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Long-Term Treatment With Either Enalapril or Nitrendipine 
Stabilizes Albuminuria and Increases Glomerular Filtration Rate in 

Non-Insulin-Dependent Diabetic Patients 

Piero Ruggenenti, MD, Lidia Mosconi, MD, Laura Bianchi, MD, Liana Cortesi, MD, 
Maurizio Campana, MD, Giorgio Pagani, MD, Giuliano Mecca, MD, 

and Giuseppe Remuzzi, MD 

• The effect of short- (98 days) and long-term (1 year) treatment with nitrendipine (10 to 40 mg/d) and enalapril 
(5 to 20 mg/d) on kidney function was studied prospectively in a parallel group design in 16 microalbuminuric 
non-insulin-dependent diabetic patients with mild hypertension and biopsy-proven diabetic glomerulopathy. At 
the end of the short-term treatment period diastolic blood pressure significantly decreased from 95.4 :<:: 2.5 mm 
Hg to 83.5:<:: 3.5 mm Hg (P < 0.001) in the nitrendipine group and from 96.7 :<:: 2.5 to 86.7:<:: 5.6 mm Hg (P < 0.001) 
in the enalapril group. Both overnight urinary albumin excretion rate and albumin fractional clearance tended to 
increase in the nitrendipine group and to decrease in the enalapril group, whereas the glomerular filtration rate 
and the renal plasma flow were similar to baseline in both study groups. At the end of the long-term treatment 
period diastolic blood pressure significantly decreased from 95.4 :<:: 2.5 mm Hg to 86.0 :<:: 6 mm Hg (P < 0.005) in 
the nitrendipine group and from 96.7 :<:: 2.1 to 90.8 :<:: 4.3 mm Hg (P < 0.05) in the enalapril group. Overnight urinary 
albumin excretion and albumin fractional clearance were similar to baseline in both study groups. The glomerular 
filtration rate significantly increased from 70.2 :<:: 14.2 to 96.8 :<:: 20.4 (P < 0.05) in the nitrendipine group and from 
58.9:<:: 10.7 to 78.5 :<:: 11.0 (P < 0.05) in the enalapril group. The renal plasma flow also significantly increased 
from 456.6 :<:: 165.3 to 597.2 :<:: 178.9 (P < 0.01) in the nitrendipine group. Both treatments were well tolerated. 
Thus, long-term treatment with nitrendipine and enalapril, in addition to controlling blood pressure, prevented 
urinary albumin excretion from increasing with time and increased the glomerular filtration rate. 
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S LIGHTLY increased urinary albumin excre
tion (microalbuminuria) is an early marker 

of renal injury in patients with insulin-dependent 
diabetes (100) and predicts progression of the 
disease to renal failure.1,2 Diabetic patients who 
develop renal insufficiency have nine times the 
risk of death than those who do not. 3 This justifies 
the efforts in finding early markers of renal injury 
and treatments to prevent progression of the dis
ease to renal failure. A defined risk factor for 
diabetic nephropathy is hypertension,4 which ac
celerates renal function decline, while compel
ling evidence has been provided that antihyper
tensives protect from renal disease progression.5.6 

However, not all drugs are equal with regard to 
the renal effects despite the fact that most of them 
effectively reduce systemic blood pressure.7 In 
the last years, attention of the medical commu
nity has concentrated on two classes of drugs that 
seemed more attractive: angiotensin-converting 
enzyme (ACE) inhibitors and calcium channel 
blockers. Angiotensin-converting enzyme inhibi
tors reduced proteinuria and retarded renal dis
ease progression in most studies,s-Il while 
calcium channel blockers decreased, 12-15 in-

