Drugs 1999 May; 57 (5): 665-693
REVIEW ARTICLE 0012-6667/99/0005-0665/$29.00/0

© Adis International Limited. All rights reserved.

Renal Protection and
Antihypertensive Drugs

Current Status

Antonio Salvetti, Paola Mattei and Isabella Sudano

Cattedra di Medicina Interna, Department of Internal Medicine, University of Pisa, Pisa, Italy

Contents

Abstract 665
1. Mechanisms of Renal Protection . . . . . . . . . . . 666
1.1 Antihypertensive Effect . . . . . . . . 666

1.2 IntrarenalMechanisms . . . . . . . . . 667

1.3 OtherMechanisms . . . . . . . . . 669

2. Definition of Hypertension and How Far Blood Pressure Should be Reduced . . . . . .. ... .. 669
2.1 Patients With Diabetes Mellitus . . . . . . . . . . . . 669
2.2 Patients Without Diabetes Mellitus . . . . . . . . . . . .. 670

3. Effects of Antihypertensive Drugs on Diabetic Nephropathy . . . . . . . ... ... ... ... ... 670
3.1 Primary Prevention . . . . . . . . 670
3.2 Secondary Prevention: Incipient Nephropathy . . . . . .. .. ... ... ... .. ... ..., 671
3.2.1 Patfients With Type 1 Diabetes . . . . . . . . . . . . 671

3.2.2 Pdatfients With Type 2 Diabetes . . . . . . . . . . . 673

3.2.3 Patients With Type 1and Type 2 Diabetes . . . . . . . . . . .. ... . .. ... . .... 673

3.2.4 Progression to Overt Nephropathy . . . . .. ... . . ... .. ... . . .. ... ... 675

3.3 Secondary Prevention: Overt Nephropathy . . .. .. ... ... ... ... . ...... 675
3.3.1 Effect on Profeinuria and Glomerular FilfrationRate . . . . .. ... .. ... ... ... 675

3.3.2 Effect on Creatininaemia Doubling and on Hard End-Points . . . . . . . ... ... .. 679

3.4 Total Mortality and Cardiovascular Morbidity and Mortality . . . .. ... . .. ... ... .. 680

4. Nondiabetic Nephropathy . . . . . . . 681
4.1 Hypertensive NephrosClerosis . . . . . . . . o v 0 0 681
4.2 IgA Nephropathy . . . . . . 682
4.3 Diverse Nephropathies . . . . . . . . . . 682

5. CONCIUSIONS . . o v 686

Abstract The renal protective effect of antihypertensive drugs is linked to 2 mecha-

nisms. First, reduction in blood pressure (BP) is a fundamental prerequisite com-
mon to all antihypertensive drugs. The exact definition of the level to which BP
should be reduced remains to be established, although there is some evidence that
BP should be reduced below 130/85mm Hg in patients with diabetic and non-
diabetic nephropathies and below 125/75mm Hg in patients with nondiabetic
nephropathies and proteinuria >1 g/day. However, available data suggest that
tight BP control (BP < 140/80mm Hg) can reduce the risk of cardiovascular
complications in hypertensive patients with type 2 diabetes mellitus (non—insu-
lin-dependent diabetes mellitus; NIDDM). Secondly, intrarenal actions on mecha-
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nisms such as glomerular hypertension and hypertrophy, proteinuria, mesangial
cell proliferation, mesangial matrix production and probably endothelial dysfunc-
tion, which can cause and/or worsen renal failure, are relevant for the renal pro-
tective action of some drug classes. ACE inhibitors possess such properties and
also seem to lower proteinuria more than other antihypertensive drugs, despite a
similar BP lowering effect. Calcium antagonists likewise exert beneficial intra-
renal effects, but with some differences among subclasses. It remains to be eval-
uated whether angiotensin II-receptor antagonists can exert intrarenal effects and
antiproteinuric actions similar to those of ACE inhibitors.

While primary prevention of diabetic nephropathy is still an unsolved prob-
lem, there is convincing evidence that in patients with type 1 (insulin-dependent
diabetes mellitus; IDDM) or 2 diabetes mellitus and incipient nephropathy ACE
inhibitors reduce urinary albumin excretion and slow the progression to overt neph-
ropathy. Similar effects have been reported with some long-acting dihydropyrid-
ine calcium antagonists, although less consistently than with ACE inhibitors. In
patients with diabetic overt nephropathy, ACE inhibitors and nondihydropyridine
calcium antagonists are particularly effective in reducing proteinuria and both
drugs can slow the decline in glomerular filtration rate more successfully than
other antihypertensive treatment.

Available data in patients with nondiabetic nephropathies indicate that ACE
inhibitors can be beneficial, principally in patients with significant proteinuria,
in slowing the progression of renal failure. However, it is still unclear whether
this beneficial effect of ACE inhibitors is particularly evident in patients with
mild and/or more advanced renal failure and whether calcium antagonists possess
a similar nephroprotective effect.

Overall, data from clinical trials thus seem to indicate that ACE inhibitors and
possibly calcium antagonists should be preferred in the treatment of patients with
diabetic and nondiabetic nephropathies. However, further information is needed
to understand renal protection.

Available data indicate that the occurrence of 1. Mechanisms of Renal Protection
end-stage renal failure (ESRF) is increasing both . :
Antihypertensive drugs may exert a renal pro-

in the US! and in EuropB! with 2 main adverse . . . . :

. o tective action through 2 main mechanisms. First,
consequences..Fwst, E_SRF has a_ negative Impaghe 1oquction of blood pressure (BP), which is a
on the prognosis of patients both in terms of Sur-pechanism common to all available antihyperten-
vival and quality of life. Secondly, it increases the gjye drugs, and secondly, intrarenal effects, which
economic costs for healthcare systé3hus pre-  can differ according to different classes of anti-
vention of ESRF is an important target of medical hypertensive drugs.

therapy. Such therapy is based on two strategies,
namely primary prevention of renal damage and 1.1 Anfihypertensive Effects

slowing or halting the progression of renal failure. Available data clearly indicate that hypertension
Since antihypertensive drugs are frequently used i’?s one of the main mechanisms causing kidney dam-
order to achieve these therapeutic targetswe agel®12n the presence of renal damage hyperten-
will review both the mechanisms through which gjgn quickens the progression toward ESR#8I
these drugs can exert a renal protective action anttherefore, BP reduction can be viewed as an effi-
the clinical evidence of their renal protection in cient means of preventing renal damage and halting
diabetic and nondiabetic nephropathies. or slowing the progression toward ESRE23]
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However, both the definition of normal BP and the AT ;-antagonist§!344 However, it is unclear
level that high BP should be reduced by are still towhether this bradykinin-mediated effect of ACE

be defined (see sections 2.1 and 2.2). inhibitors on the glomerular efferent arteriole re-
sults in a greater reduction in glomerular BP com-
1.2 Intrarenal Mechanisms pared with AT;-antagonists. Some experimental

o . _data suggest that Afantagonists are less effective
Renal vasoconstriction is considered a typicalin reducing glomerular hypertension than ACE in-
feature of patients with hypertension since it can hibitors[4344] while other experimental data indi-

occur at an early stage in the development of hy-c41e that these 2 classes of drugs reduce glomerular
pertension. Furthermore, renal vasoconstriction ,piiiary pressure to a similar extd#4547More-

may precede and/or contribute to renal vascularg, ey in patients with nondiabetic chronic renal fail-

Iesion§[.24] .Thus, it is tempting to SPeC‘H'ate that ure, both the ACE inhibitor enalapril and the AT
reduction in renovascular resistances induced byantagonist losartan potassium caused a similar

djfferent an_tihypertensiveAgrElgfs,r?Ltj)g:h as an?iptenincrease in renal blood flow (RBF) with no change
smt conv_e;tlng en_zilme.( " )in tl |tor_sa, (ia CIUM in GFR and a similar significant decrease in filtra-
antagonists, angiotensin Il-receptor ¢¥Bntago- tion fraction (FF)#8! Thus these data suggest that

nists, nonsglectwe and th'Td gener.atualhl lock- ACE inhibitors and ATf-antagonists can exert a
ers, loop diuretics and thiazide diuretics when .~ =~ . . T )
similar intrarenal haemodynamic action in patients

iven over the long term, could contribute to renal ™ . . .
g o0 21 25_299 with renal disease, a suggestion that needs to be
protection(20.21,25-29] confirmed

A second intrarenal mechanism for the protec- L .
The reduction in intraglomerular pressure in-

tion of renal function is the effect on glomerular o .
. . duced by ACE inhibitors can account for the initial
hypertension and glomerular hypertrophy. Experi- . ; : .

