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The present study tested the effects of valsartan, an angiotensin II receptor blocker, on the progression of

renal insufficiency in patients with nondiabetic renal diseases. The study subjects were 22 patients with

nondiabetic renal diseases whose serum creatinine (Cr) ranged from 1.5 to 3.0 mg/dl. Valsartan (40–80 mg)

or placebo was given once daily for 1 year each in a random crossover manner. In both periods, antihyper-

tensive medications were titrated when the blood pressure was not lower than 140/90 mmHg. Blood sam-

pling and urinalysis were performed bimonthly throughout the study periods. The average blood pressure

was comparable between the valsartan and the placebo periods (130±9/86±6 vs. 131±8/86±6 mmHg).

Serum Cr significantly increased from 1.9±0.5 to 2.3±0.8 mg/dl (p<0.001) during the placebo period, but the

change was insignificant in the valsartan period (2.1±0.6 to 2.2±0.9 mg/dl). The slope of decrease in the

reciprocal of serum Cr was steeper in the placebo period than in the valsartan period (-0.064±0.070/year

vs. -0.005±0.050/year, p<0.01). During the valsartan period, urinary protein excretion was less than that

during the placebo period (0.75±0.73 vs. 1.24±0.92 g/g Cr, p<0.001). Serum K was significantly higher in

the valsartan period than in the placebo period (4.6±0.5 vs. 4.4±0.5 mEq/l, p<0.05); however, no patients

discontinued taking valsartan as a result of hyperkalemia. It is possible that long-term treatment with an

angiotensin II receptor blocker, valsartan, is effective at retarding the deterioration of renal function in

patients with nondiabetic renal disease by a mechanism independent of blood pressure reduction. (Hyper-

tens Res 2005; 28: 865–870)
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Introduction

According to the hyperfiltration theory, increases in glomeru-
lar capillary pressure, referred to as glomerular hypertension,
play an important role in the progression of diabetic and non-
diabetic renal diseases (1, 2). Intraglomerular capillary pres-

sure is affected by the tone of the glomerular arterioles as well
as by the level of systemic arterial pressure. Because angio-
tensin II is a potent constrictor of the efferent arterioles,
angiotensin converting enzyme (ACE) inhibitors and angio-
tensin II receptor blockers (ARB), which inhibit the genera-
tion and/or action of angiotensin II, are effective at alleviating
glomerular hypertension (3). On the other hand, calcium
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channel blockers (CCB) tend to dilate the afferent arterioles,
and therefore tend to be less effective at reducing intraglom-
erular pressure, as compared to specific inhibitors of the
renin-angiotensin system (4).

Multiple lines of clinical evidence have indicated that ACE
inhibitors and ARBs exert protective effects against the pro-
gression of diabetic nephropathy (5, 6). Moreover, as regards
patients with nondiabetic renal diseases, it has been reported
that long-term ACE inhibition reduced proteinuria and ame-
liorated the rate of deterioration of renal function (7). How-
ever, as compared to the amount of evidence available
regarding ACE inhibitors, little evidence has been reported
thus far regarding the long-term effects of ARBs on the pro-
gression of nondiabetic renal diseases. The number of ARB
prescriptions has recently been increasing due to the higher
risks of coughing as an adverse side effect associated with
ACE inhibitors; thus, it appears important to establish evi-
dence of the superiority of ARBs at slowing the progression
of nondiabetic renal insufficiency.

In this random crossover study, we examined the effects of
an ARB, valsartan, on the progression of renal dysfunction in
patients with nondiabetic renal diseases.

