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Proteinuria indicates future renal and cardiovascular morbidity, and, conversely, its reduction is associated with improved
outcome. In a randomized, double-blind trial with parallel group design, the antiproteinuric effect of candesartan at high
doses was analyzed. Patients with normal or mildly impaired renal function, protein excretion rate of 1 to 10 g/d, and treatment
with an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker for 3 mo were eligible. After a 4-wk
treatment with 16 mg/d candesartan, patients (n ⴝ 32) were allocated to double-blind therapy with either 32 or 64 mg/d
candesartan for 12 wk (including 4 wk of uptitration), followed again by 4 wk of candesartan 16 mg/d. Proteinuria at study
entry was similar in both groups (geometric mean [95% confidence interval (CI)]; 32 mg/d candesartan 2.14 g/d [95% CI, 1.45
to 3.17]; 64 mg/d candesartan 2.54 g/d [95% CI, 1.91 to 3.40]; NS). After the double-blind treatment phase, proteinuria was
reduced to 1.42 g/d (0.85 to 2.37) in the 64-mg/d group (P ⴝ 0.017), without any change in the 32-mg/d group (2.02 g/d [95% CI,
1.26 to 3.26]). The change in proteinuria differed between the two groups in absolute (P ⴝ 0.025) and relative terms (ⴚ29 ⴞ 50
versus ⴚ0 ⴞ 26%; P ⴝ 0.012). After downtitration to 16 mg/d candesartan, proteinuria increased again to 2.38 g/d (1.57 to 3.62)
in the 64-mg/d group (P ⴝ 0.001) but remained unchanged in the 32-mg/d group (2.04 g/d [95% CI, 1.17 to 3.57]; NS). No change
in BP was noticed in response to the different doses of candesartan. These data indicate an additive antiproteinuric effect of
ultrahigh dose of the angiotensin receptor blocker candesartan compared with standard dose.
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hronic kidney disease (CKD) is a major health problem in the United States and Europe. The prevalence
of ESRD has increased progressively in the past decades. By the year 2010, it is estimated that the prevalence of
ESRD will be ⬎650,000 in the United States, with an even more
marked increase of patients with early stages of CKD (1). Proteinuria occurs in most patients with CKD and represents a risk
factor for faster progression of CKD. Screening efforts aimed to
identify patients who are at high risk for CKD indicate that
proteinuria is an independent risk factor of total mortality
(2– 4). Both reduced renal function as estimated by creatinine
clearance and albuminuria have been identified as independent
risk factors for cardiovascular disease, renal failure, and mortality in selected and general populations (4 –7). Most recently,
evidence from large-scale, prospective trials has been forwarded that reduction of albuminuria is linked closely to improved renal prognosis as well as cardiovascular outcome (8,9).
Thus, nephroprotective strategies to reduce proteinuria in patients with overt proteinuria emerged as a mandatory therapeutic goal. Consistently, the greater the reduction in protein-
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uria, the smaller is the loss of renal function in type 1 and type
2 diabetes (10 –12).
Of all nephroprotective strategies, treatment with antihypertensive drugs has been investigated extensively. Large prospective trials and meta-analyses have demonstrated that antihypertensive regimens that containing angiotensin-converting
enzyme inhibitors (ACE-I) and/or angiotensin receptor blockers (ARB) are more effective than other regimens in slowing the
progression of CKD (13–16). In some trials, the antiproteinuric
effects of agents that block the renin-angiotensin-aldosterone
system were greater in patients with proteinuria compared
with those without proteinuria and to be mediated in part by
BP-independent effects (13–15).
The optimal dose of ACE-I and ARB with respect to their
BP-lowering effects has been analyzed carefully. In contrast,
dose-response curves for organ-protective effects of ACE-I and
ARB have not been assessed adequately. Doses of ACE-I that
exceed their maximal antihypertensive dose have not been
examined in clinical trials, because ultrahigh doses of ACE-I
(doses above those approved for antihypertensive treatment
according to the Food and Drug Administration and the European Agency for the Evaluation of Medicinal Products) are
associated with serious side effects, such as glomerulonephritis
(17–19). Therefore, only drug doses that are approved for antihypertensive treatment have been examined for their potential
organ-protective effects (10 –15). In contrast, ARB have been
tested over a wide range of dose, without showing an increase
of side effects with ultrahigh doses (20,21). However, so far, all
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nephroprotective trials of ARB that have invariably shown the
nephroprotective benefit of these compounds have been conducted with standard doses. In a double-blind, randomized,
controlled, clinical, prospective trial in 32 proteinuric patients
with CKD, we tested the hypothesis that ultrahigh doses of
ARB reduce proteinuria more effectively than standard doses.

