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Abstract Chronic kidney disease (CKD), a major

worldwide public-health problem which affects about

10% of the population, has an increased annual

incidence rate of about 5–8%. This increased incidence

is mainly due to type 2 diabetes and hypertension and

the increasing incidence of elderly patients with CKD.

Although the progression to end-stage renal failure

(ESRF) is mainly based upon the underlying disease,

comorbid conditions such as an initial low renal

function, severe proteinuria, and high levels of blood

pressure also play important roles in the development

of ESRF. Since experimental and clinical evidence

suggest that angiotensin II plays a central role in the

progression of CKD, pharmacological inhibition of the

renin–angiotensin–aldosteron system (RAAS) with

angiotensin converting enzyme inhibitors or angioten-

sin II receptor antagonists has been suggested as first-

line treatment for hypertension and prevention of

ESRF in these patients. Aliskiren, a novel renin

inhibitor is also a promising medical intervention.

However, independently of the category of the drugs

used, low target blood pressure levels seem to be

equally or more important for the delay or prevention

of CKD. In this review the results of studies

with pharmacological inhibition of the RAAS in

patients with diabetic and nondiabetic nephropathy is

discussed.
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Introduction

Chronic kidney disease (CKD), a progressive to end-

stage renal failure (ESRF) disease, is a worldwide

major public-health problem affecting 11% of the

population [1]. Although in recent years stability in

the rate of decline of CKD has been reported, there is

a 5–8% increased annual incidence [2]. The rate of

progression is mainly based upon the underlying

disease. However, independently of the primary

kidney disease, the presence of comorbid conditions

such as an initial low renal function, severe protein-

uria, and high levels of blood pressure (BP) also play

important roles in the development of ESRF [3–6].

Hypertension is a concomitant disorder in more than

80% of the patients with CKD and its incidence

increases as the CKD progresses [7].

The renin–angiotensin–aldosterone system (RAAS)

is a major regulatory system of cardiovascular and

renal function mainly through the activation of the

angiotensin II receptors by angiotensin II (AgII), which

is the final step of the RAAS cascade. In the kidney,
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AgII plays an important role in the regulation of

glomerular filtration rate (GFR) and renal blood flow

[8]. Also, it promotes renal NaCl and H2O reabsorption

and therefore expansion of the plasma volume.

However, there is experimental and clinical evi-

dence that hemodynamic and nonhemodynamic

effects of AgII play a central role in the progression

of CKD [9, 10]. The pharmacological inhibition of

the RAAS with angiotensin converting enzyme

inhibitors (ACEIs) or angiotensin II receptor antag-

onists (ARBs) are now first-line treatments for

hypertension, especially in patients with hypertensive

target organ damage [11]. Regarding the progression

of renal disease this treatment also attenuates/delays

the decline in renal function and ameliorates/sup-

presses proteinuria [10, 12–16]. However, a recent

population-based cohort study which assessed the

long-term effect of ACEIs on patients with diabetes

did not detect a decreased risk of ESRF [17]. In fact,

the authors suggested that ACEIs might actually

increase the risk for ESRF. However, several limita-

tions on the methodology of the study have been

raised [18, 19]. In addition, a recent meta-analysis of

127 placebo-controlled trials indicated that the ben-

efits of ACEIs or ARBs on renal outcomes result

mainly from a blood-pressure-lowering effect [20].

Recently the development of an oral active renin

inhibitor has provided an alternative method of

inhibiting the RAAS and thus creating a potential

therapy for CKD patients [10, 21–25]. In the present

review the role of the different pharmacological

inhibitors/blockers of the RAAS as well as the control

of BP on renoprotection are discussed.