creased,16.17 or had no effeces-21 according to dif
ferent molecules and different experimental de
signs. A recent meta-regression analysis of 100 
clinical trials showed that ACE inhibitors effec
tively reduced proteinuria in 100 as well as in 
non-insulin-dependent diabetes (NIDD), even in 
patients who were not hypertensive.22 Moreover, 
at comparable level of blood pressure control, 
patients on ACE inhibitors had less proteinuria 
and better glomerular filtration rate (GPR) than 
patients taking conventional antihypertensive 
agents. However, this analysis did not include 
results of more recent studies with the calcium 
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channel blocker nitrendipine, which also de
creased albuminuria and ameliorated renal func
tion in diabetes.15 The recent study showing that 
the ACE inhibitor captopril, independently from 
blood pressure control, protected against deterio
rating renal function, reduced the need for dial
ysis and transplantation, and reduced the mortal
ity in IDD patients with nephropathy probably 
represents one of the most important advances 
in the renal research of the last 20 years.23 The 
effect of the ACE inhibitor in the above study 
was limited to patients with overt nephropathy. 
Of interest, researchers taking part in the study 
deliberately did not allow calcium channel block
ers in the placebo group to control systemic blood 
pressure. The study left unanswered the question 
of whether patients with microalbuminuria and 
NIDD may also benefit from treatment with an 
ACE inhibitor. 

In addition to diabetic nephropathy, a substan
tial portion of patients with NIDD may have vas
cular disease of the kidney, which limits the 
value of ACE inhibitors due to the risks of renal 
hypoperfusion?4.25 It would therefore be im
portant to establish whether calcium channel 
blockers share with ACE inhibitors the renopro
tective properties. Trials that are being planned 
to answer the above questions will take 4 to 6 
years to be completed and thousands of patients 
will be needed given the slow progression rate 
of diabetic nephropathy in its early phases.26 

Considering that the results of the captopril study 
were predicted by short-term studies with a small 
number of patients when performed in rigorously 
controlled conditions with precise measurements 
of GFR,11 we performed a randomized pilot study 
in patients with NIDD to establish whether enala
pril or nitrendipine reduced micro albuminuria 
and prevented the trend of GFR to decline with 
time. 

PATIENTS AND METHODS 

Patients 
Sixteen non - insulin-dependent, hypertensive, microal

buminuric patients (11 males and five females) with biopsy
proven diabetic glomerulopathy were selected for study par
ticipation. All the patients gave informed consent to enter the 
study according to the Declaration of Helsinki. The patients 
had newly diagnosed or previously treated mild hypertension 
(ie, diastolic blood pressure> 90 mm Hg and < 104 mm 
Hg, measured after at least 2 weeks washout period from 
previous antihypertensive treatment and defined as the mean 
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of three consecutive measurements [Korotkoff phase Vj taken 
2 minutes apart in the sitting position after 5 minutes of rest), 
microalbuminuria (ie, overnight urinary albumin excretion 
rate > 20 j.!g/min and < 200 j.!glmin in two of three urine 
collections over 1 week), and no evidence of urinary tract 
infection or secondary hypertension. At entry HbAlc was 
less than 10% and body mass index was less than 35. All the 
patients had clinically stable diabetes (ie, changes in HbAlc 
< :<::30% compared with HbAlc values 4 months before 
selection), stable body weight (ie, changes in body weight 
< :<::5 kg compared with the body weight 6 months before 
selection), and had been receiving constant treatment with 
diet and/or oral antidiabetic agents and/or insulin for at least 
2 months. The serum creatinine concentration was less than 
1.4 mgldL and serum potassium was 3.5 to 5.2 mmollL. 
Pregnant or potentially child-bearing women with no effec
tive contraception treatment as well as nursing women were 
excluded. Patients with renovascular disease, solitary kidney 
or renal disease other than diabetic nephropathy, heart failure 
(New York Heart Association class III-IV), atrioventricular 
block grade 2-3, symptomatic coronary ischemic disease, 
liver or hematologic disease, collagen vascular disease, can
cer, chronic treatment with cimetidine, steroidal and nonste
roidal treatment within the 2 months before screening evalua
tion, known or suspected intolerance to the study drugs, any 
contraindication to a renal biopsy, and any condition that in 
the investigator's judgment could interfere with the results 
of the study were excluded. 