Materials and Methods
Study Cohort
Patients who were aged 18 to 75 yr of age, had diabetic or nondiabetic
nephropathy with evidence of persistent proteinuria of 1 to 10 g/d and
controlled arterial hypertension, i.e., BP ⬍150/90 mmHg, and had at
least 3 mo of treatment with a standard dose of an ACE-I or an ARB
were recruited from eight nephrology centers in southern Germany.
Other inclusion criterion was a stable renal function, i.e., a variation of
serum creatinine of ⬍25% in the last 6 mo, with an estimated creatinine
clearance (Cockroft-Gault) of ⬎30 ml/min. Exclusion criteria were
ESRD, immunosuppressive therapy within the last 6 mo, known hypersensitivity to or intolerance of an ARB, known or suspected renal
artery stenosis, significant cardiac or vascular disease, uncontrolled
diabetes (defined as a HbA1c ⬎9.0%), and evidence of hepatic disease.
Patients could be withdrawn from the study because of intolerable side
effects, exclusion criteria, noncompliance, protocol violations, and increase of serum creatinine by ⬎25%.
The study was performed according to Good Clinical Practice guidelines in accordance to the Declaration of Helsinki and with the approval
of the Clinical Investigations Ethics Committee of the University of
Erlangen-Nürnberg, Germany. Written informed consent was obtained
from all patients before the study.

Study Design
The study design was a multicenter, prospective, forced titration,
randomized, double-blind, controlled clinical trial. The study protocol
had three phases (Figure 1): Candesartan 16 mg phase (open medication), high-dose candesartan phase (double-blind medication), and second candesartan 16-mg phase (open medication).
To be included into the study, all patients had to be treated with a
standard dose of either an ACE-I or an ARB for at least 3 mo. After
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study inclusion, previous ACE-I or ARB treatment was stopped and
patients were rolled over to the first candesartan phase. All patients
were treated with 16 mg/d candesartan to ensure a standardized stable
clinical situation. Thereafter, patients received double-blind medication
of either 32 mg/d candesartan and forced titration after 4 wk to 64
mg/d, or 16 mg candesartan for 4 wk and forced titration after 4 wk to
32 mg/d. The high-dose candesartan phase lasted for 3 mo. The primary objectives were to analyze the change in proteinuria from study
entry (week 0) to the end of the high-dose candesartan phase (week 16)
in each group. Secondary objectives were to compare the change in
proteinuria from the end of the first 16 mg candesartan phase (week 4)
to the end of the high-dose candesartan phase (week 16) in each group
and to compare the change in proteinuria between the two treatment
groups. Finally, for examining whether the effects were reversible, all
patients received 16 mg/d candesartan throughout the second 16 mg
candesartan phase for another 4 wk.
Patients were offered to participate in a substudy with additional
measurements to assess 24-h ambulatory BP and renal hemodynamics
before and after the double-blind high dose of candesartan. In a total of
20 patients, both measurements at weeks 4 and 16 were evaluable and
thereby entered statistical analysis.