Methods

We enrolled a total of 22 outpatients with nondiabetic renal
insufficieny, the serum creatinine (Cr) levels of whom ranged
from 1.5 to 3.0 mg/dl. The study protocol was in accordance
with the recommendations of the World Medical Association
for biomedical research involving human subjects (Edinburgh
version, 2000) and was approved by the institutional review
board. The patients were informed that the study compares
the effects of ARB and placebo administration on the progres-
sion of renal dysfunction, and informed consent was obtained
from all subjects. Each patient underwent a 1-year period of
treatment with valsartan and a 1-year period of treatment with
placebo. Empty cellulose capsules were used as the placebo in
this study, which was conducted in a single-blind manner.
The order of study drugs was randomized blindly, and each
drug was taken once daily after the subject had eaten break-
fast. No patient had previously taken an ARB, and 7 patients
had been taking ACE inhibitors before enrolling in the
present study (Table 1). Among those patients who had been
taking ACE inhibitors, the ACE inhibitor was replaced with
valsartan or placebo. The antihypertensive medication dosage
was chosen such that the blood pressure was decreased to a
systolic value below 140 mmHg, and to a diastolic value
below 90 mmHg. Valsartan was initiated at a 40-mg dose,
which was increased to 80 mg if the combined blood pressure
level was not lower than 140/90 mmHg. Then, the doses of
other classes of antihypertensive drugs, with the exception of
ACE inhibitors and ARBs, were added or increased in each
case in order to achieve the target blood pressure. During the
period in which the placebo was administered, the doses of
antihypertensive drugs other than ARBs and ACE inhibitors
were titrated such that the blood pressure was maintained
below 140/90 mmHg. Blood pressure was measured by a
sphygmomanometer at 2- to 4-week interval visits with the
patient in a sitting position after the patient had rested for
more than 20 min, also in a sitting position. The patients were
instructed to reduce their salt intakes to less than 7 g/day, and
their protein intake was to be restricted to less than 50 g/day
throughout the study period; however, no limitation was
required with respect to the intake of potassium.

During both of the study periods, blood and urine samples

Table 1. Basic Characteristics of the Study Subjects

Pamameter Value

Age (years) 56±13
Gender (men/women) 16/6
Body mass index (kg/m2) 24.3±3.4
Renal disease

Chronic glomerulonephritis 10
Nephrosclerosis 7
Polycystic kidney 2
Drug-induced nephropathy 2
Chronic pyelonephritis 1

Systolic blood pressure (mmHg) 131±8
Diastolic blood pressure (mmHg) 87±6
Pulse rate (bpm) 70±7
Antihypertensive medication

Calcium channel blocker 16
Diuretics 7
ACE inhibitor 7
β-Blocker 3
α-Blocker 4
Others 2

Number of antihypertensive drugs
0 4
1 7
2 5
3 or more 6

Data represent the mean±SD. ACE, angiotensin converting
enzyme.

Table 2. Average Blood Pressure and Pulse Rate during the
Period of Administration of Placebo or Valsartan

Variable Placebo period Valsartan period

Systolic blood pressure 
(mmHg) 131±8 130±9

Diastolic blood pressure 
(mmHg) 86±6 86±6

Pulse rate (bpm) 71±5 70±6

Data are represented as the mean±SD.
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were collected bi-monthly to obtain blood cell counts, and to
perform blood chemistry analysis and urine analysis. Blood
samples were taken from the antecubital vein after the partic-
ipant had fasted overnight. The first urine of the morning was
used for the urine analysis. The urine samples were also col-
lected consecutively at the last 3 visits of each study period.
Urinary concentrations of protein and Cr were measured by
colorimetry, and urinary protein excretion was expressed as a
ratio to the urinary Cr concentration. The averaged values
from the last 3 visits during each study period were used for
the evaluation of urinary protein excretion.

Values are expressed as the means±SD. The clinical and
laboratory data from the two groups were compared by Stu-
dent’s t-test for paired samples, and analysis of covariance
was used to assess the influence of co-variables. A p value of
less than 0.05 was considered to indicate statistical signifi-
cance. The slope of time-course changes in the reciprocal of
serum Cr was calculated by linear regression analysis.