Treatment with ACEIs

In the early 1990s Lewis et al. showed that capto-

pril, one of the first ACEIs available on the market,

has kidney-protecting properties independent of its

effect on BP in diabetic nephropathy. In this

randomized controlled trial comparing captopril

with placebo in patients with insulin-dependent

diabetes mellitus in whom urinary protein excretion

was C500 mg per day and serum creatinine con-

centration B2.5 mg/dl captopril treatment was

associated with a 50% reduction in the risk of the

combined endpoints of death, dialysis, and trans-

plantation that was independent of the small

disparity in BP between the groups. The authors

concluded that captopril protects against deteriora-

tion in renal function in insulin-dependent diabetic

nephropathy and was significantly more effective

than BP control alone [26]. However, the placebo

patients were receiving conventional antihyperten-

sive treatment excluding calcium antagonists. Later,

Tarnow et al. showed that long-term treatment with

the long-acting calcium antagonist nisoldipine and

the ACEI lisinopril had a similar effect on the

progression of diabetic nephropathy in hypertensive

type 1 diabetic patients [27].

In the Ramipril Efficacy In Nephropathy (REIN)

study, the ACEI ramipril in patients with chronic

nephropathies and proteinuria of 3 g or more per 24 h

safely reduced the rate of decline of the glomerular

filtration rate (GFR) and halved the combined risk of

doubling of serum creatinine or ESRF, as compared

with placebo plus conventional antihypertensive drugs

at the same level of BP control [5]. One year later, the

same group of investigators reported that ACEIs confer

renoprotection even to nondiabetic CKD patients with

non-nephrotic proteinuria [28]. Also, in a 3-year trial

involving 583 patients with renal insufficiency and

diabetic and nondiabetic nephropathy, the use of the

ACEI benazepril provided protection against the

progression of renal insufficiency [29]. However, in a

meta-analysis study including six studies performed in

hypertensive type 2 diabetic patients with proteinuria

the use of ACEIs did not reveal significant differences

in the decline in GFR between patients treated with and

without ACEI, except for one of these studies [30].

Microalbuminuria (24 h urine protein 30–300 mg),

which is considered as a sign of endothelial dysfunc-

tion, progresses to overt proteinuria in 20–40% of

patients with type 2 diabetes [31, 32]. In addition,

microalbuminuria has been shown to be associated

with an increased incidence of cardiovascular disease

not only in diabetes but also in nondiabetic subjects

[33–39]. In the Heart Outcomes Prevention Evaluation

study (HOPE study), microalbuminuria was also found

to be a significant risk factor for the primary outcome,

which was a composite of myocardial infarction,

stroke, or death from cardiovascular causes. Indeed,

it was more significant than coexisting coronary artery

disease (CAD) and diabetes mellitus [40]. However,

this study was not designed to assess the incidence of

microalbuminuria on cardiovascular events in high-

risk patients.
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In the EURODIAB controlled trial of lisinopril in

insulin dependent diabetes (EUCLID) study, a ran-

domized placebo-controlled trial of lisinopril in

normotensive patients with insulin-dependent diabetes

and normoalbuminuria or microalbuminuria, the

investigators demonstrated significant reduction in

progression of diabetic nephropathy with the use of the

above ACEI [41]. Moreover, treatment with the ACEI

enalapril decreased the incidence of microalbuminuria

over a period of 6 years in normotensive normoalbu-

minuric patients with type 2 diabetes [42]. The

multicenter double-blind, randomized Bergamo Neph-

rologic Diabetes Complications Trial (BENEDICT)

was designed to assess whether ACEIs and non-

dihydropyridine calcium-channel blockers, alone or in

combination, prevent microalbuminuria in subjects

with hypertension, type 2 diabetes mellitus, and nor-

mal urinary albumin excretion. The investigators

studied 1,204 subjects, who were randomly assigned

to receive at least 3 years of treatment with trandolapril

(an ACEI) plus verapamil (a sustained-release calcium

antagonist), trandolapril alone, verapamil alone, or

placebo. The target BP was 120/80 mmHg. The

primary endpoint was the development of persistent

microalbuminuria (overnight albumin excretion,

C20 lg per minute at two consecutive visits). Trando-

lapril plus verapamil and trandolapril alone decreased

the incidence of microalbuminuria by factors of 2.6 and

2.1, respectively. The effect of verapamil alone was

similar to that of placebo [16].