Study Design 
This was a three-phase, parallel-group study (Fig I) with 

a single-blind placebo run-in phase followed by a randomized 
double-blind treatment phase (short-term study) and a single
blind treatment phase (long-term study). After a prescreening 
evaluation, patients electing to take part in the study entered 
a 2-week washout period from previous antihypertensive 
treatment before starting the 2-week run-in phase (Fig 1). 
During the run-in phase, baseline DAE was measured in three 
consecutive overnight urine collections. The following week 
the clearance studies were performed (baseline evaluations) 
and, before randomization, patients satisfying all the inclu
sion/exclusion criteria and with placebo tablet compliance 
greater than 80% had a transcutaneous renal biopsy per
formed. Patients with biopsy-proven diabetic glomerulopathy 
and no evidence of any other nondiabetic renal disease were 
randomized to a 98-day, double-blind treatment phase with 
the two study drugs (supplied by Bayropharrn Italiana s.r.1., 
Milano, Italy). Nitrendipine was started at the dose of 10 mg 
once daily in the morning plus one tablet placebo once daily 
in the evening. Enalapril was started at the dose of 5 mg 
once daily in the morning plus one tablet placebo once daily 
in the evening. During the titration phase of the study, the 
study drugs were titrated every 2 weeks according to blood 
pressure response. Blood pressure was measured before the 
morning dose of the study drug (trough blood pressure). If 
sitting diastolic blood pressure was greater than 90 mm Hg, 
nitrendipine was titrated to 10 mg twice daily and enalapril 
to 5 mg twice daily. If diastolic blood pressure was greater 
than 90 mm Hg, nitrendipine was titrated to 20 mg twice 
daily and enalapril to 10 mg twice daily. Patients continuing 
the study had trough blood pressure measured every 2 weeks 
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Fig 1. Design of the study. 

until the end of the double-blind treatment period. During 
the last week ofthe short-term treatment period, mean urinary 
albumin excretion (UAE) was measured over three overnight 
urine collections and the clearance studies were repeated 
(short-term evaluations). After the clearance studies, patients 
continued in the study for an additional 1 year of follow-up. 
The last phase of the study was single blind. A physician 
completely independent from the investigators and from the 
sponsor of the study was informed of the randomization list 
and provided additional drugs to the patients in an open fash
ion until the end of the study. Patients were informed not to 
allow the investigators to know which drug they were receiv
ing. Thus, the investigators continued to be blind to the study 
treatments until all the patients had concluded the open phase 
of the treatment period and the analyses were performed. At 
the end of the open phase, the UAE measurements and clear
ance studies were repeated (long-term evaluations). No anti
hypertensive agent other than the study drugs was used 
throughout the entire study period to achieve and maintain 
sitting diastolic blood pressure less than 90 mm Hg. 

Clearance Studies 

Each patient underwent three clearance studies. Inulin, 
para-aminohippurate, and albumin fractional clearances were 
measured in each patient under condition of sustained eugly
cemia.27 A first clearance study was performed at the end of 
the placebo run-in period and is later referred to as baseline 
evaluation. The morning of the clearance studies, patients 
were admitted to a metabolic ward. They were fasting and 
without antidiabetic treatment from the evening before. Be
fore the clearance study, blood glucose concentration was 
checked every 10 minutes and regular insulin was infused 
intravenously whenever required to maintain blood glucose 
concentration at concentrations above 80 mg/dL and below 
120 mg/dL for at least 2 hours. Then, the clearance studies 
were performed during an euglycemic clamp, as previously 
described.27 The last dose of the study drug was administered 
at 8.00 am, approximately 2 hours before the clearance stud
ies. Inulin and para-aminohippurate clearances were mea
sured under a steady state of diuresis induced by water oral 
loading or saline infusion. Exactly the same procedure was 
used for each patient in all the experiments. After induction 
of diuresis, a primed infusion of inulin and para-aminohippur-