Results

Table 1 shows the background characteristics of the study
subjects. Chronic glomerulonephritis was the most frequent
nondiabetic renal disease, followed by nephrosclerosis. The
diagnoses were histologically verified in 7 out of 10 patients
with chronic glomerulonephritis, in 2 out of 7 patients with
nephrosclerosis, and in 1 out of 2 patients with drug-induced
nephropathy. In the remaining 12 patients, the diagnosis of
nondiabetic disease was based on the patient’s medical his-
tory, physical findings, laboratory data, and findings on radio-
logical and ultrasound images. The cause of drug-induced
nephropathy in 2 patients was the long-term use of non-steroi-
dal anti-inflammatory drugs for rheumatoid arthritis and com-
pression fracture of the lumbar vertebra, respectively. In both
of these latter cases, the use of non-steroidal anti-inflamma-
tory drugs had been terminated more than a year before the
patient participated in the present study, and the serum Cr lev-
els of both of these subjects had remained stable for more than

6 months. The study was initiated with valsartan treatment in
1 of these patients (rheumatoid arthritis), and with placebo in
the other patient (compression fracture of a lumbar vertebra).
Eighteen patients had already been treated with antihyperten-
sive drugs, and the average blood pressure of the study sub-
jects was below 140/90 mmHg before the initiation of both
study periods. CCBs were the most frequent antihypertensive
drugs administered previously, followed by diuretics; in addi-
tion, 7 patients had been given ACE inhibitors, as noted
above.

No patient experienced adverse side effects, and all 22
patients completed the study protocol. During the placebo
period, a diuretic or β-blocker was added to the treatment pro-
tocol of 1 patient each, and a CCB was added or the dose of a
CCB was increased in 6 patients, with the aim of reducing
blood pressure to below 140/90 mmHg. During the valsartan
period, the dose of valsartan was increased to 80 mg/day in 8
patients; in addition, the dose of the CCB was increased in 1
patient, and the dose of α-blocker was increased in one other
patient. Table 2 lists the blood pressure and pulse rate of the
patients in each treatment period. The average blood pressure
was below 140/90 mmHg in both of the study periods, and the
values observed in both periods were comparable. The aver-
age blood pressure remained below 140/90 mmHg in 17
patients during the placebo period and in 16 patients during
the valsartan period.

Table 3 shows the changes in the physical and laboratory
data of patients during each treatment period. Neither body
weight, nor the concentration of either blood hemoglobin or
serum albumin changed significantly during either of the
treatment periods. Among the serum electrolytes, serum K
was significantly increased during the valsartan period,
whereas the serum K level did not significantly change during
the placebo period. However, it should be noted that none of
the patients discontinued taking valsartan due to hyperkale-
mia. As regards the indices of renal function, serum urea
nitrogen and serum Cr levels were significantly increased
during the placebo period, whereas the average values did not

Table 3. Changes in Body Weight, and Blood Hemoglobin and Serum Chemistry Data during the Administration of Placebo or
Valsartan

Variable
Placebo period Valsartan period

Month 0 Month 12 Month 0 Month 12

Body weight (kg) 64.3±11.1 64.3±11.3 64.2±11.3 64.4±10.6
Blood hemoglobin (g/dl) 13.3±1.7 13.2±1.7 13.2±1.6 13.1±1.7
Serum albumin (g/dl) 4.2±0.2 4.1±0.3 4.1±0.3 4.2±0.3
Serum Na (mEq/ml) 141±1.4 141±2.1 142±1.8 141±2.0
Serum K (mEq/l) 4.5±0.5 4.4±0.5 4.4±0.4 4.6±0.5*
Serum chloride (mEq/l) 105±3 106±2 106±2 107±2
Serum urea nitrogen (mg/dl) 26±7 31±10† 28±8 29±7
Serum creatinine (mg/dl) 1.9±0.5 2.3±0.8† 2.1±0.6 2.2±0.9
Serum uric acid (mg/dl) 6.6±1.0 6.9±0.8 6.9±1.2 6.9±0.9