Due to severe side-effects such as an increase of

serum creatinine and hyperkalemia in some patients,

many physicians are reluctant to use ACEIs and ARBs

in advanced renal insufficiency. Hou et al. assessed the

efficacy and safety of benazepril in patients without

diabetes who had advanced renal insufficiency. Four

hundred and twenty-two patients were enrolled in a

randomized, double-blind study. After an 8-week run-

in period, 104 patients with serum creatinine levels of

1.5–3.0 mg/dl (group 1) received 20 mg of benazepril

per day, whereas, 224 patients with serum creatinine

levels of 3.1–5.0 mg/dl (group 2) were randomly

assigned to receive either 20 mg of benazepril per

day (112 patients) or placebo (112 patients) and then

followed for a mean of 3.4 years. All patients received

also conventional antihypertensive therapy. The pri-

mary outcome was the composite of a doubling of the

serum creatinine level, end-stage renal disease, or

death. Secondary endpoints included changes in the

level of proteinuria and the rate of progression of renal

disease. Benazepril therapy was associated with a 52%

reduction in the level of proteinuria and a reduction of

23% in the rate of decline in renal function and

conferred substantial renal benefits in patients without

diabetes who had advanced renal insufficiency [43].

Treatment with ARBs

Large clinical trials have established also the benefits

in morbidity and mortality of the ARBs in patients

with hypertension, CKD, and heart failure [13, 44–

46]. Four clinical trials (RENAAL, IDNT, IRMA-2,

and MARVAL) examined the effect of AT1 receptor

blockers in patients with Non-Insulin Dependent

Diabetes Melitus (NIDDM) nephropathy. These

studies confirmed the beneficial effect of AT1

receptor blockers in patients with NIDDM nephrop-

athy that was extended beyond the BP reduction. The

RENAAL study compared the effects of losartan with

placebo (both administered in addition to conven-

tional antihypertensive therapy, including calcium

channel blockers, diuretics, alpha-blockers, beta-

blockers, and centrally acting agents) in patients with

type 2 diabetes and nephropathy, defined as a urinary

albumin/creatinine ratio of at least 300 mg/g and

serum creatinine between 1.3 and 3.0 mg/dl. The

primary endpoint was a composite of the time to the

first event of doubling of serum creatinine, ESRF, or

death, with secondary endpoints of cardiovascular

events, progression of renal disease, and changes in

proteinuria. Patients treated with losartan demon-

strated a 16% reduction (P = 0.02) in the composite

endpoint, a 25% risk reduction in doubling of serum

creatinine (P = 0.006), a 28% reduction in the risk of

ESRF (P = 0.002), and a 20% risk reduction in the

composite endpoint of ESRF and death (P = 0.01),

compared with patients receiving placebo. Losartan-

treated patients also experienced a 35% decrease in

proteinuria, as shown by a significant fall in the urine

albumin/creatinine ratio (P \ 0.001). Both study

groups had similar systolic and diastolic blood

pressures throughout the study, a finding that indi-

cates that the renoprotective effects of losartan were

attributable to effects beyond BP control [13].

Similar renoprotective effects were obtained with

irbesartan in the IDNT study [44]. The IDNT study,

which compared irbesartan with amlodipine on the
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progression of nephropathy in patients with type 2

diabetes, showed that irbesartan was associated with

a lower risk of the primary composite endpoint of

doubling of the base-line serum creatinine concen-

tration, the development of ESRF, or death from any

cause (20% lower risk vs. placebo, P = 0.02); 23%

lower risk vs. amlodipine, P = 0.006), a lower risk of

doubling of serum creatinine concentration (33%

lower risk versus placebo, P = 0.003; 37% lower risk

versus amlodipine, P = 0.001), and a lower relative

risk of ESRF, although not statistically significant

(23% versus either group, P = 0.07).