ate was started and continued throughout the study to main
tain constant plasma concentrations. After an equilibration 
period of approximately 60 minutes, three exactly timed urine 
collections of about 30 minutes each were taken by spontane
ous voiding. Blood samples were collected at the beginning 
and end of each clearance period. The same urine and plasma 
samples were used for determination of albumin concentra
tion. Albumin fractional clearances were computed as 

where (UIP)Alb and (UIP)'N are the urine to plasma concentra
tion ratios of albumin and inulin, respectively. Sitting systolic 
blood pressure was measured before the morning dose of the 
study drug. Mean lying blood pressure was calculated by 
the three measurements performed at the mid point of each 
clearance period. Exactly the same procedures were used for 
short- and long-term evaluations. 

Laboratory Methods 

Inulin and para-arninohippurate concentrations in plasma 
and urine collections were determined using previously de
scribed methods.28

.
29 Glomerular filtration rate and renal 

plasma flow (RPF) were calculated for the three clearance 
periods using the usual formula. Albumin concentrations in 
plasma and urine samples were determined using a sensitive 
enzyme-linked immunosorbent assay, as previously de
scribed.3D Other laboratory measurements were determined 
by routine laboratory techniques. 

Statistical Analysis 
Results are expressed as mean ::t standard deviation (SD) 

except for overnight UAE, albumin fractional clearance, and 
24-hour urea and sodium excretion, which are expressed as 
geometric means (antilog 95% confidence interval) of the 
logarithms owing to their skewed distribution. Overnight 
UAE and albumin fractional clearances are summarized by 
one mean value of the three measurements performed during 
each study period. Comparability at baseline between the two 
treatment groups was explored by means of an unpaired t
test for continuous data or a two-tailed Fisher's exact test for 
dichotomous data. Baseline and short- and long-term evalua
tions in the two treatment groups were compared using analy-
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Table 1. Clinical and Laboratory Findings at Baseline 

Nitrendipine Enalapril Probability 
(n = 8) (n = 8) Value 

Age (yr) 50 ± 9 55 ± 7 0.30 
Sex (M/F) 5/3 6/2 1.00 
Weight (kg) 84 ± 11 81 ± 9 0.52 
Body mass index 30 ± 3 29 ± 2 0.14 
Duration of hypertension (yr) 3.6 ± 4.5 3.6 ± 5.1 1.00 
Duration of diabetes (yr) 7.5 ± 8.1 11.1 ± 5.3 0.30 
Systolic blood pressure (mm Hg) 156 ± 12 155 ± 20 0.93 
Diastolic blood pressure (mm Hg) 96 ± 3 97 ± 3 0.39 
Blood glucose concentration (mg/dL) 173 ± 73 204 ± 70 0.39 
HbA1C (%) 7.2 ± 2.1 7.6 ± 1.4 0.60 
Retinopathy (yes/no) 3/8 5/8 0.62 
Serum creatinine concentration (mg/dL) 1.0 ± 0.1 1.0 ± 0.1 0.27 
Creatinine clearance (mUmin/1.73 m~ 120 ± 30 91 ± 20 0.04 
Overnight UAE (j.tg/min) 47.9 (26.5-86.5) 58.3 (30.3-110.9) 0.61 

NOTE. Data are given as mean values ± SO, but overnight UAE is given as geometric mean (95% confidence interval); 
see Statistical Analysis section. 

Abbreviation: UAE, urinary albumin excretion. 

sis of covariance to increase the precision of the posttreatment 
comparisons between the two groups considering pretreat
ment values as covariates. Additionally, overnight and frac
tional UAE were analyzed taking into account the three dif
ferent measurements by a repeated measures analysis of 
variance. This was an explorative study, and two-tailed P 
< 0.05 was considered to be statistically significant. 

