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Double-blind, randomized controlled studies of
longer than 1 week in duration comparing the
antiproteinuric potential of long-acting
dihydropyridine calcium channel blockers with
that of angiotensin converting enzyme (ACE)
inhibitors are lacking. Therefore, we performed
such a study in patients with nondiabetic renal
disease and proteinuria.

After a 4-week wash-out period in which
patients did not use any medication known to
affect proteinuria, 21 patients were randomized in
a double-blind fashion to receive either the
calcium channel blocker amlodipine (Amlo, 5 to 10
mg) or the ACE-inhibitor lisinopril (Lis, 5 to 10
mg). Throughout the 16-week study period, blood
pressure, creatinine clearances, and proteinuria
were measured every 2 weeks. In addition, device-
measured blood pressure and renal hemodynamic
studies were performed at the start and end of the
study. Systolic blood pressure fell in the Lis group
from 163 66 7 (SEM) to 140 66 8 mm Hg (P << .01)
and from 157 66 10 to 147 66 6 mm Hg in the Amlo
group; diastolic blood pressure fell from 101 66 3 to
86 66 7 mm Hg in the Lis group and from 98 66 3 to

91 66 2 mm Hg in the Amlo group. Renal
hemodynamics were not affected by amlodipine
treatment, whereas a fall in glomerular filtration
rate (GFR) was seen in lisinopril-treated patients
(from 55 66 11 to 50 66 10 mL/min; P << .01).
Amlodipine did not significantly affect proteinuria.
Lisinopril induced a decline in the protein-
creatinine ratio with a maximal effect reached after
12 to 16 weeks of therapy (from 0.39 66 0.17 to 0.26
66 0.11 g/mmol; P << .009).

In conclusion, we could not demonstrate an
antiproteinuric effect of the long-acting
dihydropyridine calcium channel blocker
amlodipine, whereas therapy with the ACE-
inhibitor lisinopril resulted in a decrease in
proteinuria. Amlodipine did not affect renal
hemodynamics, whereas lisinopril induced a fall in
GFR. Am J Hypertens 1998;11:1074–1079 © 1998
American Journal of Hypertension, Ltd.
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In several experimental models of chronic renal
insufficiency the treatment of the concomitant
hypertension is associated with reduced devel-
opment of proteinuria and an attenuated pro-

gression of renal failure.1,2 It has been postulated that
a reduction in proteinuria can best be achieved by
treatment with angiotensin converting enzyme (ACE)
inhibitors by means of their reduction of maladapted
glomerular hypertension,3 thus granting these agents
superior renoprotective effects. In other models, how-
ever, it has been demonstrated that calcium channel
blockers could be equally effective in reducing pro-
teinuria and in prevention of the development of glo-
merular sclerosis, albeit without affecting glomerular
hypertension.4

In human renal failure it has been demonstrated
that proteinuria is an independent risk factor for pro-
gression of renal disease.5 Many clinical studies have
revealed that the ACE inhibitors possess a substantial
antiproteinuric effect, as documented in several re-
cently published reviews.3 The effect of calcium chan-
nel blockers on proteinuria is less well established. In
some studies in patients with diabetic nephropathy,
an increase in proteinuria was observed during treat-
ment with nifedipine, whereas in other studies a de-
crease in proteinuria was found. In a recent review,
Weidmann et al concluded that calcium channel
blockers may be able to reduce proteinuria only if a
substantial reduction in systemic blood pressure is
achieved.6 Six studies have compared the effects of
calcium channel blockers and ACE inhibitors on pro-
teinuria or albuminuria in patients with nondiabetic
renal failure.7–12 In the only study with a double-blind
design, treatment duration was just 8 days and pa-
tients had relatively mild amounts of albuminuria.9 Of
the remaining five studies, four had a parallel and one
a cross-over design.8 Thus, no double-blind random-
ized parallel studies of longer than 1 week’s duration
comparing the antiproteinuric effect of ACE-inhibitors
with that of calcium channel blockers are available.