The Irbesartan in patients with type 2 diabetes and

Microalbuminuria study group (IRMA-2) investigated

the renoprotective effect of the irbesartan in hypertensive

patients with type 2 diabetes and microalbuminuria.

After a follow-up of 2 years 5.2% in the 300 mg

irbesartan group and 9.7% in the 150 mg irbesartan

group reached the primary endpoint (the time to the onset

of diabetic nephropathy), as compared with 14.9% in the

placebo group of patients (P\ 0.001). The authors

concluded that irbesartan is renoprotective independently

of its blood-pressure-lowering effect in hypertensive

patients with type 2 diabetes and microalbuminuria [45].

In the MicroAlbuminuria Reduction with VALsar-

tan (MARVAL) study the investigators found that, for

the same level of attained BP and the same degree

of BP reduction, valsartan lowered urinary albumin

excretion more effectively than amlodipine in patients

with type 2 diabetes and microalbuminuria, includ-

ing the subgroup with baseline normotension. This

indicates a BP-independent antiproteinuric effect of

valsartan [46].

The antiproteinuric effect of ARBs independently

of the degree of proteinuria and the underlying

disease was recently investigated in a meta-analysis

study of 49 randomized control trials involving 6,181

patients. The reduction in proteinuria from ARBs was

similar to that of ACEIs [47].

Dose titration: comparison and combination

of ACEIs/ARBs

Andersen et al. evaluated the optimal dose of losartan

in 50 consecutive hypertensive type 1 diabetic

patients with diabetic nephropathy. They received

increasing doses of losartan, 50, 100, and 150 mg

once daily in three periods each lasting 2 months. All

doses of losartan reduced albuminuria and BP.

Albuminuria was reduced by 30% [95% confidence

interval (CI) 15–41%] on losartan 50 mg, 48% (95%

CI 35–57%) on losartan 100 mg, and 44% (95% CI

32–56%) on losartan 150 mg (all P values \ 0.01

versus baseline). Losartan 100 mg daily was signif-

icantly more effective than 50 mg daily in reducing

albuminuria (P \ 0.01) without differences between

the two high doses. Losartan 100 mg daily was also

more effective than 50 mg daily in reducing systolic,

diastolic, and mean arterial BP (P = 0.05), without

differences between the high doses. These results

suggest that the optimal dose of losartan is 100 mg

daily for renoprotection and BP reduction in type 1

diabetic patients with diabetic nephropathy [48].

However, the use of higher or ultrahigh doses of

different ARBs such as irbesartan, candesartan,

and valsartan resulted in additional antiproteinu-

ric effect in patients with diabetic and nondiabetic

nephropathy. It is also of interest that the enhanced

renoprotective effect was independent of changes in

systemic BP and with no dose-related increases in

adverse events [49–51]. In addition, the IRMA-2

study showed that long-term treatment with 300 mg

irbesartan in microalbuminuric type 2 diabetic

patients resulted in greater reduction of microalbu-

minuria and normalisation of urinary albumin in a

greater percentage (33%) of patients compared with

patients who received 150 mg of the drug, in whom

normalization of proteinuria was reached in 24% of

patients [45]. Nevertheless, before we change our

current policy on the recommended doses of the

above drugs we should wait for results of long-term

studies.

The antiproteinuric effect of the combination of an

ACE with an ARB has also been studied. The combi-

nation of the ACE inhibitor lisinopril and the ARB

losartan was compared to that of the optimal antipro-

teinuric doses of monotherapy in nine nondiabetic renal

patients with median proteinuria 4.5 g/day (95% CI

3.5–6.4 g/day), creatinine clearance of 80 ml/min (95%

CI 66–96 ml/min), and mean arterial pressure (MAP) of

102 mmHg (95% CI 93–112 mmHg). In this study,

losartan and lisinopril were used in randomized order,

each preceded by a baseline period without medication.