yp I 9 utarnyp PRy EXPEI" - it modest, decrease in G531 This effect is

mental and clinical data have shown that in the tunctional ph ) i ibl
presence of diabetes mellifts3% and in diseased 2 UNctionaiphenomenon since it 1S reversibie even

kidney remnant nephrof#&32! glomerular filtra- al_‘ter Ipng term treatment in patients wi_th either
tion rate (GFR) autoregulation is impaired, with diabeti¢® or nondiabeti®? nephropathies and

the consequence that systemic BP is transmitte@PP€ars to be a prerequisite for the subsequent at-
. . . 1 i i -53
downstream to the glomeruli, resulting in glomer- €nuation of the decline in GFRY-%3! o
ular hypertension. This latter phenomenon can be !t iS still unclear whether nondihydropyridine:
amplified by constriction of the efferent glomeru- €alcium antagonists, such as verapamil and dilti-
lar arteriole induced by intrarenal production of @2€m, can reduce glomerular hypertension through
angiotensin 1133351 Moreover diabetes mellitus mechanisms independent of systemic BP reduc-
and nephron adaptation in remnant nephrons idion. Possible mechanisms include inhibition of the
characterised by glomerular hypertrophy with an calcium-dependent vasoconstricting effect of an-
increase in capillary radiu3l36l Both these pro- giotensin Il on the efferent glomerular arterigfé
cesses increase capillary wall tension, a mechaand preservation of renal autoregulatigit:’l With
nism that causes glomerular damage (glomerulothe possible exception of manidipifé] dihydro-
sclerosis)31.36] pyridine calcium antagonists act predominantly by
Glomerular hypertension can be reduced byrelaxing the afferent glomerular arteridtél There-
antihypertensive drugs that cause a predominanfore, they do not reduce, or may even increase glo-
vasodilation of the efferent glomerular arteriole. merular capillary pressufél and impair renal auto-
ACE inhibitors seem to have such an eff&t.37-421  regulationl3?] However, these drugs can reduce
not only through inhibition of intrarenal angioten- glomerular hypertrophi5.39.555%an effect which
sin Il generation but also through a bradykinin-me- can also be exerted by ACE inhibitors through inter-
diated actiort*344 The latter effect is not exerted by ference with the direct or indirect trophic effects of
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angiotensin 189 Conventional treatment with tion in glomerular capillary pressure or by other
diuretics,B-blockers, vasodilatorgy;-antagonists mechanismé&.85.86l|nterestingly, the antiprotein-
and their combinations seem to be devoid of anyuric effect of ACE inhibitors seems to be a functional
specific effect on glomerular hypertension besidephenomenon since it is readily detect&349.87-89]
that induced by BP reductidt?! and reversible after withdrawing drug therapy even
A third intrarenal mechanism is the effect on following long term treatmen/e®
urinary protein excretion. Proteinuria is caused by ~ As reviewed by Burnier and Brunn&# in
alterations in glomerular membrane permeability some experimental mod&%%2.90-92lpyt notin oth-
and selectivity due to several mechanisms includ-erd®2.93 AT ;-antagonists were shown to exert an
ing mechanical injury induced by glomerular hy- antiproteinuric effect that was similar to that of
pertension, incomplete covering of the glomerular ACE inhibitors[45.90-92lwhile in patients with non-
surface area by podocytes in the presence of glodiabetic nephropathy, losartan potassium and en-
merular hypertrophy or lesions caused by toxins oralapril exerted a similar antiproteinuric effd¢tl
immunoreactant§ll Moreover, intrarenal angio- Recent preliminary data indicate that the addition
tensin Il can contribute to proteinuria either by in- of losartan potassium to patients with various renal
ducing glomerular hypertension and hypertrophydiseases who were receiving ACE inhibitors fur-
or by causing contraction of mesangial cells andther reduced proteinuri@¥ This finding is in
therefore altering intraglomerular circulation and agreement with experimental data showing that the
glomerular membrane permselectivi§$2! combination of lisinopril and losartan potassium
Although proteinuria can be an indicator of the was more effective than single drug treatment in
degree of renal dama§e®4 experimental data reducing proteinuria in rats with passive Heymann
suggest that it can play a causative role in the denephritisl®3! Taken together these data suggest that
velopment of glomerulosclerosis through various the antiproteinuric effect of ACE inhibitors seems
mechanisms, including mesangial cell and tubularin some way linked to inhibition of intrarenal gen-
protein overload and epithelial cell damdg8. eration of angiotensin Il, and that a more complete
This hypothesis is consistent with the finding that, blockade of intrarenal angiotensin Il can exert a
both in diabetic and nondiabetic nephropathies,greater antiproteinuric effect.
proteinuria is a predictor of the rate of renal func- It has been reported that nondihydropyridine
tion deterioratiorf®°3:65-721furthermore a reduc- calcium antagonists, such as verapamil and dilti-
tion in proteinuria was found to correlate with bet- azem, exert an antiproteinuric effect similar to
ter renal function outcom&33.71.73-78ITherefore, ACE inhibitord82.96lowing to their capacity to pre-
the antiproteinuric effect of antihypertensive drugs serve renal autoregulation and improve glomerular
should be an additional mechanism through whichmembrane permselectivi§/! In contrast, dihydro-
these drugs can protect the kidney. pyridine calcium antagonists exert a modest or no
Available data indicate that the long term bene-apparent antiproteinuric effe8 They have been
ficial effects of antihypertensive drugs in reducing shown to worsen glomerular autoregulatiéf not
urinary protein excretion are proportional to BP re- improve glomerular membrane permeability and
duction both in diabetic and nondiabetic nephrop-selectivity®’! and reduce tubular protein reabsorp-
athy!4-6.53.79-84]However, ACE inhibitors seem to tion.°8! However, the perceived lack of anti-
lower urinary protein excretion more than other an- proteinuric effect seems to be due to the inclusion
tihypertensive agents despite a similar BP loweringin the meta-analyses of data concerning nifedipine,
effect[79-84 This additional antiproteinuric effect which has been claimed not to reduce proteinuria
of ACE inhibitors can be tentatively explained by in diabetic nephropatt§#-83l or to reduce protein-
an improvement in glomerular membrane perm-uria less than other calcium antagonists in diabetic
selectivity to macromolecules induced by a reduc-and nondiabetic nephropathié$.

O Adis International Limited. All rights reserved. Drugs 1999 May: 57 (5)



Renal Protection and Antihypertensive Drugs 669

Since these meta-analyses were based on studkhe kidney. The endothelium produces its effects
ies in which mainly short-acting nifedipine formu- through production of vasodilating substances,
lations were used, it is tempting to speculate thatmainly nitric oxide (NO), and vasoconstrictor sub-
pressure oscillations and reflex activation of the stances such as endothelium derived constricting
sympathetic nervous system (SNS) and therefordactors (EDCFs), tentatively identified as pro-
of the renin angiotensin systé¥ may have blunt-  stanoids, thromboxane»fand prostaglandin §
ed and/or counteracted the antiproteinuric effectand superoxide anions, and endothelin-1 10!
linked to BP reduction. This hypothesis seems toAs reviewed elsewheri¢!-114l endothelial dys-
be supported by the following data. First, chronic function as a result of reduced bioavailability of
SNS activation induced proteinuria in ratel NO and increased production of EDCFs and;ET
Furthermore, sympathovagal imbalance with a rel-could cause both acute and chronic kidney damage.
ative sympathetic dominance is presentin patients Available data in humans indicate that both
with diabetes mellitus at high risk of progression ACE inhibitord!15-118l and dihydropyridine cal-
to microalbuminuridiol with incipient and overt cium antagonists'9-121] can improve endothelial
nephropathi}%? and associated with a greater pro- function. Moreover, experimental data suggest that
gression of diabetic nephropatf$g! Secondly, some  ACE inhibitors can reduce Biproductiof4land
long-acting dihydropyridine calcium antagonists sig both experiment&22-123land clinical dat&?4! in-
nificantly reduced microalbuminuria in patients dicate that calcium antagonists counteract the vas-
with incipient diabetic nephropathy, with an effect cular action of ET. However, whether these endo-
similar to ACE inhibitors (see section 3.2.1). More- thelial effects of ACE inhibitors and calcium
over there is some evidence that while the anti-antagonists are additional mechanisms of reno-
proteinuric effect of ACE inhibitors is detectable protection is still to be evaluated in humans.
early, that of dihydropyridine calcium antagonists
can be observed only after prolonged treatrftL0%] 2. Definition of Hypertension and How

Finally, it is possible that the combination of an  Far Blood Pressure Should be Reduced
ACE inhibitor with a nondihydropyridine or a di-

hydropyridine calcium antagonist could exert an 5 1 patients With Diabetes Mellitus
additional antiproteinuric effedt96-108]
As reviewed elsewher&15125 there are sev-
1.3 Other Mechanisms eral proposals but no definite agreement on the def-
inition of hypertension or on how far BP should be
Mesangial cells play a key role in controlling reduced in patients with diabetes mellitus. Accord-
glomerular microcirculation. Proliferation of these ing to World Health Organization/International So-
cells as well as increased deposition of mesangiatiety of Hypertension (WHO-ISH}26] WHOI127]
extracellular matrix, which is triggered by haemo- and U$28] guidelines, hypertension is defined in
dynamic factors and/or inflammatory changes,the overall population as BP values > 140/90mm Hg.
seems to play a pivotal pathogenetic role in mostHowever, these guidelines recommend that BP
forms of glomerular injury#%1%9 Since ACE in-  should be reduced to below 130/85mm Hg in pa-
hibitord1%9 and calcium antagonid®81%l can tients with diabetes mellitus. Thus, it is tempting
counteract these processes it is reasonable to ase speculate that in patients with diabetes mellitus
sume that such processes might be additionahypertension can be defined as BR30/85mm Hg.
mechanisms through which these drugs exertrenal There is even greater uncertainty concerning
protection. how far BP should be reduced in patients with
Endothelium is a paracrine and autocrine organdiabetic nephropatt§:12% Two ongoing trials have
that plays an important role in the control of vas- been designed to answer this question. The first
cular tone and structure in various organs includingtriall*3% has been designed in a subset of patients
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with type 1 diabetes and nephropathy, who were 2.2 Patients Without Diabetes Mellitus
enrolled in a previous tridt3! The aim of the study

was .to dete.rmlne Whethgr t.he.z level of B-P control the Hypertension Optimal Treatment (HOT) Study,
obtained using an ACE inhibitor, ramipril, as the j, \yhich 19,196 patients with hypertension (of
primary therapeutic agent, is associated with im-yynom 79 had diabetes mellitus) were randomised
proved prognosis in the rate of decline in renaltg reach 3 different levels of DBP (<90, <85,
function, the rate of ESRF, proteinuria, morbidity <80mm Hg){*34 This study ended in August 1997
and mortality. The primary end-point of this study and ongoing analyses of data will include the out-
was comparison of the rate of loss of renal functioncome of renal function, as reflected by creatinine
between 2 groups randomised to moderate [meaglearance (Cockcroft’s formula). Moreover a renal
arterial pressure (MAP)® 100< 107mm Hg] and  substudy of this trial will evaluate GFR in a sam-

more intensive (MAR 92mm Hg) BP control on  Ple of patients!®®l Analyses of previous stud-
a 2-year follow-up. ied?0.21.136lhave suggested that BP should be re-

The second stud¥32 the Appropriate BP Con- duced well below 140/90mm Hg, but more precise
trol in Diabetes (ABCD) trial, is a randomised, pro- information was derived from the Modification of