We therefore performed a randomized double-blind
study in proteinuric subjects with nondiabetic renal
failure, comparing the antiproteinuric potential of the
dihydropyridine calcium channel blocker amlodipine
with that of the ACE-inhibitor lisinopril, proven to be
an effective proteinuria reducing agent in this clinical
situation.13 Amlodipine was chosen because most tri-
als concerning the antiproteinuric effect of calcium
channel blockers have used agents with short or very
short half-lives.7–12

PATIENTS AND METHODS

Patients between ages 18 and 70 years were eligible if
they had nondiabetic renal disease with proteinuria
exceeding 1.5 g/day and a creatinine clearance of $ 20
mL/min. Diastolic blood pressure had to be # 100

mm Hg with antihypertensive treatment or # 115 mm
Hg without medication. Exclusion criteria were a his-
tory of intolerance or allergy to amlodipine or lisino-
pril, malignant or accelerated hypertension, active au-
toimmune diseases or active vasculitis, aortic or mitral
valve stenosis, myocardial infarction or stroke within
6 months before the study, known severe atheroscle-
rotic disease, renal artery stenosis, autonomic neurop-
athy as evidenced by symptomatic postural hypoten-
sion, hematuria, hyperkalemia (. 5.3 mmol/L),
clinically significant abnormality of the hepatic, hemo-
poietic, or endocrine system, pregnancy or lactation,
and women of reproductive age unless adequate con-
traceptive measures were taken. The use of cyclo-
sporin, aspirin, or nonsteroidal antiinflammatory
drugs, including the ones that can be bought over-the-
counter, was not allowed. Finally, patients with a his-
tory of alcoholism, drug abuse, psychosis, antagonistic
personality, poor motivation, or other emotional or
intellectual problems that were likely to invalidate the
informed consent or limit the ability of the subject to
comply with the protocol requirements were ex-
cluded.

Before the start of the study, approval of the Hos-
pital Medical-Ethical Committee had been obtained.
All patients gave their written informed consent at
entry in the study.

Patients adhered to a salt-restricted diet of 5 g/day.
They were instructed to continue their habitual pro-
tein intake and no changes in the protein content of
the diet were prescribed.

Throughout the study period, patients were seen at
2-weekly intervals. After a wash-out period of 4
weeks, in which no use of any medication known to
affect renal function or proteinuria was allowed, pa-
tients were randomized to receive in a double-blind
fashion either amlodipine or lisinopril, both starting at
a dose of 5 mg once daily. During the wash-out period
a diastolic blood pressure of # 115 mm Hg was ac-
cepted. If the blood pressure exceeded this limit, 75 mg
clonidine three times a day was added until the study
medication was started. If, after 2 weeks of study
medication the diastolic blood pressure exceeded 95
mm Hg, the dose was doubled for both drugs. If
subsequently the diastolic blood pressure still ex-
ceeded 115 mm Hg, 75 mg clonidine three times a day
was added. In case of fluid retention (ie, edema), fu-
rosemide was given.

At each visit blood pressure (measured in the su-
pine and standing position), weight, and pulse rate
were measured. At the start of the study, blood pres-
sure was measured after 5 min resting in the supine
and upright position at both arms. At each follow-up
visit blood pressure was measured at the arm present-
ing the highest blood pressure at the first visit after 5

AJH–SEPTEMBER 1998–VOL. 11, NO. 9 EFFECT OF LISINOPRIL AND AMLODIPINE ON PROTEINURIA 1075



min of rest in the supine position. For measurement of
diastolic blood pressure Korotkoff phase V was used.
After the 4-week wash-out phase and at the end of the
study period (days 28 and 140) blood pressure was
also measured with a semicontinuous blood pressure
measuring device (Nippon Colin BP 103 N Sphygmo-
manometer, Hayashi, Komakicity, Japan) every 10
min for 1 h. The mean of six recordings was used. At
these timepoints glomerular filtration rates (GFR) and
effective renal plasma flows (ERPF) were measured as
the clearance of constantly infused 125I-iothalamate
and 131I-hippurate, respectively.14 Filtration fractions
(FF) were computed by dividing GFR by ERPF.

Twenty-four–hour collections of urine were ob-
tained at 2-weekly intervals for determination of Na1,
urea, creatinine, and total protein. Blood samples were
drawn every 4 weeks to determine Na1, K1, urea,
creatinine, and total protein. Determinations of Na1,
K1, urea, creatinine, and total protein in serum and
Na1, K1, urea, and creatinine in urine were performed
on an automated random-access analyzer (Hitachi
747, Hitachi/Boehringer Mannheim, Mannheim, Ger-
many). Urinary protein was determined using a benz-
ethonium chloride turbidimetric method. Patient com-
pliance was evaluated by counting leftover pills at the
end of the study.

Statistical Analysis Results are presented as
means 6 SEM. In addition to absolute proteinuria,
urinary protein loss is presented as protein-creatinine
ratio of 24-h urine collections to compensate for pos-
sible incorrect urine sampling. Analysis of variance
techniques (ANOVA) for repeated measurements
were used to compare within- and between-the-
groups changes in protein-creatinine ratio, manually
measured blood pressure, pulse rate, body weight,
and serum determinations. To compare within the
groups the pre- and posttreatment values of device-
measured blood pressure, GFR, and ERPF, paired-
sample t tests were used, and for between-groups
analysis, independent sample t tests were used. Com-
mercially available software was used (SPSS [SPSS
Inc., Chicago, IL] for Windows [Microsoft, Redmond,
WA]).