Data represent the mean±SD. *p<0.05, †p<0.001 vs. month 0.
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change significantly during the 1-year-long valsartan period.
According to the analysis of covariance, the changes in levels
of serum Cr differed significantly between the placebo and
the valsartan periods (F=5.09, p=0.029); however, these
changes were not significantly related to the values observed
before the respective periods (F=1.03, p=0.316). Figure 1
compares the average slopes of the time-course changes in the
reciprocal of serum Cr levels during the two treatment peri-
ods. The slope of decline in the case of 1/Cr was less steep for
the valsartan period than for the placebo period
(-0.005±0.050/year vs. -0.064±0.070/year, p<0.01).

Figure 2 shows the changes in urinary protein excretion
during each treatment period. Urinary protein excretion was
significantly reduced during the valsartan period, i.e., by 33%
(1.12±0.80 to 0.75±0.73 g/g Cr, p<0.001), whereas urinary
protein excretion increased during the placebo period
(0.94±0.82 to 1.24±0.92 g/g Cr, p=0.002). However, the
changes in urinary protein were not correlated with either sys-
tolic or diastolic blood pressure levels (r=0.024, p=0.879
and r=0.236, p=0.122; respectively). In the analysis of cova-
riance, the changes in urinary protein excretion were signifi-
cantly different between the placebo and the valsartan periods
(F=20.69, p<0.001), but were not significantly related to the
values observed before these periods (F=2.28, p=0.139).

Discussion

In order to protect the kidneys from diabetic and nondiabetic
renal disease, it is important to prevent increases in glomeru-
lar capillary pressure. To this end, inhibitors of the renin-
angiotensin system such as ACE inhibitors and ARBs are
expected to improve glomerular hypertension by reducing the
constrictive effect of angiotensin II on the efferent arterioles.
Besides these hemodynamic effects, angiotensin II enhances
production of free radicals, promotes cell growth, and
increases the synthesis of inflammatory and profibrotic
cytokines (8, 9). Furthermore, recent studies have revealed

that aldosterone also has mitogenic and pro-fibrotic proper-
ties (10, 11). These non-hemodynamic effects of angiotensin
II and aldosterone are deleterious to the kidney and cause
inflammation, fibrosis, and scarring of the renal tissue, result-
ing in the deterioration of renal function (12). Therefore, the
inhibition of the renin-angiotensin-aldosterone system by
ACE inhibitors or ARBs is expected to ameliorate the non-
hemodynamic pathogenesis of nephropathy, as well as reduce
glomerular capillary pressure. ARBs have also been shown to
alleviate podocyte injury and restore the expression of neph-
rin, the podocyte adhesion protein, in experimental models of
hypertension and diabetes (13−15).

In accordance with these theoretical considerations, a con-
siderable amount of clinical evidence has indicated that ACE
inhibitors retard the progression of diabetic nephropathy (16).
Moreover, comparable effects have been achieved by ARBs,
as demonstrated by several studies such as the Reduction of
Endpoints in NIDDM with Angiotensin II Antagonist Losar-
tan (RENAAL) (17) and the Irbesartan Diabetes type 2 Neph-
ropathy Trial (IDNT) (18). As regards nondiabetic renal
diseases, the ACE Inhibition in Progressive Renal Insuffi-
ciency (AIPRI) study (19) and the Ramipril Efficacy In Neph-
ropathy (REIN) study showed that ACE inhibitors delay the
progression of nondiabetic renal insufficiency. However, in
contrast to the accumulation of evidence in these areas of
study, an insufficient amount of evidence has been accumu-
lated to unequivocally demonstrate the effectiveness of ARBs
in the long-term management of patients with nondiabetic
renal diseases. In the present random crossover study, the
enrolled renal insufficiency patients with nondiabetic renal
diseases exhibited the suppression of increases in serum Cr
during the period in which the ARB valsartan was adminis-
tered. Therefore, it appears that ARB, as well as ACE inhibi-

Fig. 1. Bar graph comparing the slopes of decline in the
reciprocal of serum creatinine levels during the periods of
administration of placebo or valsartan.
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tors, is advantageous in terms of slowing the deterioration of
renal function in patients with nondiabetic renal diseases.