The doses of losartan (mg/day) were 50, 100, 150, and

again 50. The lisinopril doses were 10, 20, 40, and again

10. In a second protocol, patients were treated with a

combination, using the optimal antiproteinuric doses
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established for the individual drugs. The antiproteinuric

response by losartan was optimal at 100 mg (-46%;

95% CI -60% to -24%), being larger than at the 50 mg

dose (-27%; 95% CI -42% to -4%; P \ 0.05), but not

different from the 150 mg dose (-46%; 95% CI -58%

to -20%). Proteinuria decreased further at each up-

titration step of lisinopril to -75% (95% CI -85% to

-43%) at the 40 mg dose. Combination therapy

reduced proteinuria more effectively (-85%; 95% CI

-96% to -58%) than monotherapy with losartan, and to

a lesser extent than with lisinopril. Optimal BP

responses were obtained at similar doses [52].

The comparative effectiveness of ACEIs versus

ARBs in essential hypertension was recently

reviewed. According to the authors of that study

both drugs of RAAS inhibition had similar effects on

BP control, but the ACEIs had higher rates of cough

than ARBs [53].

Few studies however, have directly compared the

renoprotective effects of ACEIs with ARBs in

patients with type 2 diabetes. In the Diabetics

Exposed to Telmisartan and Enalapril (DETAIL)

study, a prospective, multicenter, double-blind,

5-year study, 250 subjects with type 2 diabetes and

early nephropathy were randomly assigned to receive

either the ARB telmisartan (80 mg daily) or the

ACEI enalapril (20 mg daily). The primary endpoint

was the change in the GFR (determined by measuring

the plasma clearance of iohexol) between the baseline

value and the last available value during the 5-year

treatment period. Telmisartan was not inferior to

enalapril in providing long-term renoprotection in

persons with type 2 diabetes. These findings sup-

ported the clinical equivalence of ARBs and ACEIs

in persons with conditions that place them at high risk

for cardiovascular events [54]. Similar are the results

of the IMPROVE study which showed that hyper-

tensive patients, mainly diabetics, and relatively low

degree of proteinuria may only require monotherapy

with RAAS-blocking agents [55].

On the other hand, Kincaid-Smith et al., in a

randomized controlled trial in normotensive patients

with CKD and proteinuria [56], showed that the

addition of the ARB candesartan to ACEI treatment

reduced proteinuria and both systolic and diastolic BP.

The COOPERATE study, a randomized controlled

trial [57], assessed the efficacy and safety of combined

treatment of an ACEI and an ARB, and monotherapy of

each drug at its maximum dose, in patients with

nondiabetic renal disease. Two hundred and sixty-

three patients were randomly assigned losartan,

100 mg daily, trandolapril 3 mg daily, or a combina-

tion of both drugs at equivalent doses. Survival

analysis compared the effects of each regimen on the

combined primary endpoint of time to doubling of

serum creatinine concentration or end-stage renal

disease. According to those authors’ conclusion,

combination treatment safely retards progression of

nondiabetic renal disease compared with mono-

therapy. However, the interesting finding that some

patients on combined treatment also reached the

combined primary endpoint made the authors suggest

the need for a more integrated treatment of our patients,

a recommendation also proposed by the authors of the

present review.

The study of Kincaid-Smith et al. compared the

effect of increasing the ACEI dose by 50% with that

of adding an ARB to a standard ACEI dose.

Proteinuria and BP were compared in both groups

of patients in the three periods, on standard ACEI, on

ACEI plus candesartan, and on a dose of ACEI

increased by 50%. Standard ACEI plus candesartan

was more effective in reducing systolic BP and

proteinuria than a 50% increase in ACEI dose [58].

Based on the above as well as other studies the

National Kidney Foundation suggests that ACEI and

ARB may be used in combination to reduce protein-

uria in both diabetic and nondiabetic kidney disease

independently of the control of BP [59]. A recent

meta-analysis further supports the combination of

ARBs and ACEIs as an effective antiproteinuric

therapy [48]. In a randomized double-blind placebo-

controlled trial (AVOID) in patients with type 2

diabetes and albuminuria the addition of 300 mg

once daily of the renin inhibitor aliskiren (for details

see below) to the ARB losartan 100 mg for 6 months

was associated with a 20% reduction in albuminuria

[60]. The rationale for combination treatment of

drugs affecting the RAAS including mineralocorti-

coid antagonists and the recently available renin

inhibitor aliskiren in patients with CKD is fully

discussed in depth in a very recent review [61].