Codes of study medication were broken only after
the statistical analysis was finished.

RESULTS

Twenty-one patients, 10 male and 11 female, were
included in the trial. One patient dropped out of the
study when a carcinoma of the right ovary was found
2 weeks after initiation of the study medication. All
other patients completed the study. There were 11
patients (M/F: 5/6) in the lisinopril (Lis) group and
nine (M/F: 5/4) in the amlodipine (Amlo) group. The
demographics of the patients, serum creatinine con-

centrations, and creatinine clearances at baseline, as
well as the mean doses of the study medication that
the patients used, are listed in Table 1. In Lis-treated
patients four patients were switched to the higher dose
(10 mg), whereas in the Amlo-treated group only one
patient received the higher dose. The underlying renal
diseases are presented in Table 2.

At baseline, hand-measured supine systolic blood
pressure averaged 163 6 7 mm Hg, diastolic blood
pressure being 101 6 3 mm Hg in Lis-treated patients,
a value not significantly different from that of Amlo-
treated patients (157 6 10 and 98 6 3 mm Hg, respec-
tively). After 16 weeks of therapy, hand-measured
blood pressure had fallen in the Lis-treated patients
(systolic, 140 6 8; diastolic, 86 6 7 mm Hg; P # .001 for
difference in systolic as well as in diastolic blood val-
ues), but the fall in blood pressure only reached sta-
tistical significance for diastolic blood pressure in the
Amlo-treated patients (systolic, 147 6 6 mm Hg, P 5
NS; diastolic, 91 6 2 mm Hg; P # .05 for difference
with baseline). Likewise, the device-measured blood
pressure fell after 16 weeks of Lis (systolic from 163 6
7 to 134 6 6 mm Hg and diastolic from 93 6 3 to 78 6
3 mm Hg; P # .001 for both differences), whereas the
fall in blood pressure was not statistically significant
after 16 weeks of Amlo (systolic from 155 6 5 to 145 6

TABLE 1. BASELINE CHARACTERISTICS OF
LISINOPRIL-TREATED AND AMLODIPINE-

TREATED PATIENTS AND AVERAGE DOSE USED

Lisinopril Amlodipine

Age (years) 47 6 3.2 48 6 3.9
Serum creatinine (mmol/L) 206 6 40 185 6 25
Creatinine clearance (mL/min) 56 6 10 52 6 8
Total proteinuria (g/24 h), 4.2 6.2

range 1.8–1.6 1.5–15
Mean dose used (mg/day) 6.8 6 0.8 5.5 6 0.6

TABLE 2. UNDERLYING RENAL DISEASES

Lisinopril
(n)

Amlodipine
(n)

Membranous glomerulopathy 2 3
Chronic pyelonephritis 3 2
Membranoproliferative

glomerular nephropathy 2 1
IgA nephropathy 1 1
Hypertensive

glomerulosclerosis 2 0
Adult polycystic kidney

disease 0 1
Focal glomerulosclerosis 1 0
Hereditary nefritis (Alport’s

Syndrome) 0 1
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4 mm Hg, diastolic from 88 6 4 to 83 6 1 mm Hg, both
differences, P 5 NS). This unexpected effect of Amlo
could be attributed to one patient who had an unex-
plained deterioration of blood pressure control
throughout the study period. If this patient was ex-
cluded, device-measured systolic blood pressure fell
from 156 6 6 to 142 6 3 mm Hg, and diastolic blood
pressure from 90 6 3 to 82 6 2 mm Hg (P # .05 for
both differences) in the Amlo-treated patients. In one
patient of each group clonidine was added because of
hypertension out of range of the target blood pressure.
Furosemide was given to another two patients (one in
each group) because of fluid retention.

The renal hemodynamic effects of Lis and Amlo are
given in Table 3. Neither agent affected ERPF signifi-
cantly. However, GFR fell 10% in the Lis-treated pa-
tients (P # .05) but remained unchanged in the Amlo-
treated patients. Consequently, FF fell during Lis
therapy but remained unchanged during Amlo ther-
apy. Creatinine clearances did not change significantly
throughout the study period in either group (data not
shown).