Study Measurements
BP was measured with an oscillometric device (Dinamap 1846 SX;
Criticon, Norderstedt, Germany) in a sitting position according to
World Health Organization recommendations. Twenty-four-hour urine
was collected six times throughout the study protocol (Figure 1), and
proteinuria was measured by standard technique in duplicate. Creatinine clearance and urine sodium excretion were determined in parallel.
In the subsample of 20 patients, 24-h ambulatory BP (SpaceLabs
90207; SpaceLabs Medical Inc., Redmond, WA) was measured before
and after the double-blind, randomized, high-dose candesartan phase
(weeks 4 and 16). In parallel, renal plasma flow and GFR were determined by constant input clearance technique with para-aminohippurate
(Nephrotest; Meck, Sharp & Dohme, Hertfordshire, UK) and inulin
(InU test; Fesenius, Linz, Austria), respectively, as suggested by Cole et
al. and as described previously in detail (22,23). After administration of
a loading dose, a steady state between infusion and renal excretion of

Figure 1. Study protocol and phases. Cand, candesartan; ARB, angiotensin receptor blocker; ACE-I, angiotensin-converting
enzyme inhibitor; Crea Cl, creatinine clearance; RPF, renal plasma flow; ABPM, ambulatory 24-h BP monitoring.
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the tracer substances was reached after 120 min. Blood samples for the
determination of para-aminohippurate and inulin to assess baseline
renal plasma flow and GFR were drawn as this time and before infusions were started. Blood samples were centrifuged immediately at 4°C
and were stored at ⫺21°C until measurement. Measurement of paraaminohippurate and inulin was performed after completion of the
study with the investigators still unaware of active treatment in individual study participants. Details concerning the measurement of inulin and para-aminohippurate have been published previously (22). Each
blood sample was measured in duplicate with a coefficient of variation
of ⬍5%.
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protocol were compared with the whole study group (data not
shown). The average casual BP was 135 ⫾ 15/84 ⫾ 8 mmHg
(n ⫽ 32), and the 24-h ambulatory BP was 131 ⫾ 14/81 ⫾ 10
mmHg (substudy; n ⫽ 20).
Protein excretion was on the average 2.35 g/d (geometric
mean), with a range of 1.16 to 8.63 g/d, and serum creatinine
was 1.28 mg/dl (arithmetic mean), with a range of 0.48 to 2.55
mg/dl. No serious adverse side effects were attributed to the
study medication. Hyperkalemia without clinical symptoms
developed in one patient in the 32-mg group (6.2 mmol/L) and
in one patient in the 64-mg group (6.0 mmol/L).

Statistical Analyses
The primary objective was to analyze the absolute changes of proteinuria between week 0 (study entry) and week 16 (end of high-dose
candesartan phase). Other comparisons were secondary. Analyses were
performed using SPSS Software (Release 12.0; SPSS Inc., Chicago, IL)
with paired and unpaired t test where appropriate. Mann-Whitney U
test and Wilcoxon rank sum test were used to analyze differences in
proteinuria between treatment groups and changes in proteinuria
within treatment groups. Data are given as mean ⫾ SD, with the
exception of proteinuria, which is given as geometric mean (95% confidence interval [CI]) unless otherwise stated. P ⬍ 0.05 (two sided) was
considered to be significant.

Results
Study Population
The study cohort comprised 32 proteinuric patients with
CKD (Table 1). The cause of CKD was glomerular disease in 24
patients, type 2 diabetes in five patients, tubulointerstitial disease in two patients, and unspecified disease in one patient.
Twenty patients participated in the substudy with 24-h ambulatory BP monitoring and assessment of renal plasma flow and
GFR. There were no significant differences in the baseline characteristics when patients who were enrolled in the substudy

Table 1. Baseline characteristics of the study cohort
(n ⫽ 32)a
Age (yr)
Gender (male/female)
Weight (kg)
Height (cm)
Body mass index (kg/m²)
Body surface area (m²)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Serum creatinine (mg/dl)
Creatinine clearance (ml/min)
Proteinuria (g/d)
Urinary sodium excretion (mmol/d)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglycerides (mg/dl)
Serum glucose (mg/dl)

53 ⫾ 12
22/10
91 ⫾ 16
173 ⫾ 8
30.4 ⫾ 4.9
2.04 ⫾ 0.19
136 ⫾ 15
84 ⫾ 8
1.29 ⫾ 0.61
101 ⫾ 54
2.35 (1.87 to 2.94)
255 ⫾ 108
214 ⫾ 39
128 ⫾ 34
50 ⫾ 14
195 (149 to 254)
106 ⫾ 34

Data are expressed as mean ⫾ SD except for proteinuria
(geometric mean 关95% confidence interval兴).

