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cholesterolemia and the increased coagulation tend-
ency, both characteristic for the nephrotic syndrome.
In addition, because both hyperlipidemla (76) and
activation of coagulation processes In the glomerular
capillaries (77) have been associated with the patho-
genesis of glomerubosclerosls, the correction of such

abnormalities during antiproteinuric treatments has
been postulated to favor renal function outcome. A

key and unresolved question, however, is whether
the lowering of proteinuria by itself may contribute

to a better renal function outcome. It has indeed been
shown in different animal models that proteinuria
precedes the development of gbomerulosclerotic le-

sions ( 1 6,7 1 ,78-80). Moreover, the observation that
intact nephrons are the primary origin of proteinuria

in subtotal nephrectomy (8 1 ), whereas severely dam-
aged glomeruli contribute little to proteinuria, is con-
sistent with this primary role for proteinurla In ml-
tiating gbomerulosclerosis. This led Remuzzi and Ber-
tani (22) to argue that gbomerulosclerosis is the

consequence (instead of the cause) of altered gbomer-
ular permeabIlity to macromolecules. If this holds
true, treatments that lower proteinuria should also
lead to a better renal function preservatIon. Indeed,

a reduction in urinary protein excretion has been
found to be associated with a marked protection
against the development of glomerubosclerotic lesions
in various animal studies, indicating that the two
phenomena may be causally related. The antiprotein-
uric regimens described above, particularly the low-

protein diet ( 1 1 - 1 3) and ACE inhibition (1 4- 1 7) in-
deed have been used to prevent the progressive renal
function deterioration observed in different animal

models. However, what evidence is available that
these antiprotemnuric regimens will also improve
renal function outcome in humans?

The beneficial effect of NSAID on renal function
outcome thus far has only been studied retrospec-
tively (40,82). Patients who received antiproteinurlc

treatment with indomethacin progressed more slowly
to end-stage renal failure than did the patIents who
were not treated with the NSAID (40). It appeared In
a subgroup analysis that the patients with a normal
serum creatinine before treatment had more benefit
from the NSAID treatment than did those with a
raised serum creatinine level (40), suggesting that
such intervention may only be successful in the set-

ting of relatively well-preserved renal function. We
should await the results of prospective clinical trials
before definitive conclusions on the potential benefit
of NSAID can be drawn.

With respect to the effects of dietary protein re-
strIction on renal function outcome, the results are
quite promising (83-9 1). Some caution in the inter-
pretation of these results, however, seems war-
ranted. Most of these studies were retrospective, did
not use an ideal GFR marker, did not achieve similar

blood pressure levels in the different groups, or did
not study sufficient numbers of patients to detect
any possible differences between the response in
different subgroups. It has been alleged (89), al-
though not universally (88), that the beneficial effect

of the low-protein dIet appears to be restricted to
some distinct subgroups: patients with primary gb-
merular diseases may respond better than patients

with nephrosclerosis or adult polycystic kidney dis-
ease (85,86,89). Thus, before definite conclusions
can be drawn, we have to await the results from the
large, multicenter trials that are currently being con-
ducted both in Europe and in the United States.

Different studies have evaluated the effect of ACE
inhibitors to retard progressive renal function decline

both In diabetic (92-94) and nondiabetic (95-97)
renal disease. In diabetics, Bj#{246}rcket al. (92) showed
that GFR declined less steeply in 1 4 patients with
diabetic nephropathy after the ACE inhibitor capto-
pril was added to the previous antihypertensive reg-

imen. Because blood pressure during the treatment
with captopril also decreased, it Is difficult to con-

dude from those data whether the renal protection
was due to a characteristic effect of the ACE inhibitor

or to the better blood pressure control. It has indeed
been demonstrated in retrospective analyses in dia-
betic nephropathy that therapy of uncontrolled hy-
pertension-Independent of the antihypertensive

treatment modality-by itself will improve renal
function outcome (65,66). The same bias makes it

possible to draw definitive conclusions from the stud-
les that show a better renal function outcome in
diabetes treated with an ACE inhibitor as compared
with that in a group that received no antihyperten-