In Lis-treated patients proteinuria decreased signif-
icantly. At 16 weeks the protein/creatinine ratio had
fallen from 0.39 6 0.17 to 0.26 6 0.11 g/mmol (P #
0.05; Figure 1). After correction for the lisinopril-in-
duced fall in GFR, the decrease in proteinuria per-
sisted and reached a maximum effect 12 to 16 weeks
after initiation of therapy. In Amlo-treated patients
urinary protein excretion did not change significantly.
The difference in proteinuria between groups at base-
line was not statistically significant, whereas at 16
weeks it was (P # .05).

Throughout the study period patient body weights
and pulse rate, serum urea, creatinine, or total protein
concentrations did not change in Lis- or in Amlo-
treated patients. Serum potassium concentration
showed a slight rise during Lis therapy (from 4.4 6 0.2
to 4.7 6 0.2 mmol/L; P # .001) but decreased during
Amlo therapy (from 4.1 6 0.1 to 3.9 6 0.1 mmol/L;
P # .05). Urinary 24-h sodium excretion did not
change during the study period (in Lis-treated pa-
tients, 126 6 23 mmol/day at baseline; 127 6 21 after
16 weeks; 101 6 14 and 103 6 18 mmol/day in the
Amlo group, respectively).

Counting remaining tablets revealed that the pa-
tients’ compliance was 90 6 2% in Lis- and 88 6 2% in
Amlo-treated patients (P 5 NS).

DISCUSSION

In the present study we demonstrated in a double-
blind fashion that lisinopril treatment reduced pro-
teinuria substantially whereas amlodipine treatment
did not affect proteinuria in nondiabetic patients with
proteinuria. The observation that the lisinopril-in-
duced decrease in proteinuria persisted and reached a
maximum effect 12 to 16 weeks after initiation of ther-
apy is in agreement with other studies,13,15 and sug-

FIGURE 1. Protein-creatinine ratios. *Significantly
different from baseline (P , .01) and from amlodipine
(P , .05). **P 5 NS from baseline.

TABLE 3. RENAL HEMODYNAMICS AT THE
START AND AFTER 16 WEEKS OF TREATMENT

WITH LISINOPRIL OR AMLODIPINE

Lisinopril Amlodipine

0 Weeks 16 Weeks 0 Weeks 16 Weeks

CFR (mL/min) 55 6 11 50 6 10* 45 6 8 45 6 8
ERPF (mL/min) 230 6 42 233 6 42 204 6 44 199 6 48
FF (%) 24 6 2 21 6 2† 23 6 2 25 6 2

GFR, glomerular filtration rates; ERPF, effective renal plasma flow; FF,
filtration fraction.

* P , .01 and † P , .001 v baseline.
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gests that the antiproteinuric effect of ACE inhibitors
is not merely achieved by renal hemodynamic effects
but also by structural changes, ie, improvement of the
permselectivity of the glomerular basement mem-
brane.16

Our observation that amlodipine treatment did not
affect proteinuria and renal hemodynamics is in ac-
cord with several other reports.17 There are, however,
only a few studies that made a direct comparison
between the effect of calcium channel blockers and
ACE inhibitors in nondiabetic subjects. Most such
studies were unblinded and conducted in patients
with microalbuminuria. Ikeda et al,7 in a very short-
term nonblinded trial, compared the effects of the
dihydropyridine calcium channel blocker nifedipine
with captopril in seven proteinuric patients and found
that captopril resulted in a 52% reduction of protein-
uria, whereas nifedipine reduced proteinuria only
modestly (12%). In the only double-blind, randomized
controlled study (of only 8 days’ duration) Kloke et al8

demonstrated a fall in proteinuria of 33% after cilaza-
pril therapy but a 48% rise in proteinuria after nitren-
dipine, a dihydropyridine calcium channel blocker.
Okamura et al9 treated 20 proteinuric patients with
IgA-nephropathy for 1 year in a nonblinded fashion.
These investigators reported a 40% decrease of pro-
teinuria in patients treated with enalapril or captopril.
Patients treated with nifedipine or nicardipine did not
have a change in proteinuria. Piccoli et al10 included
62 patients with different renal diseases and protein-
uria (range, 2.9 to 3.5 g/day) for treatment with ena-
lapril versus three different dihydropyridine calcium
channel blockers (nifedipine, amlodipine, and nitren-
dipine). Whereas proteinuria fell 49% in enalapril-
treated patients, a small increase in proteinuria was
observed in the calcium channel antagonist-treated
patients. Separate analysis for type of dihydropyridine
calcium channel blocker was not done. In a randomized
open study lasting 1 year, Bianchi et al11 compared ena-
lapril with the dihydropyridine nicardipine. Only enala-
pril was effective in reducing albuminuria. Creatinine
clearances remained stable in both groups. Zuchelli et
al12 randomly switched patients with nondiabetic renal
failure after 1 year of treatment with conventional anti-
hypertensive therapy (diuretic, b-blocker, hydralazine)
to either nifedipine or captopril. After 3 years of fol-
low-up, proteinuria had fallen in the captopril-treated
patients but remained unchanged in the nifedipine-
treated patients. In both groups, however, the decline
in renal deterioration was attenuated to the same ex-
tent. Altogether, these studies demonstrate that ACE
inhibitors possess a superior antiproteinuric effect.