Primary Objective: Changes in Proteinuria
After at least 3 mo of blockade of the renin-angiotensin
system with either an ACE-I or an ARB (open-label run-in
phase; week 0), proteinuria was 2.14 g/d (95% CI, 1.45 to 3.17)
in the 32 mg candesartan group and 2.54 g/d (95% CI, 1.91 to
3.40) in the 64 mg candesartan group (NS). At the end of the
first 16 mg candesartan phase, no significant changes from
week 0 to week 4 in proteinuria were observed in either group,
and there was no difference between the two groups (2.02 g/d
[95% CI, 1.30 to 3.14] versus 2.34 g/d [95% CI, 1.72 to 3.19]; NS).
Individual changes in proteinuria after 16 wk of treatment
(week 16) compared with study entry (week 0) are illustrated in
Figure 2. Proteinuria decreased in the 64 mg candesartan group
(from 2.54 g/d [95% CI, 1.91 to 3.40] to 1.42 g/d [95% CI, 0.85
to 2.37]; P ⫽ 0.017), whereas no change in proteinuria was
evident in the 32 mg candesartan group (from 2.14 g/d [95% CI,
1.45 to 3.17] to 2.02 g/d [95% CI, 1.26 to 3.26]; NS). The reduction in proteinuria was greater in the 64-mg group than in the
32-mg group in both absolute (P ⫽ 0.025) and relative terms
(⫺29 ⫾ 50 versus ⫺0 ⫾ 26%; P ⫽ 0.012).
Analysis of the impact of uptitration on proteinuria revealed
a decrease in the 64 mg candesartan group (week 4 2.34 g/d
[95% CI, 1.72 to 3.19] versus week 16 1.42 g/d [95% CI, 0.85 to
2.37]; P ⫽ 0.017), whereas no such decrease in proteinuria was
observed in the 32 mg candesartan group (2.02 g/d [95% CI,
1.30 to 3.14] versus 2.02 g/d [95% CI, 1.26 to 3.26]; NS; Figure 3).
Again, reduction in proteinuria was greater in the 64 mg candesartan group than in the 32 mg candesartan group in both

a

Figure 2. Individual changes in proteinuria from week 0 to week 16.
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Figure 3. Proteinuria throughout the whole study period. Horizontal lines represent geometric means, boxes represent 95%
confidence intervals of geometric means, and whiskers represent range of proteinuria.
absolute (P ⫽ 0.085) and relative terms (⫺27 ⫾ 35 versus 8 ⫾
40%; P ⫽ 0.033).
At the end of the second 16 mg candesartan phase (week 20),
i.e., after downtitration to the standard dose of 16 mg/d candesartan, proteinuria returned to the initial level in the 64-mg
group (from 1.42 g/d [95% CI, 0.85 to 2.37] at week 16 to 2.38
g/d [95% CI, 1.57 to 3.62] at week 20; P ⫽ 0.001). No significant
change in proteinuria as a result of downtitration of candesartan was observed in the 32-mg group (from 2.02 g/d [95% CI,
1.26 to 3.62] to 2.04 g/d [95% CI, 1.17 to 3.57]; NS; Figure 3).