: . . . . Diet in Renal Disease (MDRD) stull§”! and ad-
spective, blinded trial designed to determine th.editional analyse®3138-140 The data from this

effects of moderate versus intensive reduction in

. . , , study prompted the authors to suggest that BP
diastolic BP (DBP) pn the outcom_e of d|abet|F: _ne— should be reduced to 130/80mm Hg in patients
phropathy. The primary end-point is creatinine iih proteinuria of 0.25 to 1.0 g/day and 0125
clearance, and secondary end-points are albuming 75mm Hg in those with proteinuria > 1.0 g/day.
uria, retinopathy, neuropathy and cardiovascular Moreover, very recent guidelines by the Joint
diseases. The study population is 480 patients witiNational Committee indicate that in patients with
normotension and type 2 diabetes (DBP 89-80mrmnondiabetic nephropathy, BP should be reduced to
Hg) and 470 patients with hypertension and type 2130/85mm Hg or lower (125/75mm Hg) in those
diabetes (DBR 90mm Hg). The normotensive co- Wwith proteinuria in excess of 1 g/d&y8! Finally, a
hort has been randomised to have a reduction irsubanalysis of MDRD data suggests that similar
DBP of either L0mm Hg below baseline or to main- target BP values are appropriate in Black patients
tain DBP between 89 to 80mm Hg. The hyperten-and that controlling BP to lower values may be
sive cohort has been randomised to DBP reductiorf YEN More important in African Americans than in

to 75mm Hg or to 89mm Hg. The secondary objec—Caucﬁf'ans n sonvmg .the progression of repal dis-
. . . o ) easd!¥l An ongoing trial, the African American
tive of this study is to determine if a calcium antag-

onist (nisoldipine) and an ACE inhibitor (en- Study of Kidney (AASK) Disease and Hyperten-

. g : o sion, should help to define the optimal target BP in
alapril), used as first line medications, have an;q populatiorf142]

equivalent beneficial effect on diabetic complica-

tions. Baseline characteristics of these patients, re- 3, Effects of Antihypertensive Drugs on
cently reportedt33! show that both systolic and dia-  Diabetic Nephropathy

tolic hypertension are significantly associated with

diabetic nephropathy as well as with its 3.1 Primary Prevention

macrovascular complications. It is expected that  prevention of microalbuminuria (30 to 300 mg/d|
these trials will offer important information onthe or 20 to 200ug/min), which is a well accepted
target BP values to be reached with regard not onlymarker of incipient nephropathy, is a rational ther-
to diabetic nephropathy but also to other vascularapeutic target. ACE inhibitors are regarded as first
diabetic complications. choice drugs owing to their intraglomerular action

How far BP should be reduced was evaluated in
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(see sections 1.2 and 1.3). A recent multicentre subject of an ongoing randomised, double-blind,
double-blind, randomised, parallel-design placebo-lacebo-controlled study, the BErgamo NEphro-
controlled study, the Eurodiab Control Trial of logic Dlabetes Complications Trial (BENEDICT)
Lisinopril in Insulin-Dependent Diabetes (EU- (G. Remuzzi, personal communication). In this
CLID) trial,!143 addressed this issue in 440 normo- study, 2400 normoalbuminuric hypertensive pa-
tensive, normoalbuminuric patients with type 1 tients with type 2 diabetes will be randomised to
diabetes, 213 treated with lisinopril (10 to 20 mg/day) receive an ACE inhibitor, trandolapril (2 g/day), a
and 227 with placebo. At the 2-year follow-up nondihydropyridine calcium antagonist, verapamil
microalbuminuria was nonsignificantly reduced SR (240 mg/day), their fixed combination (verapa-
by 12.7% in the group treated with lisinopril. Pro- Mil SR/trandolapril 180/2 mg/day) or placebo.
gression to microalbuminuria was 8% (18 of 227 These patients will be followed for at least 3 years
patients) and 6% (13 of 213 patients) in the placeboin order to evaluate the effect of these treatments
and lisinopril groups, respectively, a difference On the onset of microalbuminuria (UAE > 20
which was not statistically significant. Although Hg/min). Patients progressing to microalbuminuria
the authors concluded that a 15% reduction inWill be randomised to receive trandolapril (2
normoalbuminuria ‘may be of clinical importance M9/day) or the fixed combination of verapamil SR
in limiting the progression of renal disease’, it + trandolapril (180/2 mg/day) with the objective of

seems from the above report that 2 year treatmenaluating the effect of these treatments on pro-
with an ACE inhibitor does not exert an apparentg_ress'on of microalbuminuria to macroalbuminu-
primary preventive effect in normotensive-
normoalbuminuric type 1 diabetes patients. There-
fore, to date there is no clear evidence supporting
the concept of preventive treatment with ACE in-
hibitors in nhormoalbuminuric and normotensive  The effect of antihypertensive drugs on the pro-
patients with diabetes mellitu&! gression of incipient nephropathy is generally

Three double blind, randomised, parallel-group, evaluated by taking into account changes in UAE
prospective studies have been performed in hyperrate and/or the rate of progression to macro-
tensive normoalbuminuric patients with type 2 albuminuria, a marker of overt diabetic nephropa-
diabetes, comparing the effect of enalapril and ni-thy. Changes in GFR did not appear to provide use-
fedipine modified releasé* of captopril and con-  ful information in normotensive patients with type
ventional treatmeftS) and of cilazapril and am- 1 diabetes, since these patients showed no change
lodipine*46] In a mean follow-up ranging from in GFR over a follow-up period of 4 to 8 years
111441t 1451461y ears, BP was reduced similarly irrespective of antihypertensive treatméft:14!
and the urinary albumin excretion (UAE) rate was [N contrast, in hypertensive patients with type 2
unchanged by all treatments. Taken together, thes@iabetes and incipient nephropathy GFR measure-
3 studies suggest that in hypertensive normo-mentis arational parameter since it shows an early
albuminuric type 2 diabetes patients ACE inhibi- d€cline in untreated patients?)
tors, dihydropyridine calcium antagonists and con- 3 » 1 patients With Type 1 Diabetes
ventional therapy exert a similar effect on UAE.  As shown in table I, 8 controlled studies evalu-
However, since these studies lacked a placebo conated the effect of antihypertensive drugs on
trol group, it is unclear whether these treatmentsmicroalbuminuria in normotensive patients with
truly prevent progression toward incipient ne- type 1 diabetes. In all studies, the ACE inhibitor
phropathy. significantly reduced UAE, with one exceptiéti!]

The relevance of antihypertensive therapy inin which captopril did not significantly change this
primary prevention of diabetic nephropathy is the parameter. In 2 studid%9155] changes in UAE

3.2 Secondary Prevention:
Incipient Nephropathy

O Adis International Limited. All rights reserved. Drugs 1999 May: 57 (5)
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were significantly related to changes in mean BP,daily,15"] increased UAE in 1 short term stuég}
while in other studigl42.152.154there was no corre- in which captopril reduced UAE. In another long
lation between these parameters. The efficacy oterm studit>!! nifedipine retard given once daily
ACE inhibitors in reducing UAE was confirmed in also increased UAE while captopril did not.
another 2 studies, an open randomised, long term In 2 studied!49.153I nifedipine gastro intestinal
trial in which captopril significantly reduced therapeutic system (GITS), a long-acting pharma-
UAEI47 and a double-blind, randomised trial ceutical formulation with a favourable T/P effect
without placebo control group in which enalapril on BP when given once daill”] significantly re-
significantly reduced UAE while hydrochlorothia- duced UAE, an effect which was unrelated to
zide did not reduce UAES®! Studies with nifedi-  changes in BP. In the trial of the Italian Micro-
pine showed divergent results. Nifedipine retard, aalbuminuria Study Group in IDDNE*! the UAE
pharmaceutical formulation with a favourable reduction induced by nifedipine GITS was around
trough to peak (T/P) effect on BP when given twice 17.1% compared with a 46.3% reduction in UAE

Table I. Effect of antihypertensive drugs on mean blood pressure (MBP) and microalbuminuria in patients with normotension and type 1
diabetes mellitus (insulin-dependent diabetes mellitus; IDDM)

Reference Drugs (dosage) No. of patients Treatment duration MBP Microalbuminuria

Double-blind, randomised, placebo-controlled studies

Mimran et al.[*2 Nifedipine retard (20mg bid) 7 6 weeks = *
Captopril (25mg bid) 8 = 1*
Placebo 7 = =
Bilo et al.154 Nifedipine retard (20mg od) 7 1 year = 1*
Captopril (50mg od) 6 = =
Placebo 5 = =
Viberti et al.152 Captopril (50mg bid) 46 2 years I I#
Placebo 46 = 18
Schnack et al.l15%] Nifedipine GITS (30mg od) 8 1 year = I#
Placebo 7 = =
Laffel et al.l*54 Captopril (50mg bid) 70 2 years 1# LR
Placebo 73 T* =
Microalbuminuria Captopril (50mg bid) 111 2 years L# 3
Captopril Study Groupl*5d!
Placebo 114 = =
Eurodiab Control Trial of  Lisinopril (20mg od) 45 2 years L# L#
Lisinopril in Insulin
Dependent Diabetes
(EUCLID) study!*43l
Placebo 34 = =
Crepaldi et al.l*49 Lisinopril (20mg od) 32 3 years L# 1#
Nifedipine GITS (30-60mg od) 26 = L#
Placebo 34 = =
Open randomised study
Mathiesen et al.[*47] Captopril (25-100mg od) 21 treated 4 years = 1*t
+ thiazide 23 untreated = T*