However, additional important information on com-

bination therapy in kidney disease are excepted this

year after the results of the ongoing study ONTAR-

GET which compares the efficacy of telmisartan plus

ramipril with ramipril alone in the composite out-

come of cardiovascular morbidity and mortality as a
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primary outcome as well as the doubling of serum

creatinine and ESRF as a secondary endpoint [62].

Treatment with renin inhibitor

The biochemical consequences of renin inhibition

differ from those of ACEI and ARB, particularly in

terms of angiotensin profiles and interactions with the

bradykinin-nitric oxide-cGMP pathway and possibly

the (pro)renin receptor. The renin inhibitor aliskiren

reduces angiotensin I and II, and (unlike ACEI and

ARB) the levels of plasma renin activity, a potential

considered cardiovascular risk factor [63, 64]. Ali-

skiren represents the first in a novel class of renin

inhibitors. It is a highly potent and selective inhibitor

of human renin in vitro and in vivo; once-daily oral

doses of aliskiren inhibit renin and lower BP in

sodium-depleted marmosets and hypertensive human

patients. The drug has a high solubility in water and

biological fluids and is a nonpeptide drug suitable for

oral administration [22, 65–68].

Aliskiren ameliorated organ damage, lowered BP

and albuminuria, and normalized serum creatinine in

transgenic rats for human renin and angiotensinogen

genes [25] and provides similar renoprotection as

compared with an ARB in a rat model of hyperten-

sive nephropathy [23].

Studies in humans attest to an effective antihyper-

tensive effect comparable to ACEIs, ARBs, diuretics,

and amlodipine with no side-effects at the dosage of

300 mg daily and the option of combination with

other antihypertensives [69–71]. Randomized clinical

trials in patients with cardiovascular and renal

diseases are also in progress.

Limitations of the use of drugs inhibiting

the RAAS

ACEIs and ARBs are widely used in CKD patients.

These agents have the advantage of being well

tolerated, and moreover, they do not worsen the

insulin resistance and the associated metabolic abnor-

malities in lipid and carbohydrate metabolism [70, 72].

However, a number of side-effects do occur and

include hypotension, acute renal failure especially in

patients with bilateral renal-artery stenosis, and hyper-

kalemia [1, 57, 71, 73]. The combination of ACEIs

with nonsteroidal anti-inflammatory drugs is one of the

main causes of drug induced acute renal failure,

especially in the elderly population [72, 74]. Since

cardiac failure, mild renal failure and hypertension

often coincide with chronic pain, co-prescription of an

ACEI or ARB with a nonsteroidal anti-inflammatory

drug is not infrequent and can lead to functional renal

insufficiency. Moreover, since sodium depletion is a

precipitating factor, addition of a diuretic increases the

risk of renal failure [73, 75]. Therefore, drug combi-

nations of ACEIs and ARBs with nonsteroidal anti-

inflammatory drugs and diuretics (a combination

referred to as ‘triple whammy’ due to its adverse

effect), should be avoided, especially in the elderly

population. Finally, there are conflicting reports con-

cerning the effect of ACEIs and ARBs on the risk of

contrast nephropathy. Gupta et al. showed that the use

of ACEIs may protect against contrast nephropathy

[76]. However, other retrospective and prospective

studies suggest that ACEIs and ARBs can deteriorate

renal function [77–79] especially in the elderly

patients [80]. The effect of continuing or discontinuing

chronic therapy with an ACEI or ARB on the incidence

of contrast nephropathy prior to coronary angiography

was more recently evaluated [81]. Of note, the findings

of the above prospective randomized trial suggest that

among patients with CKD stages 3–4 withdrawal or

not of these drugs 24 h prior to angiography did not

significantly change the rate of contrast-induced

nephropathy. Further more the incidence rate was

6.2%, 3.7%, and 6.3% for the continuation, discontin-

uation, and RAS blockade naı̈ve group, respectively.