Secondary Objectives
Change in BP and Creatinine Clearance. Systolic and diastolic BP throughout the whole study period are depicted in
Table 2. Between the two groups, there was no significant
difference at any time. In the 32 mg candesartan group, BP did
not change between week 0 and week 16 (systolic P ⫽ 0.246,
diastolic P ⫽ 0.917). Similarly, in the 64 mg candesartan group,
there was no significant fall in systolic BP (P ⫽ 0.192) from
week 0 to week 16, but there was a decrease in diastolic BP (P ⫽
0.047). There was no difference between the two groups with
respect to either systolic or diastolic BP at the end of uptitration
(week 16), and there was no correlation between changes in BP
and changes in proteinuria (Figure 4).
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Creatinine clearance was not significantly different between
the two groups at week 0 and week 16, and also no change
within each treatment group was observed at week 16 compared with week 0. Sodium excretion decreased in the 64 mg
candesartan group, but no difference between treatment
groups was found (Table 2).
Change in 24-H Ambulatory BP and Renal Hemodynamics
(Substudy). In the subsample of 20 patients, 24-h ambulatory
BP did not differ before and at the end of the high-dose candesartan phase between the two groups (week 16). Also, 24-h
ambulatory BP did not change significantly after the dose of
candesartan was increased from 16 mg to either 32 or 64 mg/d
(Table 3).
Significant differences were found in the subgroup with
respect to the primary objective: Proteinuria decreased in the 64
mg candesartan group (week 0 2.78 g/d [95% CI, 1.98 to 3.91]
versus week 16 1.56 g/d [95% CI, 1.00 to 2.43]; P ⫽ 0.009) but not
in the 32 mg candesartan group (2.18 g/d [95% CI, 1.28 to 3.71]
versus 2.11 g/d [95% CI, 1.12 to 3.98]; NS). Similar to the whole
study group, the change in proteinuria from week 0 to week 16
was significant between the two groups in both absolute (P ⫽
0.024) and relative terms (⫺37 ⫾ 33 versus ⫺1 ⫾ 20%; P ⫽ 0.03).
There was no correlation between change in proteinuria and
change in ambulatory 24-h BP (data not shown).
Renal plasma flow and GFR were similar between the 32 mg
candesartan group and 64 mg candesartan group at week 4.
After uptitration (at the end of the high-dose candesartan
phase), again no significant changes in renal plasma flow and
GFR was observed between and within each treatment group
(Table 3).

Discussion
In clinical practice, proteinuria and albuminuria are easily
evaluable risk indicators for cardiovascular and renal morbidity. In the Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) and Irbesartan in
Diabetic Nephropathy Trial (IDNT) trials that examined patients with diabetes and overt diabetic nephropathy, the greater
proteinuria, the higher was the incidence of the primary renal
end point (14,15). In addition, reduction of proteinuria was
related to a lower incidence of renal and cardiovascular end
points (8 –12), suggesting a causal relationship between increased and decreased proteinuria and renal and cardiovascular prognosis.
In this study, we analyzed whether the ARB candesartan
given in an ultrahigh doses, i.e., doses that exceed the one
approved for antihypertensive treatment in Europe (16 mg/d),
exerts additional antiproteinuric effects in patients with CKD.
Previously, in an open clinical study with 10 proteinuric patients, further reduction of proteinuria was observed when the
dose of candesartan was increased from 32 to 96 mg (24). Our
double-blind, randomized trial now documents that in the
group that was treated with 64 mg/d candesartan, reduction in
proteinuria was greater than throughout the first 16 mg/d
candesartan phase and greater than in the parallel group that
was treated with 32 mg/d candesartan. Moreover, after reinstitution of 16 mg/d candesartan, proteinuria returned to the
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Table 2. Clinical and laboratory parameters during the study coursea

Systolic BP (mmHg)
run-in
first 16 mg candesartan
high-dose candesartan
second 16 mg candesartan
Diastolic BP (mmHg)
run-in
first 16 mg candesartan
high-dose candesartan
second 16 mg candesartan
Creatinine clearance (ml/min)
run-in
first 16 mg candesartan
high-dose candesartan
second 16 mg candesartan
Urinary sodium excretion (mol/d)
run-in
first 16 mg candesartan
high-dose candesartan
second 16 mg candesartan

Week

Candesartan, 32 mg
(n ⫽ 15)