Double-blind, randomised, without placebo-controlled study
Hallab et al.[*56] Enalapril (20mg od) 1 1 year = Ik
Hydrochlorothiazide (25mg od) 10 = =

bid = twice daily; GITS = gastro intestinal therapeutic system; od = once daily; = no significant change; | = reduced; 1 = increased; * = p <
0.05 vs basal; # = p < 0.05 vs placebo; T = p < 0.05 vs untreated; ¥ = p < 0.05 vs hydrochlorothiazide.
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induced by lisinopril. However, in this study only tensive patients with type 2 diabetes, Baba &8l
lisinopril significantly reduced BP, an effect which found that enalapril and nicardipine, a dihydropyri-
can at least partially explain the greater reductiondine calcium antagonist, similarly reduced BP and
in UAE induced by this drug. In a sequential study UAE and increased GFR after treatment for 1 month.
without a placebo control, Fioretto et@&#8l found Seven double-blind, randomised studies further
that in patients with type 1 diabetes and hyperten-compared long term renal effects of different anti-
sion cilazapril was more effective than verapamil hypertensive drugs (table II). In these studies BP
sustained release in reducing UAE and that theirwas reduced similarly with all drugs, and in 4 of 7
combination at a reduced dose induced a morestudies ACE inhibitors were more effective in re-
marked reduction in UAE than single drug treat- ducing UAE than conventional treatmé#S] ni-
ment. In the same study, these authors found thatedipine retaré44162land nitrendipiné!®4 How-
verapamil was more effective than nifedipine in ever, calcium antagonists did not chaiég'54or
decreasing UAE. significantly reduc@44 UAE and, similarly to ACE
Taken together, the above reported studies innhibitors, did not significantly change GFR. In 2
normotensive patients with type 1 diabetes suggesbther studies, in which patients received cilazapril
the following conclusions. First, ACE inihibitors or amlodipiné“él and enalapril or nitrendip-
are effective in reducing microalbuminuria and ine['63lthe ACE inhibitor and the dihydropyridine
this effect is at least partially independent of BP calcium antagonist similarly and significantly re-
reduction (see section 1.2). Secondly, along-actingduced UAE, and similarly tended to red{i¢él or
nifedipine formulation can significantly reduce significantly increasé#? GFR. There is as yet no
microalbuminuria, while a less long-acting formu- clear explanation of the different GFR outcome in
lation can increase UAE, a finding that suggeststhese 2 studies. Finally, Ruggenenti ef&} found
the smoothness and duration of action of this drugthat after 14 weeks enalapril tended to reduce
may be relevant in its intrarenal effect (see sectionUAE, while nitrendipine tended to increase UAE,
1.2). Thirdly, there are no data concerning the ef-while after 1 year neither drug changed UAE and
fect of nondihydropyridine calcium antagonists on both significantly increased GFR.
microalbuminuria in normotensive patients with ~ Taken together, the above data from hyperten-
type 1 diabetes. However, in hypertensive patientssive patients with type 2 diabetes indicate that ACE
with type 1 diabetes verapamil seems to be morénhibitors and some dihydropyridine calcium an-
effective than nifedipine sustained release, but lessagonists reduced UAE and either improved or did
effective than ACE inhibitors in reducing micro- not worsen GFR.
albuminuria. Furthermore, the combination of ver-
apamil with an ACE inhibitor seems to exert an  3.2.3 Patients with Type 1 and Type 2 Diabetes

additive effect in lowering UAE. Studies have been performed in a mixed group
of patients with type 1 and type 2 diabetes, who
3.2.2 Patients with Type 2 Diabetes were either normotensil#5.166] or hyperten-

The effect of antihypertensive drugs on UAE sive[t67] and in groups who had a mixture of hy-
and GFR of patients with type 2 diabetes has beempertension and normotensi#i8! In patients with
evaluated in several controlled studies with differ- normotension long term treatment with enala-
ent designs (table 11). In normotensive patientspril65 and lisinopril*¢®! significantly reduced
with type 2 diabetes 5-year treatment with enal-UAE as compared with placebo without signifi-
april stabilised UAE and renal function, evaluated cantly changing GFR, while in a 12-month, pro-
as mean reciprocal creatinine, which significantly spective, non-controlled trial nitrendipine signifi-
increased in the placebo grolip? In a double- cantly reduced UAE and increased GER]In the
blind, randomised, cross-over study without a pla-Melbourne Study%8] normotensive and hyperten-
cebo group conducted on a small group of hyper-sive patients with type 1 and type 2 diabetes were
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randomised to receive perindopril or nifedipine ficacy of ACE inhibitors in reducing UAE and
retard for 1 year. Both the ACE inhibitor and the again indicate that a similar effect can be exerted
dihydropyridine calcium antagonist significantly by dihydropyridine calcium antagonists in a mixed
reduced BP and did not change UAE, while in pa-group of patients with microalbuminurea and type
tients with hyperfiltration both drugs decreased 1 and 2 diabetes. Moreover, both drugs either amel-
GFR. Taken together, these studies confirm the efiorated or did not worsen GFR.

Table II. Effect of antihypertensive drugs on mean blood pressure (MBP), microalbuminuria and renal function in patients with type 2 diabetes
mellitus (non-insulin-dependent diabetes mellitus; NIDDM)

Reference Drugs (dosage) No. of Treatment MBP Microalbuminuria Renal function
patients duration (GFR)
Normotensive patients: double-blind, randomised, placebo-controlled study
Ravid et al.l59 Enalapril (10mg/day) 49 5 years = = =
Placebo 45 = I IS

Hypertensive patients double-blind, randomised, crossover study

Baba et al.[160] Enalapril (5-10mg bid) 7 4 weeks L* L =
Nicardipine (20-40mg bid) L* L* =
Double-blind, randomised, without placebo control group studies
Chan et al.[144] Enalapril (20mg od) 21 1 year L* L =
Nifedipine retard 15 L L =b
(20-40mg bid)
Lacourciére et al.**%1  Captopril [C] (25- - Capt 3years L 1t =
50mg bid) C alone or
combined
withHn=9
Metoprolol [M] (50- - Conv Treat Conv Conv Treat® = Conv Treat® =
100mg bid) (H/M/M+H) Treat® 1 *
Hydrochlorothiazide [H] n=12
(12.5-25mg bid)
Ruggenenti et al.l'1  Enalapril (5-20mg od) 8 Shortterm 14 1 * Lt =
weeks, long
term 1 year
Nitrendipine (10-40mg od) 8 L* = =
L* = T*
L = *
Agardh et al.162 Lisinopril (10-20mg od) 168 1 year L 1t =
Nifedipine retard 167 L = =b
(20-40mg bid)
Velussi et al.[*46] Cilazapril (2.5-5mg od) 9 3 years L L =
Amlodipine (5-10mg od) 9 1* 1* =
Mosconi et al.[63] Enalapril (5mg od- 6 27 months = L *
10mg bid)
Nitrendipine (10mg 7 1* 1* T*
0d-10mg bid)
Pifiol et al.l64 Enalapril (10-20mg od) 15 6 months L Lt =
Nitrendipine (20-40mg od) 13 L* = =

a l/creatinine (reciprocal creatinine).
b Creatinine clearance.
¢ Conventional treatment indicates treatment with hydrochlorothiazide, metoprolol or their combination.

bid = twice daily; GFR = glomular filtration rate; od = once daily; = = no significant change; | = reduced; 1 = increased; * = p < 0.05 vs
baseline; T = p < 0.05 vs control drug/drugs.
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3.2.4 Progression to Overt Nephropathy 3.3.1 Effect on Proteinuria and Glomerular

The effect of antihypertensive drugs on progres-  Filtration Rate
sion from incipient to overt nephropathy, i.e the  This topic has recently been reviewe®l and
progression from micro- to macroalbuminuria, hasthe antiproteinuric effect of antihypertensive drugs
been evaluated in several controlled studies withwas previously discussed (see section 1.2). Early
different designs both in normotensive patientssequential studies indicated that captopril exerted
with type 1 and 2 diabetes, and in hypertensivea significant antiproteinuric effect in patients with
patients with type 2 diabetes and incipient ne-type 1 diabetes and severe diabetic nephrop&ihy
phropathy (table 111). Overall, these studies indi- and in patients with type 2 diabet&4% However,
cate that ACE inhibitors are more effective in pre- another stud$’!! showed no significant effect of
venting the progression to overt nephropathycaptopril on severe proteinuria in patients with
compared with no antihypertensive treatment intype 2 diabetes and renal insufficiency. Subsequent
normotensive patients with type 1 diabet¥8]  shortand long term studies with different protocols
and with placebo in normotensive patients with have documented the antiproteinuric action of
type 1 diabete8?2154155lype 2 diabeté® and  ACE inhibitors both in patients with type 1 and
type 1 and 2 diabetd®>1%IACE inhibitors have  type 2 diabetes (tables IV and V). In patients with
also been shown to be more effective compareqype 198.173.177)gnd in those with type!*4.181.183]
with a thlaglde d!uretlc,. hydrochlo.roth|a2|de, in" diabetes various dihydropyridine calcium antago-
normotensive patients with type 1 diabét#8and g4 id not significantly change urinary protein
with conventional treatment in hypertensive pa- oy cretion with the exception of 2 short term stud-
tients with tYPe 2 diabete#!>1%9) o ies, in which urinary protein excretion was signif-

In 2 studies the effect of an ACE inhibitor was icantly reduceti®®! or increasedt® On the other
compared with that of a dihydropyridine calcium hand, nondihydropyridine calcium antagonists
antagonist, demonstrating a slight but nonSigniﬁ'diItiaz’erﬁ97v1°7v180] and verapami? 188l signifi-
C‘?‘”‘ .grleater eﬁigacy of Iisin(?pril cqmpare.d with cantly reduced urinary protein excretion.
nifedipine retard in hypertensive patients with type With selectiveB-blockers urinary protein excre-

2 diabeted!®?l and similar efficacy of lisinopril . ; . : .
and nifedipine GITS in normotensive patients with tion was either not changed in patients with type 1
diabeteB74 and with type 2 diabet&g.184.187]gr

type 1 diabeteE4° Thus, these data indicate that ~.“ " :
ype - mianete us, these data incicate tha significantly reduced in typel’8l and type 2178l

ACE inhibitors exert a significant protective action h \ ined h d when thiazide di
in preventing progression to overt nephropathy inWhereas it remained unchanged when thiazide di-

. - . . . . i i 9] i i -
normotensive patients with microalbuminuria and uretics were given alof#é®l or combined with guan

type 1 and type 2 diabetes. This effect is also tryelacinel®” Furthermore, in 1 study the combination

for patients with microalbuminuria, hypertension ©f lisinopril with verapamifo] further reduced
and type 2 diabetes. Moreover, 1 study showed thaProtéin excretion as compared with each drug

long-acting nifedipine formulatioF49] patients with type 1 and 2 diabetes who received