In almost all studies that compared calcium channel
blockers with ACE inhibitors, the reported fall in
blood pressure was similar between ACE inhibitors
and calcium channel blockers. In our study, however,
blood pressure responded less to amlodipine than to

lisinopril. Possibly we were slightly more aggressive
in treating hypertension in the lisinopril- than in the
amlodipine-treated group. This is shown by the higher
average dose of medication that the respective groups
received (6.8 mg/day in lisinopril- and 5.5 mg/day in
amlodipine-treated patients). This might in part ex-
plain why we did not see an antiproteinuric effect
during amlodipine treatment. More rigorous lowering
of blood pressure with calcium channel blockers,
therefore, might have resulted in a decrease in pro-
teinuria in nondiabetic patients as well.

Indeed, as stated before, Weidman et al6 demon-
strated, in their metaanalysis on the antiproteinuric
effects of antihypertensive agents in diabetic patients,
that calcium channel blockers reduce proteinuria only
if a substantial fall in blood pressure is achieved.
Likewise, August et al18 showed in a small number of
patients with diverse renal diseases that proteinuria
only decreased when blood pressure reduction was
attained. In the amlodipine-treated group two of five
patients had only a slight blood pressure response, but
lisinopril-treated patients only showed a reduction in
blood pressure if proteinuria at baseline was high. In
a rat study by Bakris et al19 the antihypertensive effect
of amlodipine was smaller than that of the ACE inhib-
itor benazepril and decreased with time, while that in
the benazepril-treated rats persisted. Proteinuria was
comparable to no treatment in the amlodipine-treated
animals whereas benazepril resulted in a significant
decrease in proteinuria.

Experimental studies have revealed that certain cal-
cium antagonists could be more effective in reducing
proteinuria than others. Pelayo et al20 demonstrated in
rats that the phenylalkylamine calcium channel
blocker verapamil reduced proteinuria. The benzo-
thiazepine calcium channel blocker diltiazem reduced
proteinuria in diabetic patients.21 In contrast, dihydro-
pyridine calcium channel blockers have less effect on
proteinuria in several experimental studies.4 This
might be explained by the observation that verapamil
and diltiazem have a vasodilating effect not only on
afferent arterioles but also on efferent arterioles.22,23

The latter will result in a fall in glomerular capillary
pressure, ie, attenuation of glomerular hypertension.
Dihydropyridine-type calcium channel blockers in-
duce vasodilation of afferent arterioles but have no
effect on efferent arterioles.4 This implies that these
agents have little effect on proteinuria unless they
induce a substantial decrease in blood pressure.

To date no studies have reported on the antiprotein-
uric effect of verapamil or diltiazem in nondiabetic
renal disease. Bakris et al demonstrated that treatment
of diabetic patients with either verapamil or diltiazem
induces a decrease in proteinuria.24,25 As mentioned
before, the effects of dihydropyridine calcium channel
blockers on proteinuria are less consistent. Especially
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the dihydropyridine calcium channel blocker nifedi-
pine does not affect or even increases proteinuria,
whereas other dihydropyridine type calcium channel
blockers may reduce proteinuria.4 Altogether, dihy-
dropyridine calcium channel blockers do not seem to
have a significant and consistent antiproteinuric po-
tential.

Evidence, however, has been gathered on the poten-
tial of calcium channel blockers to attenuate mitogenic
effects of growth factors, to reduce the metabolic ac-
tivity of remnant kidneys, to modulate mesangial traf-
fic of macromolecules, and to decrease free radical
formation.4 Apart from the antihypertensive effect per
se, this class of drugs could still have a specific reno-
protective effect by these mechanisms.

In conclusion this double randomized controlled
study shows that amlodipine does not affect protein-
uria in patients with nondiabetic renal failure with
macroproteinuria. In addition we have confirmed that
the ACE inhibitor lisinopril induces a substantial de-
crease in proteinuria, reaching its maximum effect
after several weeks of treatment. Amlodipine did not
affect renal hemodynamics, whereas lisinopril in-
duced a fall in GFR.
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