0
4
16
20

136 ⫾ 13
132 ⫾ 20
132 ⫾ 15
129 ⫾ 12

0
4
16
20

84 ⫾ 9
85 ⫾ 14
85 ⫾ 11
83 ⫾ 10

0
4
16
20

96 ⫾ 38
98 ⫾ 42
97 ⫾ 48
94 ⫾ 52

0
4
16
20

218 ⫾ 93
221 ⫾ 93
255 ⫾ 83
235 ⫾ 97

Candesartan, 64 mg
(n ⫽ 17)

135 ⫾ 17
137 ⫾ 20
130 ⫾ 21b
131 ⫾ 13
85 ⫾ 7
85 ⫾ 9
80 ⫾ 11b,c
83 ⫾ 8

P

NS
NS
NS
NS
NS
NS
NS
NS

106 ⫾ 65
107 ⫾ 68
98 ⫾ 63
102 ⫾ 66

NS
NS
NS
NS

286 ⫾ 112
245 ⫾ 101d
236 ⫾ 103c
249 ⫾ 98

NS
NS
NS
NS

All data are expressed as mean ⫾ SD. P values in the table are given for comparison between treatment groups (t test).
Within groups the following analyses were performed and are highlighted by superscript letters (one symbol: P ⬍ 0.05; two
symbols: P ⬍ 0.01): bhigh-dose candesartan phase versus first 16 mg candesartan phase; chigh-dose candesartan phase versus
run-in phase; dfirst 16 mg candesartan phase versus run-in phase.
a

Figure 4. Scatterplot of changes in proteinuria versus changes in
BP. Changes in proteinuria between week 0 and week 16 in the
32 and 64 mg candesartan groups are plotted against changes in
systolic BP over the same study period. Horizontal solid and
dashed lines indicate the median change in proteinuria in the
64 and 32 mg candesartan groups, respectively. Vertical lines
indicate the (not significantly different) mean change in systolic
BP in the groups. Note the absence of an overall correlation
between changes in BP and changes in proteinuria (Spearman
 ⫽ 0.149, P ⫽ 0.431).

initial level. Thus, 64 mg/d candesartan was more effective in
reducing proteinuria in patients with CKD than 16 and 32
mg/d. Of note, no serious adverse event was reported in relation to the ultrahigh dose of study medication; however,
hyperkalemia without clinical symptoms developed in two
patients. This confirms previous studies observing no doseresponse curves of serious adverse side effects with increasing
dose of ARB (20,21).
Antihypertensive agents reduce BP, reduce urinary protein
excretion, and slow the progression of kidney disease, with
ACE-I and ARB having the greatest effect (13–15). A multivariate analysis of controlled and uncontrolled trials showed that
each 10-mmHg reduction in BP leads to decrease in proteinuria
by 40% (25). In our study, BP was not significantly different
between the two groups as documented in the whole study
group by casual BP measurements and in the subgroup of 20
patients by 24-h ambulatory BP monitoring. We observed a
decrease in casual diastolic BP in the 64 mg candesartan group,
but this could not be confirmed by 24-h ambulatory BP monitoring. Moreover, changes in BP were not related to change in
proteinuria. A similar observation has been made in antihypertensive dose ranges of candesartan (8 to 16 to 32 mg) (26). Thus,
antihypertensive effects of very high doses of ARB did not
predict the antiproteinuric effects. Of note, consistent results
with respect to the decrease of proteinuria in the 64 mg candesartan group were found in the subgroup in which no change
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Table 3. Systemic and renal hemodynamic parameters (substudy, n ⫽ 20)a

ABP systolic (mmHg)
first 16 mg candesartan
high-dose candesartan
ABP diastolic (mmHg)
first 16 mg candesartan
high-dose candesartan
GFR (ml/min)
first 16 mg candesartan
high-dose candesartan
Renal plasma flow (ml/min)
first 16 mg candesartan
high-dose candesartan
Filtration fraction (%)
first 16 mg candesartan
high-dose candesartan