ACE inhibitors, urinary protein excretion was sig-
nificantly reduced in normotensive patieft%)]
remained unchanged in normotensive and hyper-
tensive patient820.191lwhile no modification was
The renal protective action of antihypertensive induced by a dihydropyridine calcium antago-
drugs has been evaluated by taking into account theist!*!
effect on proteinuria and GFR, as well as that on  The different effect on proteinuria of various
creatininaemia doubling and on hard end-pointsantihypertensive drugs cannot be explained by dif-
such as incidence of ESRF and mortality. ferent effects on BP, the only exception being 1

3.3 Secondary Prevention:
Overt Nephropathy
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Table Ill. Studies on progression to overt nephropathy

Reference Drugs (dosage) Treatment duration ~ Progression to overt nephropathy
[no. of patients (%)]

Patients with normotension and type 1 diabetes mellitus (insulin-dependent diabetes mellitus; IDDM)
Mathiesen et al.l*47] Captopril (25-100mg od) + bendroflumethiazide 4 years 7/23 (30) untreated
(bendrofluazide), dosage unknown
0/21 (0) treated

Hallab et al.[156] Enalapril (20mg od) 1 years 1/11 (9)#
Hydrochlorothiazide (25mg od) 6/10 (60)
Viberti et al.l52 Captopril (50mg bid) 2 years 4146 (9)*
Placebo 12/46 (26)
Laffel et al.l154 Captopril (50mg bid) 2 years 4167 (6)*
Placebo 13/70 (19)
Microalbuminuria Captopril Captopril (50mg bid) 2 years 8/111 (7.2)*
Study Group, 1996[5%
Placebo 25/114 (21.2)
Crepaldi et al.[149] Lisinopril (20mg od) 3years 2/32 (6.3)*
Nifedipine GITS (30-60mg od) 2/26 (7.7)*
Placebo 7/34 (20.6)
Patients with normotension and type 2 diabetes mellitus (non —insulin-dependent diabets mellitus; NIDDM)
Ravid et al.l59 Enalapril (10mg) 5 years 6/49 (12)*
19/45 (42)
Patients with type 1 or type 2 diabetes mellitus
Marre et al.[16%] Enalapril (20mg od) 1 year 0/10
Placebo 3/10 (30)
O'Donnel et al.[1%] Lisinopril (10mg od) 1 year 0/12
Placebo 3/15 (20)
Patients with hypertension and type 2 diabetes mellitus
Lebovitz et al.l*69] Antihypertensive treatment including: enalapril 3 years 2/30 (7)t
(20mg od/bid) or placebo
Conventional treatment 8/38 (21)
Lacourciére et al.l*4] Captopril (25mg bid) 3 years 2/30 (7)t
Conventional treatment: metoprolol (50mg bid) + 8/38 (21)
hydrochlorothiazide (12.5mg bid)
Agardh et al.l162 Lisinopril (10-20mg od) 1year (3.8)
Nifedipine retard (20-40mg bid) (6.9)
Patients with normotension or hypertension and type 1 or 2 diabetes mellitus
Melbourne Diabetic Perindopril (2-8mg od) 1 year 0/20
Nephropathy Study Group,
199111681
Nifedipine retard (20-80mg od) 0/23

bid = twice daily; GITS = gastro intestinal therapeutic system; od = once daily; * = p < 0.05 vs placebo; # = vs hydrochlorothiazide; T = vs
conventional treatment.

study in hypertensive patients with type 1 diabetestreated) studid¥5-197] have shown that conven-
and renal insufficiendy’! (tables IV and V). tional antihypertensive therapy slows the decline
As far as GFR is concerned, 3 longitudinal be- in GFR in hypertensive patients with type 1 diabe-
fore-versus-after therapy within group comparisontes. In a retrospective study the decline in GFR in
trials192-194 and 3 comparative (treateds un-  patients with type 2 diabetes was significantly
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smaller in hypertensive patients with well control- various antihypertensive drugs. The exception has
led BP than in patients with uncontrolled BE]  been 4 randomised studies. In these studies nondihy-
Therefore, as also shown by meta-anal{/8€3l  dropyridine calcium antagonists did not chalge
BP control is a clear determinant of slowing the or slowed the decline in GFR as compared with a
decline in GFR in hypertensive patients with overt B-blocker!®”1 ACE inhibitors similarly slowed the
nephropathy. decline in GFR?"! reduced GFR"l or did not
Studies of patients with type 1 diabetes, in change GFR, which was reduced by a dihydropyri-
which treatment was 6 months, indicate that ACE  dine calcium antagoni$#3 and by a vasodilatd#gs]
inhibitors did not chang€&/2174177lincreased’  Taken together, these data indicate, in agreement
or reducel 6% GFR, whereas dihydropyridine with previous meta-analyses performed on studies
calcium antagonists did not change GER!  published until the beginning of 199284 that
Lisinopril reduced GFR to a significantly greater ACE inhibitors and nondihydropyridine calcium
extent than nisoldipin&8 Moreover,3-blockers  antagonists are particularly effective in reducing
did not changé’ or reducet’>1761 GFR (table proteinuria in patients with type 1 and 2 diabetes
V). and overt nephropathy. However, there is not so
In studies of patients with type 2 diabetes andclear evidence that these drugs offer additional ad-
normal or reduced GFR (table V) receiving treat- vantages in ameliorating or slowing the decline in
ment for= 6 months, there does not seem to be anyGFR in type 2 diabetes patients when the BP low-
significant difference in effect on GFR between the ering effect is taken into accoul§#]

Table IV. Effect of antihypertensive drugs on mean blood pressure (MBP), proteinuria and renal function in patients with type 1 diabetes
mellitus (insulin-dependent diabetes mellitus; IDDM)

Reference Drugs (dosage) No. of patients Treatment MBP (mm Hg) Proteinuria  Renal function
duration (GFR)

Patients with normotension in an open randomised study
Parving et al.172 Captopril (25-100mg od) Treated: 15 1 year # 1# =
Untreated: 17 = = =

Patients with hypertension in an open randomised crossover study
Holdaas et al.[!73] Lisinopril (20mg od) 12 3 weeks L 1*t =
Nifedipine retard (20mg bid) 1* = =

Open randomised parallel-group study

Bjorck et al.lt74] Enalapril (20mg od) + 22 2-3 years L [ =
furosemide (50 mg/day)
Metoprolol (100mg od) + 18 = = =
furosemide (120 mg/day)

Double-blind, randomised parallel-group study

De Cesaris et al.17] Enalapril (20mg od) 10 8 months L I *
Atenolol (100mg od) 10 1* Ind L*
Elving et al.['78] Captopril (25-50mg tid) 15 2 years L L L
Atenolol (50-100mg od) 14 1* Ind L*
Norgaard et al.l177] Spirapril (6mg od) 7 6 months L 1+t =
Isradipine sustained 8 L* =
release (5mg od)
Rossing et al.%8] Lisinopril (10-20mg od) 24 1 year L 1*t 1*t
Nisoldipine (20-40mg od) 25 L* = 1*
bid = twice daily; GFR = glomular filtration rate; od = once daily; tid = three times daily; * = p < 0.05 vs baseline; = = no significant change;

| = decreased; t = increased; # = p < 0.05 vs untreated; T = p < 0.05 vs dihydropyridine calcium-antagonist; ¥ = p < 0.05 vs metoprolol.
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Table V. Effect of antihypertensive drugs on mean blood pressure (MBP), proteinuria and renal function in patients with type 2 diabetes mellitus
(non-insulin-dependent diabetes mellitus; NIDDM)

Reference Drugs (dosage) No. of Treatment MBP Proteinuria  Renal function
patients duration (mm Hg) (GFR)

Double-blind, randomised crossover studies of patients with normotension

Stornello et al.[l78] Enalapril (5mg od) 12 6 months = I =
Atenolol (50mg od) = Ind =

Patients with hypertension

Stornello et al.[10] Captopril (50mg bid) 12 4 weeks I I
Nicardipine (20mg tid) ! L* =
Nicardipine + captopril Ind L*

Stornello et al.l*7 Enalapril (20mg od) 12 6 weeks ! L !
Chlortalidon (12.5mg od) 1 1 1
Atenolol (50mg od) 1* 1* =

DeMarie et al.[18% Diltiazem LA (100mg bid) 14 6 weeks I I =
Nifedipine SR (30-60mg od) Ind T* L*

Randomised crossover study

Bakris et al.[181] Diltiazem (392mg od) 15 1 month I L+t =
Nifedipine SR (84mg od) L* = =
in patients treated with clonidine

Patients with hypertension in parallel-group, double-blind, randomised placebo-controlled study

Lebovitz et al.l*69 Antihypertensive treatment 28 3 years = L =
including: enalapril (20mg od/bid)
Placebo 18 = = =

Bauer et al.l182 Enalapril (5-40mg od) 18 18 months LR e L
Placebo 15 = = L*

Open-label randomised, without placebo control group studies
Bakris et al.l*7] Lisinopril (10-40mg od) 8 13 months L L L

Verapamil (240-480mg od) 8 Ind Ind =
Hydrochlorothiazide (12.5-25mg 6 1* = 1
od) + guanfacine (1-3mg od)
Lisinopril (10-25mg od) + 8 1* * =
verapamil (180-240mg od)
Bakris et al.["] Lisinopril (dosage unknown) 18 8 years 1* 1* =2
Diltiazem (dosage unknown) 8 1* 1* =2
Verapamil (dosage unknown) 10 Ind Ind =2
Atenolol (dosage unknown) 16 Ind = L*
Double-blind randomised, without placebo control group studies
Chan et al.[*44 Enalapril (20mg od) 21 1 year L = =2
Nifedipine retard (20-40mg bid) 15 L* = =2
Ferder et al.183 Enalapril (20mg bid) 18 1 year L 1*t =
Nifedipine retard (10mg qid) 12 1* = 1*
Nielsen et al.[184] Lisinopril (10-20mg od) 16 1 year I L+t I
Atenolol (50-100mg od) 19 1* = 1*
Liou et al.['8%] Captopril (25-75mg od) 24 18 months L L* =
Hydralazine (40-200mg od) 18 1* = 1*
Fogari et al.[188] Ramipril (5mg od) 20 6 months L L* =2
Nitrendipine (20mg od) 20 L* = =2
Nielsen et al.[187] Lisinopril (10mg od) 17 3.5 years I L+t =
Atenolol (50mg od) 19 1* = =

a Creatinine clearance.