RESULTS 

All 16 patients selected for the run-in phase 
had histologic confirmation of pure diabetic 
glomerulopathy and entered the double-blind 
treatment period. One patient underwent short
term evaluations on day 84 instead of day 98 
because of unsatisfactory blood pressure control 
(eg, diastolic blood pressure > 90 mm Hg) and 
was then withdrawn from the study. However, 
the treatment duration was considered sufficient 
and the results of the short-term evaluations were 
included in analyses per protocol. Another pa
tient refused to continue in the long-term study 
and was withdrawn. Thus, all 16 patients enrolled 
in the study were included in short-term efficacy 
analysis, whereas only 14 patients (eight random
ized to nitrendipine and six to enalapril) were 
included in long-term evaluations. 

Baseline Evaluations 

Age, weight, body mass index, sitting trough 
systolic and diastolic blood pressures, blood glu
cose concentration, HbAIC, serum creatinine 

concentration, 24-hour urinary sodium and urea 
excretion, and overnight UAE rate at baseline 
were comparable in the two study groups. Creati
nine clearance was slightly but significantly 
lower in the enalapril group than in the nitrendip
ine group (Table 1). One patient in the enalapril 
group was on insulin treatment, six in the enala
pril group and four in the nitrendipine group were 
receiving oral antidiabetic treatment, and the 
other patients were being treated by diet alone. 
None of the patients had a proliferative form of 
diabetic retinopathy. 

Short-Term Study 

At short-term evaluation, between the two 
study groups there was no statistically significant 
difference in weight, body mass index, blood glu
cose concentration, HbAIC, serum creatinine 
concentration, and 24-hour sodium and urea ex
cretion, which were also comparable to baseline 
values. 

Sitting diastolic blood pressure significantly 
decreased, from 95.4 ± 2.5 mm Hg to 83.5 
± 3.5 mm Hg (P < 0.001) in the nitrendipine 
group and from 96.7 ± 2.5 to 86.7 ± 5.6 mm 
Hg (P < 0.001) in the enalapril group; at the end 
of the short-term treatment period it was similar 
in the two study groups. Sitting systolic blood 
pressure decreased, from 155.4 ± 11.6 mm Hg 
to 143.8 ± 12.9 mm Hg (P < 0.05) in the nitren-
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dipine group and from 154.6 ± 19.7 to 146.3 
± 14.8 mm Hg (P = 0.07) in the enalapril group; 
at the end of the short-term treatment period it 
was similar in the two study groups. 

At the end of the treatment period the geomet
ric mean (95% confidence interval) overnight 
UAE increased by 46.8% in the nitrendipine 
group (from 47.9 [26.53 to 86.50] to 70.31 [26.25 
to 188.30]) and decreased by 50.6% in the enala
pri1 group (from 58.25 [30.46 to 111.4] to 28.8 
[9.78 to 84.82]). The differences between the two 
treatment groups adjusted for pretreatment values 
reached a borderline statistical significance (P 
= 0.054); these opposite trends resulted in a sig
nificant difference (P < 0.05) when all the single 
log-transformed values of overnight UAE were 
considered (Fig 2). 

At short-term evaluation, fractional UAE also 
tended to increase (+64.5%) in the nitrendipine 
group and to decrease (-5.0%) in the enalapril 
group. However, both analysis of covariance and 
repeated measures analysis of variance of single 
measurements failed to detect a statistically sig
nificant different trend (Table 2). 

During the clearance studies there was no sta
tistically significant difference in insulin infu
sion, blood glucose, lying systolic and diastolic 
blood pressure, GFR, RPF, fractional filtration, 

I 
Short-term 

... 

I 
Long-term 

and renal vascular resistances between the two 
study groups at baseline and at short-term evalua
tion (Table 2). 

Long-Term Study 

At long-term evaluation, there was no statisti
cally significant difference between the two study 
groups in weight, body mass index, blood glu
cose concentration, HbA1C, serum creatinine 
concentration, and 24-hour sodium and urea ex
cretion, which were also comparable to baseline 
values. 