Candesartan, 32 mg
n⫽7

Candesartan, 64 mg
n ⫽ 13

P

137 ⫾ 12
134 ⫾ 7

129 ⫾ 12
131 ⫾ 14

NS
NS

82 ⫾ 12
81 ⫾ 8

77 ⫾ 8
79 ⫾ 8

NS
NS

105 ⫾ 42
103 ⫾ 27

103 ⫾ 30
101 ⫾ 28

NS
NS

679 ⫾ 466
503 ⫾ 166

561 ⫾ 212
473 ⫾ 122

NS
NS

20 ⫾ 9
21 ⫾ 5

20 ⫾ 5
22 ⫾ 6

NS
NS

All data are expressed as mean ⫾ SD. P values in the table are given for comparison between treatment groups (t test).
There were no significant differences between the treatment groups and no significant changes attributable to treatment
within the groups. ABP, ambulatory 24-h blood pressure.
a

of 24-h ambulatory BP was observed. Finally, withdrawal of the
ultrahigh dose of candesartan resulted in an increase of proteinuria, in contrast to BP that did not change.
In a subset of patients, renal plasma flow and GFR were
examined. This analysis did not indicate that the greater reduction in proteinuria in the 64-mg group as compared with the
32-mg group was due to changes of renal hemodynamics.
Previously, an increase of intraglomerular pressure observed
with the calcium channel blocker amlodipine was attributed to
the proteinuria observed with calcium channel blockers; in
contrast, in the group that was treated with the ARB valsartan,
no such changes in intraglomerular pressure were found
(27,28). Because angiotensin II increases oxidative stress and
induces or accelerates fibrotic and inflammatory processes,
blockade of angiotensin II at the receptor level may be responsible for the BP-independent, nephroprotective effects in the 64
mg candesartan group (29,30). In the Losartan Intervention for
Endpoint Reduction (LIFE), IDNT, and RENAAL trials, BP
control was equally effective in the treatment groups; nevertheless, reduction in renal and cardiovascular end points occurred in patients who were treated with ARB (8,9,12). Clearly,
the specific antiproteinuric effects are to some extent independent of the drugs’ ability to lower systemic BP. This notion is
supported further by experimental data showing that albumin
filtered through the glomerular capillary barrier has an intrinsic
toxicity on the proximal tubular cells, induces mediators of
inflammatory and fibrotic processes, and contributes to the
progression of renal damage (30,31).
Various clinical studies support the notion that the dose of
ARB is inversely related to proteinuria, independent of BP
control (30 –33). The largest trial in patients with type 2 diabetes
and microalbuminuria, the Irbesartan in Patients with Type 2
Diabetes and Microalbuminuria (IRMA) 2 study, found that