bid = twice daily; GFR = glomular filtration rate; LA = long-acting; od = once daily; qid = four times daily; SR = sustained release; tid = three
times daily; * = p < 0.05 vs baseline; = = no significant change; | =decreased; 1 = increased; # = p < 0.05 vs placebo; ¥ = p < 0.05 vs nifedipine;
1 =p <0.05 vs atenolol.
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3.3.2 Effect on Creatininaemia Doubling and on ide] (100% of patients) or other antihypertensive
Hard End-Points _ drugs such aa-blockers, hydralazine and minox-
. The be;t way 1o assess the _renal protective aCgil (76% of patients) was permitted. Mean BP on
tion of antihypertensive drugs is to evaluate thelran average 4.5 year follow-up was 99 and 101
effect on cregtininaemia dqub!ing and on so-called, 3mm Hg in the groups treated with verapamil and
hard e.”d[;g’;’]'”ts' such as mudtzaglo]ce of ESRF anda—ltenolol, respectively, and proteinuria was reduced
mortality/1°lIn 1993, Lewis et al:*l reported the to a significantly greater extentin the group treated

S?r:i:z:lft?allar'?ﬁ'pset?;eﬁ do(?u:(ljed-rglglandatr.aer:](tzlsom.ltshedwith verapamil. Data obtained so far show that the
ni lal. This trial Involv pati wi rate of decline in creatinine clearance and the inci-

ggzti:‘ir?;zlzizz’sp:gt%r; urrr:a(i?o(amgr/g;?—/n;g? dence of a 50% or more increase in creatininaemia
) gy, PP Y were significantly lower in the group treated with

0 : ’
75%) of whom were hypertensive and were bemgverapamil than in the group treated with atenolol.

treated with antihypertensive drugs other thanThus, this open study in a small number of patients

ACE inhibitors and calcium antagonists, princi- suagests that a nondihvdroovridine calcium antad-
pally diuretic agents. These patients were random- 99 yaropy 9

; ; . . . _ onist can slow the progression of overt nephropa-
ised to receive captopril 25mg 3 times daily (n = thy in Afri Ameri ith tvpe 2 diabetes t
207) or placebo (n = 202). At 3-year follow-up the y in Affican Americans with type < diabetes to a

risk, adjusted for mean BP, creatininaemia doy-greater extent than @blocker.

bling was significantly reduced by 43%, and the TO ourk_nowledge,t_here are no ongoing trials in
risk of secondary combined end-points of death,patlents with type 1 diabetes and overt nephropa-

dialysis and transplantation by 46% in the groupthy aimed at evaluating the renal protective action

treated with captopril. Subgroup analysis showed®f other.antlhypertenswe.drugs, such as-caltl:lum
that captopril reduced the risk of creatininaemia 2NtagONIsts or AJ-antagonists, or the combination

doubling by 4, 40 and 74% in the subgroups with of a calcium antagonist with either an ACE inhib-

baseline creatininaemia of 1.0, 1.5 and 2.0 mg/dI,t0r Or an AT;-antagonist. In contrast, 2 ongoing

respectively. Moreover, captopril significantly re- i@l in patients with type 2 diabetes and protein-
duced proteinuria compared with placebo. Thus,unanIIevalu_ate the renal protectlve_actlon oftwp
this study clearly indicates that captopril has pro-AT1-antagonists, losartan potassium and ir-
tective effects on the kidneys in patients with type Pesartan. The RENAAL study is a double-blind,
1 diabetes and overt nephropathy. In addition, thisrandomised, prospective trial in 1520 patients with
effect was independent of its antihypertensive ac-ypertension, type 2 diabetes, albuminuria >300
tion at least in patients with baseline creatininae-Mg/g and creatininaemia 1.5 to 3.0 mg/dl. Patients
mia of 1.5 to 2.5 mg/dl. A subsequent analysis of Will be randomised to receive Losartan potassium
this study showed that captopril caused a greatek100 mg/day) or placebo in addition to background
reduction in systolic BP and a greater remission ofantinypertensive therapy notincluding ACE inhib-
nephrotic range proteinuria than placebo (16s7 itors. A4-year follow-up will evaluate creatininae-
1.5%). The study also showed that GFR remainednia doubling, ESRF and total mortality as primary
stable in the remission group but declined signifi- end-points, and proteinuria and cardiovascular
cantly in the no-remission grougfl! morbidity and mortality as secondary end-points.
In arecent open stuthf®l 34 African Americans The Collaborative Group Study Trial on Effect
with hypertension, type 2 diabetes, proteinuriaof Irbesartan (CGSTEI) is a prospective, double-
>1.5 g/day and creatinine clearance <80 ml/minblind, randomised, parallel group trial involving
were randomised to receive verapamil sustainedl650 patients with hypertension, type 2 diabetes,
release (n = 18) or atenolol (n = 16), titrated to proteinuria>1 g/day and creatininaemia 1 to 3
maximum dosages of 480 mg/day and 100 mg/daymg/dl in women and 1.2 to 3.0 mg/dl in men. Pa-
respectively. The addition of furosemide [frusem- tients will be randomised to receive irbesartan (75
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to 150 mg/day), amlodipine (2.5 to 10 mg/day) or suggest that ACE inhibitors could be particularly
placebo. A 2- to 4-year follow-up will assess beneficial in prevention of cardiovascular compli-
creatininaemia doubling, ESRF and total mortality cations of hypertensive type 2 diabetes patients.
as primary end-points, and cardiovascular morbid-This hypothesis is in agreement with recent data

ity and mortality as secondary end-points. from the Captopril Prevention Project (CAPP)
trial, which indicates that the incidence of cardio-
3.4 Total Mortality and Cardiovascular vascular events in a subgroup of patients with dia-
Morbidity and Mortality betes mellitus treated with captopril was lower than

) ) ) ~that of patients treated with conventional ther-
Itis beyond the scope of this review to examine g, [210]

this topic extensively. However, it should be kept Dihydropyridine calcium antagonists also seem

in mind that coronary and cerebrovascular diseaseg, haye cardioprotective effects, or at least are not
are the main cause of morbidity and mogglzléty PMN- deleterious, considering in particular the striking
C|Ipal!y in E)_atutants.tvr\]n:h typledz %'at%%tgg but cardiac protection seen in the HOT study among
aiso in patients with type L diabetes: i 1501 patients with diabetes mellitus receiving a
There is some evidence that total and Card'ovas'dihydropyridine calcium antagoni@&+212n the

cular mortality is reduced in patients with diabetic context of the United Kingdom Prospective Diabe-
nephropathy receivir;? antihypert.ensive tre.at_menges Study (UKPDS), 1148 hypertensive type 2 dia-
;/net:asnussifir;% ttrr(]a:rt?eﬁ%tor?]nirlg dp\?vtiltin:thﬁﬁzl\tczgt- betic patients were randomised either to tight con-
[207] by P : .~ trol of blood pressure (758 patients), aiming for BP
ment#®” Recently the study in the hypertensive <150 to 85mm Hg, or to a less tight control of BP
cohort of the ABCD trial was suspended since the(390 atients) a'm,'n for 2 BP <180 to 105mm H
incidence of fatal and nonfatal myocardial infarc- n thepfolrmer g’;n;ugl) gatients were further randorg'-

tion was significantly lower in the group treated . . A .
with enalapril compared with those receiving ised to receive an ACE inhibitor, captopril (400

nisoldipinel2°8] However, these findings were pgtients) of @'blOCk?,r' atenolol (358 patients)
based on a secondary end-point of the study and th¥/!th the possible addition of other drugs, such as
rate of myocardial infarction among patients as-urosemide, slow release nifedipine, methyldopa
signed to nisoldipine therapy was not significantly @1d_Prazosin. In the latter group, treatment with
different from that in other studies of patients with ACE inhibitors orB-blockers was not included. In
type 2 diabete08] a median follow-up of 8.4 years the group assigned
In another recent open label, randomised study!© tight !BP control showed a signifi.cant-reduction
the FACET triall209 380 patients with hyperten- N the risk of fgtal -and no.nfa}tal diabetic macro-
sion, type 2 diabetes and microalbuminuria <40Vascular complications, principally fatal and non-
pg/min, although randomised to receive fosinopril fatal strokes. Microvascular disease outcomes,
or amlodipine, were in effect treated with fosino- Principally retinopathy, were also reduced as com-
pril (n = 131), amlodipine (n = 141) or the combi- Pared with the group assigned to less tight con-
nation (n = 108). Although the intention-to-treat trol.[2*3 Data concerning the outcome of renal mi-
analysis showed that the cumulative incidence ofcrovascular disease showed that the group under
myocardial infarction, stroke and hospitalised an-tight BP control exhibited a significant reduction
gina was significantly lower in patients receiving in risk of microalbuminuria¥50 mg/L) and a non-
fosinopril (7.4%) than in those treated with amlo- significant reduction in risk of proteinuria=800
dipine (14.1%), analysis of post-randomisation mg/L), while plasma creatinine levels and the pro-
data indicates that the incidence of cardiovasculaportion of patients who had a two-fold increase in
events was even lower in patients receiving theplasma creatinine did not significantly differ be-
combination therapy (3.7%). Thus, these 2 studiesween the 2 group®3! Moreover, captopril and
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atenolol were equally effective in reducing the risk renal lesion$?2% However, in a recent pilot study
of fatal and nonfatal macrovascular and microvas-of the AASK Trial, data of renal biopsies in African
cular complication$24l Thus this study indicates Americans without diabetes or marked proteinuria
that tight BP control is the most successful thera-but with hypertension and mild to moderate renal
peutic approach aimed at reducing fatal and nonfainsufficiency are consistent with the clinical diag-
tal complications in diabetic patients irrespective nosis of hypertensive nephrosclerod!