According to these results the authors conclude that in

CKD patients it is not necessary to discontinue these

class of drugs before angiography, as has been

previously suggested [82, 83]. Regarding the renin

inhibitor aliskiren, this drug is also likely to have the

same contraindications as ACEIs and ARBs.

The role of BP target level

in renoprotection

According to the guidelines [59, 84] BP of less than

130/80 mmHg is recommended for CKD nondialysis

patients in order to receive the greatest reno-cardio-

protection. Moreover, lower values to at least 120/

80 mmHg have recently been advised, particularly

when proteinuria is present [11]. However, as stated
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in the latest guidelines [11] and also as experienced in

everyday clinical practice, the achievement of the

suggested very low BP control usually requires the

combination of two to three drugs, especially in

patients with CKD [85, 86].

The value of levels of BP has been investigated in

the African American Study of Kidney Disease and

Hypertension (AASK). This study compared two

levels of BP in patients treated with an ACEI [87]. A

lower BP goal did not reduce the mean decline in GFR

or the risk for the composite outcome of reduction in

GFR of at least 50%, kidney failure, or all-cause

mortality during median follow-up of 4 years when

compared with a usual BP goal. However, in that study

the primary renal disease was hypertensive nephro-

sclerosis and the median baseline proteinuria was very

low.

In a meta-analysis of 11 randomized, controlled

trials with 1,860 patients comparing the efficacy of

antihypertensive drugs in CKD nondiabetic patients

Jafar et al. found that systolic BP of 110–129 mmHg

but not levels of diastolic BP and urine protein

excretion less than 2.0 g/d were associated with the

lowest risk for kidney disease progression. Antihyper-

tensive regimens that included ACEIs were more

effective in slowing the progression of kidney disease

than were regimens that did not include ACEIs. It is of

interest however, that systolic BP less than 110 mmHg

was associated with a higher risk for kidney disease

progression [88].

In the systematic review and meta-analysis of Casas

et al. [20] the effects of ACEIs or ARBs in 127

placebo-controlled trials were compared with the

effects seen with an active comparator drug. Although

the comparisons of ACEIs or ARBs with other

antihypertensive drugs yielded a significant relative

risk for doubling of serum creatinine and a small

benefit on ESRF in favor of the two drugs it is

concluded that the benefits probably result from a

blood-pressure-lowering effect. In addition, in patients

with diabetes, additional renoprotective actions of

these substances beyond lowering blood pressure

remain unproven, and there is uncertainty about the

greater renoprotection seen in nondiabetic renal dis-

ease. However, the meta-analysis received a large

correspondence of criticism, mainly due to the differ-

ent sizes of the various studies, concern about the

included patients, but also to the inclusion criteria that

had been used.