Sitting diastolic blood pressure significantly 
decreased, from 95.4 ± 2.5 mm Hg to 86.0 ± 6 
mm Hg (P < 0.005) in the nitrendipine group 
and from 96.7 ± 2.1 to 90.8 ± 4.3 mm Hg (P 
< 0.05) in the enalapri1 group; at the end of the 
long-term treatment period it was similar in the 
two study groups. Sitting systolic blood pressure 
numerically decreased, from 155.4 ± 11.6 mm 
Hg to 144.2 :t:: 17.2 mm Hg in the nitrendipine 
group and from 151.7 ± 14.8 to 148.6 ± 9.5 mm 
Hg in the enalapril group; at the end of the long
term treatment period it was similar in the two 
study groups. 

Geometric means (95% confidence interval) 
of overnight UAE at the end of the long-term 
treatment period (39.84 [12.50 to 126.98] in the 
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Table 2. Blood Glucose Concentration, Blood Pressure, Renal Hemodynamics, and Albumin Fractional 
Clearance at Baseline and Short-Term Clearance Studies 

Nitrendipine Enalapril 

Baseline Short-Term Baseline Short-Term 

Blood glucose (mg/dL) 90.7 ± 16.4 93.2 ± 15.9 97.0 ± 18.4 103.1 ± 19.3 
Systolic blood pressure (mm Hg) 156.2 ± 18.4 146.3 ± 20.0 160.8 ± 14.9 156.9 ± 19.8 
Diastolic blood pressure (mm Hg) 88.5 ± 11.7 80.6 ± 8.8 93.3 ± 5.5 93.0 ± 7.8 
GFR (mUmin/1.73 m2

) 70.2 ± 14.2 59.6 ± 18.0 63.3 ± 16.8 65.6 ± 17.1 
RPF (mUmin/1.73 m~ 456.6 ± 165.3 434.0 ± 135.4 404.7 ± 82.9 440.3 ± 210.5 
FF 0.165 ± 0.055 0.142 ± 0.045 0.159 ± 0.39 0.164 ± 0.051 
RVR (mm Hg/mUmin/1.73 m2

) 14.687 ± 4.366 14.669 ± 5.264 16.857 ± 2.821 17.299 ± 5.668 
Albumin fractional clearance 
Geometric mean (94% GI) 0.31 (0.14-0.67) 0.51 (0.16-1.58) 0.21 (0.05-0.78) 0.20 (0.09-0.51) 

NOTE. Data (except albumin fractional clearance) are given as mean values ± SO. No differences between baseline 
and short-term values and between the nitrendipine and enalapril groups are statistically significant. 

Abbreviations: FF, fractional filtration; RVR, renal vascular resistance; GI, confidence interval. 

nitrendipine group and 44.11 [22.95 to 84.79] in 
the enalapril group) were similar and tended to 
decrease from baseline values (47.90 [26.53 to 
86.50] and 61.47 [26.42 to 143.06], respectively) 
in the nitrendipine ( -16.8%) and enalapril 
groups (-28.2%). However, these changes were 
not statistically significant (Fig 2). In addition, 
changes in fractional albumin clearance (+ 19.4% 
and - 22.5% v baseline values in the nitrendipine 
and enalapril groups, respectively) were not sta
tistically significant, and at the end of the long
term treatment period the difference in fractional 
albumin clearance between the two study groups 
was not statistically significant (Table 3). 

During the clearance studies there was no sta
tistically significant difference in insulin infu
sion, blood glucose, and lying diastolic blood 
pressure between the two study groups at base
line and at the end of the long-term treatment 
period (Table 3). Lying systolic blood pressure 
was similar in the two study groups at baseline 
and decreased significantly in the nitrendipine 
group, but was not significantly different in the 
two study groups at the end of the treatment pe
riod (Table 3). Throughout the long-term treat
ment period the GFR increased by 38% in the 
nitrendipine group (P < 0.01) and by 33% in the 
enalapril group (P < 0.05) (Fig 2 and Table 3). 