of treatment used. The relevance of tight BP con-  Microalbuminuria, which is found in about 10
trol designed to reduce BP < 130/85mm Hg is fur- to 40% of patients with uncomplicated essential
ther supported by the HOT study data in a subsehypertensior223lis considered a marker of cardio-
of 1501 diabetic patien8l and by recent WHO-  yascular risk since it represents the renal expres-
ISH guidelined?**l Ongoing trials in patients with  sjon of generalised disorder characterised by in-
type 1139 and type #3221ldiabetes (BENEDICT,  creased endothelial permeabili#§3-225 It has
RENAAL, CGSTEI) will offer additional informa-  peen reported that in patients with mild to moder-
tion on the potential benefit of different treatments zte essential hypertension microalbuminuria is as-
in reducing total mortality and cardiovascular mor- gqciated with impaired functional reseriges]

bidity and mortality. blunted renal vasodilation response to ACE inhibi-
tion 118l salt sensitivit{?2”)and renal vasoconstric-
tion.[2281 However, there is no evidence that
The renal protective action of different antihy- microalbuminuria could predict the development
pertensive drugs must be evaluated by taking intoand/or represent a marker of nephrosclerosis.
account those factors which are known to influenceTherefore, the effect of various antihypertensive
the progression of renal insufficiency. These fac-drugs on this parameié#-233lcannot be taken as
tors include baseline proteinuria, the antiprotei- evidence of renal protection.
nuric effect (see section 1.2) as well as the degree Uncontrolled long term studies have suggested
of BP reduction (see section 1.1). Other confound-that in patients with essential hypertension conven-
ing factors are include intrinsic renal lesions, tional treatment migh#34! or might not23! prevent
which are a well known determinant of the rate of renal deterioration, and that ACE inhibitors can
progression of renal insuﬁicien@ﬁx”’?”]as well preserv&36-238] or improvd?39l renal function in
as the degree of renal insufficieni¢}:?"1Data on  patients with normal or moderately impaired renal
short term studies are reviewed elsewf€r&®l  function. Controlled studies in patients with essen-
and therefore we will examine only long term stud- tjal hypertension and normal renal function sug-
Ies. gest that ACE inhibitors can preserve renal func-
tion better thal#% or similarly td24% 3-blockers.
Uncontrolled long term studi®§! suggest that in

Hypertensive nephrosclerosis is considered taPatients with essential hypertension and renal in-
be one of the most common causes of ESRF in théufficiency calcium antagonists improve or do not
US and Europe, with a greater prevalence in Afri- change renal function.
can Americanél?l The increasing incidence of  In patients with nephrosclerosis, mostly (89%)
ESRF as a result of this disease is a paradox conAfrican Americans, reduction in DBP to between
sidering the improvement in the treatment of hy- 86 and 83mm Hg induced by various drug combi-
pertensioril23.219 However, it may be overesti- hations improved renal functidft?l An extension
mated because of failure to recognise other causef this study showed that similar DBP values were
such as ischaemic nephropatth; 221l atheroem-  associated with a slowing of decline in GFR both
bolic renal disease (cholesterol embolisati#)22t]  in African Americans and Caucasia8$! How-
episodes of accelerated hyperten&i&hor other  ever, it has been reported that in some of these

4. Nondiabetic Nephropathy

4.1 Hypertensive Nephrosclerosis
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patients ACE inhibitors can cause a marked and Aprospective, randomised, parallel group study
reversible increase in creatininaer®#! A sub-  in a small number of patients with hypertension
group analysis of the Angiotensin-converting- and IgA nephropathy showed that enalapril and ni-
enzyme Inhibition in Progressive Renal Insuffi- fedipine at 1-year follow-up similarly reduced BP
ciency (AIPRI) Trial showed that in patients with and did not change GFR, while only enalapril
nephrosclerosis the incidence of creatininaemiatended to reduce proteinuréll
doubling was low, precluding any evaluation ofthe  In conclusion there is some evidence, but no
possible benefit of benazepril treatmé&#t! Thus,  conclusive proof, that ACE inhibitors can exert
both prevention and treatment of nephrosclerosisyreater renal protection than conventional treat-
remain an unsolved problem and additional con-ment. Furthermore, calcium antagonists can exert
trolled studies with a long term follow-up and an a similar renal protective action to ACE inhibitors
appropriate sample size of patients with hyperten-despite their lack of effect on proteinuria.
sive nephrosclerosis are needed.
The AASK study has been planned to evaluate
the effects of 2 levels of BP control (mean blood 43 Diverse Nephropathies
pressure [MBP] = 92 and between 107 to 102mm
Hg) and of 3 drug regimens (amlodipine, atenolol ~ Long term uncontrolled studig8252-254and
and enalapril) in slowing the rate of GFR decline 0ne controlled stud}#®l have indicated that ACE
in African Americans with hypertensive nephro- inhibitors are effective in reducing BP and protein-
sclerosis and with mild to moderate renal insuffi- uria and that these drugs may preserve renal func-
ciencyl222l Recent data from the AASK pilot tion orreduce the rate of decline in renal function
study?46lindicated that at 3 months GFR tended to in patients with various nondiabetic nephropathies.
increase in the atenolol recipients and even moréVloreover a single-blind, randomised study in 70
in the group treated with amlodipine, while de- patients with severe renal insufficiency showed
creasing in the group treated with enalapril. that enalapril as compared with conventional treat-
ment slowed the decline in GFR and reduced pro-
teinuria. A similar number of patients (10 of 35 on
4.2 1gA Nephropathy enalaprilvs 13 of 35 on conventional therapy) had
ESRF, while the interval time (1V¥s 18 months,
Two nonrandomised, comparative, retrospectiverespectively) to ESRF was also similar in the 2
studie&47-248land one before-versus-after stfd§  groupsi25®!
have indicated that in patients with hypertension  Two long term uncontrolled studi®g%-2571and
and IgA nephropathy, ACE inhibitors can slow the one controlled long term stuéy8! have indicated
decline in renal function without changifi¢®! or  that calcium antagonists are effective in reducing
with significantly reducing*”-248lproteinuria. The  BP and in slowing the progression of renal failure.
effect of the ACE inhibitor was greater than that of |n a single-blind randomised study in a small num-
conventional treatmer® of various drug combi-  ber of patients with stable renal function enalapril
nation&4"land ofB-blocker$?48lwith a greaté?4®!  and nicardipine similarly reduced BP and did not
or similaf247-248lreduction in BP. change creatinine clearance, while only enalapril
An open nonrandomised study reported that cre-significantly reduced proteinurl&® Overall, these
atinine clearance was unchanged in a small numbelong term studies, also reviewed elsewHe$€2218]
of patients with hypertension and IgA nephropathy suggest a similar beneficial effect of ACE inhibi-
treated with nifedipine or nicardipine or with tors and calcium antagonists in reducing the rate of
captopril or enalapril, while proteinuria was re- decline in GFR, despite a possible divergent effect
duced only in the patients treated with an ACE in- on proteinuria, in patients with nondiabetic ne-
hibitor.[250] phropathies.
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More relevant information derives from recent trol treatment based mainly on calcium antagonists
controlled long term studies, which evaluated thein patients with mild proteinuric hypertension and
renal protective effect of 2 different drug classes, diverse nondiabetic nephropathies.

i.e comparative studies, or of one drug class versus Two studies comparing ACE inhibitors aiftd
placebo added to existing antihypertensive drugsdlockers offered quite divergent results. Hanne-
(table VI). One studi®% showed that captopriland douche et a8 reported that enalapril slowed the
nifedipine retard similarly reduced BP and slowed rate of progression of renal failure more than aten-
the decline in renal function as compared with 1 olol or acebutolol, with a significantly lower num-
year of conventional treatment. Moreover at 3-yearber of patients reaching ESRF in the group treated
follow-up proteinuria was similar and non signifi- with enalapril. In contrast, van Essen et?4f! re-
cantly reduced in both groups. The percentage otently reported that enalapril and atenolol simi-
patients reaching the end-point of the study, i.elarly slowed the rate of progression of renal failure,
ESRF, was nonsignificantly higher in the nifedi- with a slightly greater number of patients reaching
pine group compared with the captopril group. ESRF in the group treated with enalapril. However,
However, this study has 2 main caveats. First, BPthere are relevant differences between these 2 stud-
was greatly and significantly reduced by both ies. In the latter trial patients had relatively well
drugs and this can explain the beneficial effect of preserved renal function, only mildly elevated BP
captopril and nifedipine as compared with conven-and modest proteinuria. In addition, a greater num-
tional treatment. Secondly, the relatively small ber of patients had polycystic kidney disease, a ne-
number (37 patients in each group) of patients whophropathy whose evolution is poorly influenced
completed the follow-up might have obscured aboth by BP reductio#3”] and treatment with one
significant difference in the occurrence of ESRF ACE inhibitor[245] Finally, there was a significant
between the 2 groups. reduction in proteinuria even during atenolol treat-

A recent open, randomised Italian study, the ment compared with the former study.

LEOPARD (Lisinopril Effects On Pressure And  Three placebo-controlled studies evaluated the
Renal Damage) trial, has evaluated 121 patientsffect of ACE inhibitors on different outcomes of
with mild proteinuria (0.5 g/day), hypertension renal function. In a small number of patients with
and chronic renal failure (creatinine clearance 20proteinuria and markedly depressed renal function,
to 50 ml/min), whose BP was well controlled by enalapril significantly reduced proteinuria, which
lisinopril or other drugs (79% were receiving cal- increased in the placebo group, greatly reduced BP
cium antagonists) in a 3-month titration phd&8€!  and slowed the rate of decline in renal functié#!