It has been demonstrated previously that ACE inhibitors
and ARBs are more effective at reducing proteinuria in
patients with diabetic and nondiabetic renal diseases than are
other classes of antihypertensive drugs (5, 20, 21). Moreover,
in the present study, valsartan was found to reduce urinary
protein excretion in patients with nondiabetic renal diseases.
According to both the results of the Modification of Diet in
Renal Disease (MDRD) study and the outcomes of the REIN
study, the amount of urinary protein excretion was predictive
of the rate of deterioration of renal function in patients with
nondiabetic renal diseases (22, 23). Proteinuria itself is detri-
mental to the kidney, as the ultrafiltration of proteins across
the glomerular basement membrane brings about tubular pro-
tein overload, which in turn provokes inflammation, and ulti-
mately results in glomerulosclerosis and tubulo-interstitial
fibrosis (24, 25). It is also known that proteinuria is associated
with a risk of development of cardiovascular diseases, and
proteinuria has also been recognized as a modifiable cardio-
vascular risk factor (26−28). Therefore, it would be expected
that the decrease in urinary protein excretion brought about
by treatment with ARBs not only inhibits the progression of
renal tissue injury, it also reduces the incidence of cardiovas-
cular events in patients with nondiabetic renal diseases.

ARBs are much less likely to induce a cough than are ACE
inhibitors. Hyperkalemia is among the few adverse effects of
the administration of ARBs. Indeed, in the present study, the
mean serum K level was significantly higher (i.e., by 0.2
mEq/l) in the valsartan period than in the placebo period.
However, no patients were forced to discontinue treatment
with valsartan due to the development of hyperkalemia.
Therefore, hyperkalemia is unlikely to be a major problem
associated with long-term ARB treatment of nondiabetic
renal insufficiency patients with the maintenance of serum Cr
levels below 3.0 mg/dl.

Although hypertension is generally not diagnosed when the
blood pressure is lower than 140/90 mmHg, the latest guide-
lines for hypertension treatment recommend a lower upper
limit for the target blood pressure level, namely, <130/80
mmHg for patients with reduced renal function (29, 30).
However, hypertension among patients with impaired renal
function is often resistant to therapy, and in the present study,
the average blood pressure was not lower than 140/90 mmHg
in one-fourth of the patient. Thus, treatment with multiple
antihypertensive agents appears to be necessary for the strict
control of blood pressure in patients with renal diseases. The
antihypertensive effects of ACE inhibitors and ARBs may not
be prominent in patients with reduced renal function, because
the renin-angiotensin-aldosterone system is generally sup-
pressed due to the impaired excretion of Na and increased
body fluid volume. However, according to the clinical evi-
dence accumulated to date, inhibitors of the renin-angiotensin
system should be included in the combination of antihyper-
tensive drugs administered to patients with diabetic and non-

diabetic diseases, unless the stage of renal dysfunction is
advanced. The results of this study suggest that ARBs are
effective at reducing the rate of deterioration of renal function
as well in renal insufficiency patients suffering from nondia-
betic renal diseases. Considering the low incidence of cough,
ARBs are expected to be better tolerated than ACE inhibitors
in the long-term treatment of chronic renal insufficiency.

In summary, the present study showed that valsartan, an
ARB, is effective at reducing proteinuria and preserving renal
function in patients with nondiabetic renal diseases. It is
thought that these effects are, at least in part, independent of
blood pressure changes, and that they are brought about by
the inhibition of the renin-angiotensin system. The results of
the present study should be reconfirmed by a prospective
study of a larger number of patients and also by longitudinal
follow-up studies.
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