Table 3. Blood Glucose Concentration, Blood Pressure, Renal Hemodynamics, and Albumin Fractional 
Clearance at Baseline and Long-Term Clearance Studies 

Nitrendipine Enalapril 

Blood glucose (mg/dL) 
SystoliC blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 
GFR (mUmin/1.732

) 

RPF (mUmin/1.73 m2
) 

FF 
RVR (mm Hg/mUmin/1.73 m2

) 

Albumin fractional clearance 
Geometric mean (95% GI) 

Baseline 

90.7 ± 16.4 
156.2 ± 18.4 
88.5 ± 11.7 
70.2 ± 14.2 

456.6 ± 165.3 
0.165 ± 0.055 

14.687 ± 4.366 

0.31 (0.14-0.67) 

Long-Term Baseline 

99.4 ± 27.7 97.9 ± 20.6 
147.3 ± 18.0t 155.1 ± 9.9 
89.6 ± 9.1 91.3 ± 98.3 
96.8 ± 20.4' 58.9 ± 10.7 

597.2 ± 178.9t 400.3 ± 81.3 
0.169 ± 0.033 0.152 ± 0.043 

11.515 ± 3.845t 16.932 ± 3.118 

0.37 (0.12-1.11) 0.31 (0.07-1.36) 

NOTE. Data (except albumin fractional clearance) are given as mean values ± SO. 
Abbreviations: FF, fractional filtration; RVR, renal vascular resistance; GI, confidence interval. 
, P < 0.05 (long-term v baseline). 
t P < 0.01 (long-term v baseline). 

Long-Term 

102.0 ± 33.6 
156.8 ± 28.3 
98.3 ± 13.9 
78.5 ± 11.0' 

465.0 ± 104.5 
0.173 ± 0.027 

15.778 ± 5.170 

0.24 (0.07-0.76) 
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The RPF also increased by 31 % in the nitrendip
ine group (P < 0.005) and by 16% in the enala
pril group. Renal vascular resistance significantly 
decreased in the nitrendipine group. Changes in 
fractional filtration were not statistically signifi
cant (Table 3). 

Both types of treatment were well tolerated, 
and only one patient given nitrendipine 20 mg 
twice daily had flushing, which did not require 
study withdrawal. 

DISCUSSION 

It is well recognized from the previous litera
ture that signs of renal involvement in NIDD do 
not necessarily mean that patients have diabetic
type renal damage. They actually may have a 
variety of renal lesions of nondiabetic type, rang
ing from vascular lesions of arteriosclerotic type 
to immunologic glomerulopathies unrelated to 
diabetes that mayor may not co-exist with le
sions of diabetic nephropathy.31 According to the 
nature of renal involvement, the disease may 
have different rates of progression32 and different 
responses to the therapy. One would reasonably 
predict that patients with pure diabetic glomeru
lopathy could benefit more from ACE inhibition 
than patients with renal vascular lesions, who are 
possibly at risk of ACE inhibition-induced renal 
hypoperfusion. To avoid the risk of comparing 
rates of renal disease progression in eterogeneous 
groups of patients we decided to enroll in the 
present study only those patients with microal
buminuria and a renal biopsy showing classical 
findings of diabetic glomerulopathy in the ab
sence of any other form of renal lesion. 

The first quite unexpected result of this ap
proach was that all 16 of the renal biopsies 
showed classic lesions of diabetic glomerulopa
thy, with no other associated renal disease. This 
is at variance with previous reports on renal bi
opsy findings in NIDD,31 which showed pure dia
betic lesions in no more than 37% of cases, the 
remaining cases showing chronic and specific 
changes or other glomerular diseases superim
posed on diabetic glomerulosclerosis. However, 
previous biopsy studies were not performed in 
NIDD with microalbuminuria, but in cases with 
overt nephropathy.31 Findings that renal lesions 
in microalbuminuric patients were indistinguish
able from those in classic diabetic cases de
scribed in IDD led us to speculate that long-
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lasting biochemical changes of diabetes serve to 
render glomerular microcirculation more vulner
able to the development of nondiabetic type of 
renal damage.3! 