On 20 month follow-up BP reduction in the In the largest trial published so far, the AIPRI
lisinopril group was similar to results in patients study{?45! benazepril significantly reduced the oc-
treated with the other drugs, and proteinuriatendecturrence of a primary end-point, creatininaemia
to be greatly reduced in the group treated withdoubling, but it also reduced BP and proteinuria,
lisinopril, in which the rate of decline of creatinine which tended to increase in the placebo group.
clearance was significantly lower than in the con-Only 2 patients reached the other primary end-
trol group. GFR, measured by inulin clearance, didpoint, i.e. ESRF. After adjustment for differences
not change in the group treated with lisinopril but in BP the difference in primary end-points between
declined in the control group. Furthermore, in the the 2 groups was less marked but still significantly
lisinopril and control groups, respectively, 3 and 6 lower in the group treated with benazepril.
patients had creatininaemia doubling and/or halv- Subanalyses of this study offered interesting sug-
ing of GFR, with 2 and 5 patients reaching ESRF. gestions. First, the benefit of benazepril was detect-
These data suggest that ACE inhibitors may haveable in patients with glomerular disease (n = 192),
a greater renoprotective action compared with con-diabetic nephropathy (n = 21) or miscellaneous or
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Table VI. Controlled long term studies in miscellaneous of nondiabetic nephropathies

Reference Trial plan Drug (dosage) No. of Basal GFR Treatment BP Proteinuria Renal function No. of patients
patients  (ml/mine1.73m2) duration with ESRF (%)
Comparative study: ACE inhibitors and calcium antagonists vs conventional treatment (CT)
Zucchelli et al.[260] DB, R Captopril (12.5-50mg bid) 60 NR 3 years 1*t = A GFR, Cl creat, 7/60 (11.6%)
1/SCr captopril =

nifedipine retard
better than CT

Nifedipine retard (10-20mg bid) 61 L *t = 14/61 (23%)

Comparative studies: ACE inhibitors  vs B-blockers

Hannedouche et al.[2611 O, R Enalapril (5-10mg od) 52 24.8 3 years L* 1* A GFR enalapril = 10/52 (19%)#
[B-blocker
Acebutolol (400mg od) or 48 26.6 L* = 1/SCr enalapril 17/48 (35%)
atenolol (100mg od) better than B-blocker
van Essen et al.[262] DB, R Enalapril (10-40mg od) 43 55.5 39years ¥ LA A GFR enalapril = 5/43 (11.6%)
atenolol
Atenolol (50-100mg od) 46 50.9 I T 2146 (4.3%)

Placebo-controlled studies

Ihle et al.[263] DB, R, PC Enalapril (5mg od) 36 14.3 2 years LR L A GFR, Cl creat, 7136 (19%)
1/SCr enalapril
better than placebo
Placebo 34 15.1 = T* 9/34 (26%)
Maschio et al.[245] DB, R, PC Benazepril (10mg od) 300 429 3 years L I DCr 31/300 (10.3%)#
Placebo 283 42.3 (Cl creat) = = 57/283 (20.1%)
Remuzzi et al.[264] DB, R, PC Ramipril (2.5-5mg od) 78 40 2 years = L DCr 18/78 (23%)# 17/78 (21.8%)
Placebo 88 37 = = 40/88 (45%) 29/88 (32.9%)

bid = twice daily; BP = blood pressure; Cl creat = creatinine clearance; DB = double blind; DCr = doubling creatininaemia; GFR = glomerular filtration rate; NR = not reported; O =
open; od = once daily; PC = placebo-controlled; R = randomised; 1/SCr = reciprocal serum creatinine; = = no significant change; * = p < 0.05 vs baseline; | = decreased; 1t =
increased; # p < 0.05 vs control drug(s) or vs placebo; T = p < 0.05 vs 1 year of conventional treatment.
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unknown renal disorders (n = 104), but not in thoseramipril. During follow-up, BP control, protein-
with polycystic kidney disease (n = 64). The num- uria and the rate of GFR decline was similar in both
ber of primary end-points was too small in patients groups, but the incidence of ESRF was greater in
with nephrosclerosis (n = 97) and interstitial ne- patients switched to ramipril, a finding explainable
phritis (n = 105) to allow any conclusion. Sec- by the fact that these patients showed lower GFR
ondly, the benefit was greater in patients with mild values at the end of core study. Thus this follow-up
than in those with moderate renal insufficiency andstudy suggests that the earlier the treatment is
most obvious in patients with proteinuria >1 g/day. started in patients with nondiabetic nephropathy
Finally, an unexpected excess of cardiovasculamand severe proteinuria (>3 g/24 hours), the higher
mortality was found in the group treated with the ability of an ACE inhibitor to provide protec-
benazepril. However, the intention-to-treat data oftion from ESRF.

the extension of this study on amean 6.6 year follow-  Finally, a recent meta-analysis, including some
up indicated that patients randomised to takeof the already reported studies and unpublished
benazepril in the core study showed a significantdata, indicated that the pooled relative risk for
reduction in hard end-points, such as need for di-ESRF was reduced by about 30% in patients re-
alysis, transplantation or renal-related death, with-ceiving ACE inhibitors without significant in-
out any increase in total mortali®! crease in mortalit{Z58]

The relevance of proteinuria and of the anti-  Overall, these studies provide the following in-
proteinuric effect of ACE inhibitors in slowing the formation. First, although there is no doubt that
progression of renal failure was further reinforced ACE inhibitors can be beneficial in slowing the
by arecent trial, the Ramipril Efficacy in Nephrop- progression of renal failure, it is still unclear
athy (REIN) study. The objective of this study was whether this benefit is particularly evident in pa-
to evaluate the effect of ramipril versus conven-tients with mild renal insufficiend$*5! or, more
tional treatment on the rate of decline in GFR in controversially, in patients with more advanced re-
relation to the drug’s antiproteinuric effect, as pri- nal failure[255.261,263.2695econdly, it is still unclear
mary end-point, and on other secondary end-pointsvhether ACE inhibitors and calcium antagonists
including creatininaemia doubling or progression possess a similar nephroprotective efff8é65]
to ESRF. The patients had mainly unknown glo- and whether ACE inhibitors exert a greater renal
merular renal disease prestratified for 2 values ofprotection tharf3-blockers only in patients with a
proteinuria (stratum 1: 1.0 to 2.9 g/day and stratumhigher degree of hypertension, proteinuria and re-
2: 3.0 g/day)2%4 The study was interrupted in 166 nal insufficiencyl261.2621Finally, the beneficial ef-
patients in stratum 2, since in the group treatedfect of ACE inhibitors seems to be restricted to
with ramipril there was a significantly lower de- patients with significant proteinuria.
cline in creatinine clearance and a lower number of Does the latter finding indicate that renal pro-
patients reaching the combined end-points of cretection is linked to the antiproteinuric effect of
atinine doubling and ESRF, despite similar BP val-these drugs, as indicated by the REIN study? Al-
ues in the 2 groups. Moreover, in this study pro- ternatively, the beneficial effects can be readily de-
teinuria was greatly and significantly reduced in tected since the progression of renal failure is faster
the group treated with ramiprilvé conventional in the presence of proteinurid®! Another impor-
treatment) and the percentage reduction in proteintant question is whether the renal protective effect
uria was inversely related to the decline in GFR. In can differ according to the underlying nephropa-
the REIN follow-up trial?®”! a small number of thy.2451 Finally, in all these studies ACE inhibitors
patients ending the core stuéf# continued to re- and placebo were superimposed on various back-
ceive ramipril and those originally treated with pla- ground antihypertensive therapies in order to
cebo plus conventional therapy were switched toachieve optimal BP control. Thus, itis appropriate
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to suggest controlled trials comparing the effect oftients with diabetic nephropatt®f4 recent data
different rational combinations of antihypertensive suggest that ACE inhibitors can be particularly

drugs on progression of renal failure. beneficial in reducing cardiovascular events in pa-
tients with hypertension and diabetes mellitus and
5. Conclusions that dihydropyridine calcium antagonists do not

worsen or possibly improve the prognosis in these

The renal protective effect of antihypertensive patients. Ongoing trials (see section 3.4) are likely
drugs is linked to 2 mechanisms. First, reduction into offer additional information. Moreover there is
BP is a fundamental prerequisite common to allno evidence that treatment with an ACE inhibitor
antihypertensive drugs. However, although there isincreases total mortality in patients with nondia-
some evidence that BP should be reduced tmetic nephropathies.
130/85mm Hg in patients with diabetes mellitus  Further information is needed in order to under-
and to 125/75mm Hg in patients with nondiabetic stand renal protection. First, information is re-
nephropathy and proteinuria >1 g/day, the exactquired on the role of antihypertensive drugs in the
definition both of BP normality and of the level to primary prevention of diabetic nephropathy, atopic
which BP should be reduced remain to be estabwhich is under investigation in patients with hyper-
lished. Ongoing controlled trials will probably help tension and type 2 diabetes. Secondly, the possibil-
to answer these questions. Secondly, intrarenal agGty that rational combinations of antihypertensive
tions on mechanisms such as glomerular hypertendrugs may be more effective than sing|e drugs su-
sion and hypertrophy, proteinuria and probably perimposed on previous treatments in slowing the
mesangial cell proliferation and endothelial dys- progression of renal disease needs to be ascer-
function, which can cause and/or worsen renal fail-tained. This topic is under investigation, to our
ure, seem to be relevant for the renal protectiveknowledge, only in patients with incipient diabetic
action of some drug classes. ACE inhibitors pos-nephropathy. Thirdly, information is needed on the
sess such properties, which seem to be a class efenal protective action of different drug classes in

fect, in agreement with the finding that renal pen- nephrosclerosis, a topic which is under investiga-
etration of different subclasses of these drugs isjon in hypertensive African Americans.

similar[274 Finally, in nondiabetic nephropathies the com-

Calcium antagonists, also exert beneficial intra‘parative renal protective action of various drugs,
renal effects with possible differences among sub-incjuding AT, antagonists, still remains to be eval-
classes and pharmaceutical preparations. It reyated, as does their potential beneficial effects in

mains to be evaluated whether A&ntagonists patients with mild proteinuria and with different
exert intrarenal actions similar to ACE inhibitors gegrees and causes of renal failure.

as well playing a role in slowing the progression of
diabetic and nondiabetic nephropathies, an issue
which is under evaluation in patients with type 2  References
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