From the above studies, it is evident that the

progression of CKD to ESRF is dependent not only on

the type of antihypertensive drugs and the target of BP

but also on the degree of proteinuria and the presence

of diabetes. Especially in patients with diabetes the

presence or not of proteinuria at the initial diagnostic

screen plays a very important role in the progression of

renal damage. Last year Schrier et al. [89] published

the summary of the hypertensive and normotensive

Appropriate Blood Pressure Control in Diabetes

type 2 (ABCD) trial, an interventional clinical trial

with 5 years of follow-up that examined the role of

intensive versus standard BP control in a total of 950

patients with type 2 diabetes mellitus. The results of

the normotensive ABCD study included associations

between intensive BP control and significant slowing

of the progression of nephropathy (as assessed by

urinary albumin excretion). In patients with normoal-

buminuria (\30 mg/24 h) or microalbuminuria (30–

300 mg/24 h) at baseline, mean renal function

remained stable during 5 years in both the intensive

and the moderate BP control groups. By contrast, the

rate of creatinine clearance in patients with overt

diabetic nephropathy ([300 mg/24 h albuminuria) at

baseline dropped by an average of 5 ml/min/year in

both groups. The progression from normoalbuminuria

to microalbuminuria and from microalbuminuria to

overt diabetic nephropathy was markedly slower in

the intensive than in the moderate BP group indepen-

dently of the type of the antihypertensive used

(nisoldipine or enalapril). In the hypertensive group

of patients with normoalbuminuria (\30 mg/24 h) or

microalbuminuria (30–300 mg/24 h) at baseline,

mean renal function remained stable during 5 years

of either intensive or standard BP intervention.

By contrast, the rate of creatinine clearance in patients

with overt diabetic nephropathy ([300 mg/24 h

albuminuria) at baseline decreased by an average of

5 ml/min/year in spite of either intensive or standard

BP control, although the patients were receiving the

ACEI enalapril.

In 1994, the results of the Modification of Diet in

Renal Disease (MDRD) study were published. A low

target BP (less than 125/75 mmHg) did not produce a

slower projected mean decline in GFR at 3 years

compared with the usual target BP. However, patients

with greater proteinuria significantly benefited from

the low target BP [90]. On the other hand, in the long-

term follow-up of the MDRD study [91], 840 patients
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with predominantly nondiabetic kidney disease and a

glomerular filtration rate of 13–55 ml/min per

1.73 m2 were evaluated approximately 10 years later.

Assignment to a low target BP (mean arterial

pressure \92 mmHg) slowed significantly the cumu-

lative probability of kidney failure and the composite

outcome (kidney failure or all-cause mortality) com-

pared with the usual target BP group (mean arterial

pressure \107 mmHg). During the trial, 51% of

participants in the low target BP and 32% of

participants in the high target BP group received

ACEIs for more than 50% of follow-up visits.

However, sensitivity analysis for use of ACEIs did

not substantially change the results.

In the early 1990s, Parving et al. [92] showed that

effective antihypertensive treatment postpones renal

insufficiency in diabetic nephropathy. The effect of

long-term aggressive antihypertensive treatment with a

combination of drugs such as metoprolol, hydralazine,

and furosemide on kidney function in diabetic nephrop-

athy was studied prospectively in 11 insulin-dependent

diabetics (mean age 30 years). During the mean

pretreatment period of 32 (range 23–66) months,

glomerular filtration rate decreased significantly and

albuminuria and the arterial BP increased also signif-

icantly. During the 72 (range 32–91) month period of

antihypertensive treatment with the above drugs,

the average arterial BP fell from 143/96 mmHg to

129/84 mmHg and albuminuria decreased from 1,038

to 504 micrograms/min. The rate of decline in the

glomerular filtration rate decreased from 0.89 (range

0.44–1.46) ml/min/month before treatment to 0.22

(range 0.01–0.40) ml/min/month during treatment.

The rate of decline in the GFR was significantly smaller

during the second 3 years compared with the first

3 years in patients who received long-term antihyper-

tensive treatment (greater than or equal to 6 years).

In conclusion, control of BP in CKD patients at

targets lower than these suggested for patients with

uncomplicated hypertension is mandatory for the

delay of kidney disease progression or the develop-

ment of CKD in cases of diabetes. As others, we

suggest that the inhibition of RAAS is a reliable tool

for the treatment of CKD patients [19]. However,

during follow-ups and especially in elderly patients,

checks for adverse effects should be performed with

meticulous attention. Combination of the RAAS

inhibitors is more effective in patients with heavier

proteinuria yet the combination of more than two or

three antihypertensive drugs of different categories is

needed for the achievement of very low BP levels in

most CKD patients. Finally, as practising nephrolo-

gists we should also consider integrated care of CKD

patients with treatment or improvement of all

preventable and modifiable risk factors for CKD

progression [93, 94].
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