progression of diabetic nephropathy occurred in approximately
15% of patients who had diabetes and received a high dose of
ARB (irbesartan 300 mg/d): In 10% of those who received a low
dose of ARB (irbesartan 150 mg/d) and in 5% of the control
group who received placebo on top of other antihypertensive
medication (32). Other trials with ARB and ACE-I confirmed
that a greater dose leads to a greater reduction in proteinuria in
patients with CKD (33–36). It is important to stress, however,
that so far, all of these trials used pharmacologic doses approved for antihypertensive treatment in the United States or
Europe. We now applied a dose above the one recommended
for antihypertensive treatment and found that 64 mg/d candesartan is more effective than lower doses of candesartan. Thus,
it seems that for ARB, the dose-response curves for antihypertensive and antiproteinuric effects are not identical.
One limitation of our study is the relatively small number of
patients. However, we chose a study protocol that had three
specific characteristics: First, by choosing a run-in phase of at
least 3 mo with treatment of either ACE-I or ARB followed by
a standard dose of 16 mg/d candesartan for an additional 4 wk,
we attempted to achieve a stable clinical condition, before
randomization, in particular with respect to proteinuria. Indeed, proteinuria and BP were stable at week 0 and week 4 and
also similar between the two groups. Significant reduction of
proteinuria was found in the 64 mg candesartan group as
opposed the 32-mg group, irrespective of whether changes
from the end of the run-in phase or the first 16 mg candesartan
phase were taken. Second, allocation to 32 or 64 mg/d candesartan was at random and double blind. Third, reinstitution of
the standard dose of 16 mg/d candesartan enabled us to conclude that the decrease of proteinuria during the ultrahigh dose
candesartan 64 mg/d treatment was closely linked to the dose
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of candesartan, because proteinuria increased after reinstitution
of the lower dose of candesartan without any effect on BP.
One might speculate whether urinary sodium excretion has
influenced our results (34). Although we cannot rule out such
an effect, we believe that the effect must have been minimal.
The greater reduction of proteinuria in the 64 mg candesartan
group was found not only from the run-in phase (week 0 versus
week 16) but also from the first candesartan phase to the
high-dose candesartan phase (week 4 versus week 16). During
this period (week 4 versus week 16), however, no significant
change in urinary sodium excretion occurred (Table 2). No
significant changes in urinary sodium excretion were noted
between the 32 and 64 mg candesartan groups. Moreover, after
downtitration of candesartan dose from 64 to 16 mg (week 20),
proteinuria increased, whereas urinary sodium excretion did
not change.
We do not know whether the antiproteinuric effect will be
transferred into a lower rate of renal and cardiovascular end
points and whether longer periods of ultrahigh doses may have
greater antiproteinuric effects. In a Danish subsample of the
IRMA-2 trial (37), the study medication was withdrawn for 4
wk, and the benefit of protein reduction was maintained only in
the group that was treated with the higher dose of irbesartan
(300 mg/d). In this study, proteinuria returned to the initial
values, but our patients differ significantly from the ones included in the IRMA-2 withdrawal trial: We examined patients
with overt proteinuria and with known CKD, i.e., patients with
more advanced nephropathy than the ones included in the
IRMA-2 trial. At present, we can only speculate whether a
longer period of medication with an ultrahigh dose of ARB
leads to prolonged organ-protective effects in humans.
In summary, in our double-blind, randomized, controlled,
and prospective trial, the ultrahigh dose of the ARB candesartan (64 mg/d) produced a greater antiproteinuric effect than
doses of 16 or 32 mg/d. This effect seemed not to be BP related.
Withdrawal of the ultrahigh dose leads to a relapse of proteinuria, thereby confirming the additional antiproteinuric effect of
64 mg/d candesartan. On the basis of most recent data demonstrating that reduction of proteinuria is closely related to
lower incidence of renal and cardiovascular end points, the
hypothesis is forwarded that ARB at an ultrahigh dose exert
additional organ-protective effects that seem to be to some
extent beyond their BP-lowering effects.
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Errata
Correction
Schmieder et al.: Additional Antiproteinuric Effect of Ultrahigh Dose Candesartan: A Double-Blind, Randomized, Prospective Study. J Am Soc Nephrol 16: 3038 –3045, 2005.
The authors regretfully report an error in quoting the findings of the Irbesartan in Patients with Type 2 Diabetes and
Microalbuminuria 2 (IRMA 2) Study at the bottom of the left
column on page 3043. The second sentence of the paragraph
beginning, “Various clinical studies support. . . ,” should read
as follows:
The largest trial in patients with type 2 diabetes and microalbuminuria, the Irbesartan in Patients with Type 2 Diabetes
and Microalbuminuria 2 (IRMA 2) Study, found that progression of diabetic nephropathy occurred in approximately 5% of
patients who had diabetes and received a high dose of ARB
(irbesartan 300 mg/day): In 10% of those who received a low
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dose of ARB (irbesartan 150 mg/day) and in 15% of the control
group who received placebo on top of other antihypertensive
medication (32).

Correction
Wahab et al.: Connective Tissue Growth Factor CCN2 Interacts with and Activates the Tyrosine Kinase Receptor TrkA.
J Am Soc Nephrol 16: 340 –351, 2005.
In this article, Figure 5 is in fact a duplicate of Figure 12.
Please see the correct Figure 5 below. The legend for Figure 5 is
correct as published. The publisher regrets this error.
Also in this article, the authors would like to correct a reference to Figure 13. On page 347, in the second line from the top
of the right column, the textual reference to Figure 11 should
refer instead to Figure 13. The authors regret this error.
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