sive therapy (93,94). To define whether the ACE
inhibitor really is superior in this respect, a control
group with equally effective blood pressure lowering
with another antihypertensive is required. Recently,
Bjorck et at. (98) indeed showed in a prospective,

open, randomized study that enalapril reduced the
rate of decline in kidney function in patients with
diabetic nephropathy more than equally effective
antihypertensive treatment with metoprolol (98). Of
interest in this respect are the data of Reisch et at.
(99), who studied 80 hypertensive patients with im-

paired renal function. This initially retrospective
study, followed by a prospective extension (96),

showed that patients receiving an ACE inhibitor pro-
gressed more slowly to end-stage renal failure than
did patients who were on antihypertensive treatment
but who were not receiving an ACE inhibitor,
whereas blood pressure was equally well controlled
in both groups. Again, It Is too early to draw definite
conclusions and the results of ongoing, prospectively
randomized controlled trials should be awaited.

Preliminary, but as yet not definitive, evidence
thus suggests that strategies that lower urinary pro-
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tein excretion may also reduce progressive renal
function decline. This may be achIeved by afferent
vasoconstriction (preload reduction), by efferent vas-

odilatlon (afterload reduction), or by a combination
of both. The precautions mentioned in the interpre-

tation of the studies on the potential of these regi-
mens to prevent renal function decline may, how-
ever, Indicate that there Is no straIghtforward rela-

tlonship between the antiprotelnuric and renal
protective mechanism of action of the different treat-
ments. It may well be that the fall in proteinuria that
is present within a few days in the case of the NSAID
(2,3,39) or a few weeks in the case of the ACE Inhib-
itors (4,48) or the low-protein diet (7-9) is mediated
predominantly by a fall in P�, whereas in the long

run, factors, such as metabolic (1 00- 1 02), coagula-
tion ( 1 03, 1 04), growth promoting (1 05, 1 06), and oth-
ers, will also contribute to the effect of these regi-
mens to retard progressive renal function decline.

WHAT QUESTIONS REMAIN TO BE SOLVED?

As Indicated before, we are as yet far from drawing
definite conclusions for clinical practice. Even If the
ongoing trials with the different treatment modalities

give proof that successful intervention is possible,
the question remains as to which patient groups will

benefit most from which type of treatment? In that
respect, we should learn from the past decade, in
which many trials tried to document the beneficial

effect of low-protein diets. After all of these years, it
is still unanswered which individuals will benefit
most. Although it is tempting to study any type of

intervention In a form of renal disease that is rapidly
progressive (as In diabetic nephropathy), it may well
be that precisely the patients with a more slow pro-

gresslon to end-stage renal failure will benefit the
most. It may moreover be valid to assume that an
intervention will have the best result when It Is

started In a relatively early phase of the disease, In
which situation It may be many years before a statis-
tically sIgnificant difference can be detected. If all

three treatments (protein restriction, ACE inhibitors,
and NSAID) may be effective in protecting renal func-
tion, will there be specific subgroups in which one

treatment may be preferable to another? If, as has
been suggested, dietary protein restriction is not ef-
fective in polycystic kidney disease, will ACE inhibi-
tors be renoprotective in those patients? Are ACE
inhibitors superior to low-protein diets in hyperten-
sive patients with renal disease? Similarly, as has
been shown for patients with diabetic nephropathy
(107), should blood pressure be lowered even if no

hypertension exists? Can It be predicted after short-
term treatment in an individual patient whether he

or she will have a better renal function outcome

during prolonged treatment? If so, It would be very
helpful for a better motivation of both the doctor and

the patient to use the drug or the diet for many years.
One should consider whether a fall in urinary protein
excretion and/or a change in renal hemodynamics

that generally can be detected within a few weeks
after the start of the treatment may Indicate that

prolonged treatment in that patient will result in a
renoprotective effect. All of these issues should be
taken into account when starting any future Inter-
ventlon trials, because the ongoing trials may not be
able to answer all of the above questions.
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