The second finding of the present study was 
that in the short term, enalapril and nitrendipine 
both normalized blood pressure without changes 
in GFR and RPF, but had an opposite effect on 
urinary albumin, which decreased with enalapril 
but tended to increase with nitrendipine. Weight, 
protein intake, and sodium balance were compa
rable in the two groups as well, as blood glucose 
and HbAIC were similar throughout the study 
period. Since recent evidence has documented 
that metabolic control of diabetes influences mi
croalbuminuria33 and GFR,34.35 during the clear
ance studies we operated under the condition of 
sustained euglycemia to exclude the chance that 
observed changes in albumin fractional clearance 
or renal hemodynamics were linked to the degree 
of glycemic control. Previous experimental and 
human studies addressed the mechanism(s) of the 
effect of enalapril on glomerular sieving proper
ties. In rats with streptozotocin diabetes, enalapril 
limited albuminuria to the levels found in nondia
betic rats at a dose that only slightly reduced 
blood pressure?6 In humans with IDD, low-dose 
enalapril (2.5 mg/d) decreased fractional clear
ances of albumin and immunoglobulin G without 
changes in systemic blood pressure and amelio
rated perms elective function of the glomerular 
membrane, as indicated by a uniform lowering 
of test-dextrans sieving profile?7 These changes, 
as in the present study, were not correlated with 
the property of enalapril of lowering systemic 
blood pressure. All these studies suggested that 
enalapril directly modulates intrinsic membrane 
permeability properties of the glomerular capil
lary. 

It has been consistently documented by several 
recent studies that albuminuria increases by ap
proximately 35% per year7.40 and that GFR de
creases by approximately 1.5 mLimin/I.73 m21 
yr in untreated microalbuminuric NIDD pa
tients.4! At variance, findings of the long-term 
study reported here showed that I-year treatment 
with both enalapril and nitrendipine prevented 
urinary albumin excretion from increasing over 
time and ameliorated GFR. Consistent with the 
results of a previous study, which included both 
IDD and NIDD hypertensive patients,19 both 
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types of treatment decreased the overnight albu
min excretion rate. Percent reduction was numer
ically lower with the calcium channel blocker 
than with the ACE inhibitor,42 but the difference 
failed to achieve statistical significance, possibly 
because of the small number of patients or of the 
relatively short follow-up. In this study, we did 
not have a control group since patients selected 
for study participation were all hypertensive. As 
for the ACE inhibitors, the present results extend 
to NIDD and incipient nephropathy previous evi
dence of a renoprotective effect obtained with 
captopril in IDD with overt nephropathy23 and 
could also be taken to suggest that this class of 
compounds, besides retarding the disease pro
gression in cases of overt nephropathy, may de
lay evolution of incipient nephropathy to overt 
disease. Completely unexpected were the find
ings that in addition to controlling blood pres
sure, I year of treatment with nitrendipine also 
prevented urinary albumin excretion from in
creasing with time and also increased the GFR. 
To our knowledge, this is the first report that an 
antihypertensive treatment not only reduces the 
trend of the GFR to decline, but actually in
creases it to near normal values. Reasons for this 
effect remain speCUlative, since, in contrast to 
the multitude of data concerning ACE inhibitors, 
there are few data concerning the effect of cal
cium channel blockers on the evolution of albu
minuria and GFR in appropriate controlled con
ditions. ls 

It remains to be established in long-term stud
ies with large enough sample sizes whether the 
beneficial effect of ACE inhibitors and calcium 
channel blockers applies to major clinical end
points, including end-stage renal failure and 
death.43 
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