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ABSTRACT
High levels of proteinuria predict renal deterioration, suggesting that interventions to reduce proteinuria
may postpone the development of severe renal impairment. This multicenter Canadian trial evaluated
whether supramaximal dosages of candesartan would reduce proteinuria to a greater extent than the
maximum approved antihypertensive dosage. The authors randomly assigned 269 patients who had persis-
tent proteinuria (�1 g/d) despite 7 wk of treatment with the highest approved dosage of candesartan (16
mg/d) to 16, 64, or 128 mg/d candesartan for 30 wk. The median serum creatinine level was 130.0 �mol/L
(1.47 mg/dl), and the median urinary protein excretion was 2.66 g/d; most (53.9%) patients had diabetic
nephropathy. The mean difference of the percentage change in proteinuria for patients receiving 128 mg/d
candesartan compared with those receiving 16 mg/d candesartan was �33.05% (95% confidence interval
�45.70 to �17.44; P � 0.0001). Reductions in BP were not different across the three treatment groups.
Elevated serum potassium levels (K� � 5.5 mEq/L) led to the early withdrawal of 11 patients, but there were
no dosage-related increases in adverse events. In conclusion, proteinuria that persists despite treatment with
the maximum recommended dosage of candesartan can be reduced by increasing the dosage of candesar-
tan further, but serum potassium levels should be monitored during treatment.
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Proteinuria has been a marker of kidney disease;
however, recent research has shown that both renal
and cardiovascular outcomes seem to correlate with
the pretreatment levels of proteinuria and with the
reduction of proteinuria with treatment.1– 4 Reduc-
tion of BP lowers proteinuria, but the use of an an-
giotensin-converting enzyme inhibitor (ACEI) or
an angiotensin type 1 receptor blocker (ARB) re-
duces both proteinuria and the rate of deterioration
of renal function beyond those seen with equivalent
BP reduction from conventional antihypertensive
agents1,4; however, a secondary analysis from the
Reduction of Endpoints in NIDDM with Angioten-
sin II Antagonist Losartan (RENAAL) study
showed that reduction in BP and proteinuria may
occur discordantly and that residual albuminuria,

despite optimal reduction of BP, is a risk factor for
developing ESRD.5

Angiotensin II mediates hemodynamic effects as
well as inflammation and fibrosis in the kidney, heart,
and vasculature.6 Benefit beyond the hemodynamic
effects of an ACEI or an ARB has been seen in the
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treatment of heart failure.7 Maximal antifi-
brotic benefit in the kidney seems to require
dosages much higher than antihypertensive
dosages,8,9 perhaps because there are many
more angiotensin type 1 receptors in the kid-
ney and blocking all of them takes a dosage
greater than that needed for BP reduction. In
the past few years, clinical nephrologists have
attempted to lower proteinuria with high
dosages or combinations of ACEIs and ARBs.
Weinberg et al.10,11 showed better percentage
reductions of proteinuria with increasing
dosages of candesartan; maximum percent-
age reductions reached 75 to 80% in these
case series with treatment in excess of 128
mg/d candesartan. A small study (32 patients)
by Schmeider et al.12 reported a difference in
proteinuria reduction between candesartan
32 and 64 mg when compared with protein-
uria levels on previous therapy.

Previous studies evaluating high-dosage
ARBs in patients with diabetes and microalbuminuria have had
inconsistent results.13,14 High dosages of irbesartan have resulted
in a small additional reduction in proteinuria, whereas high dos-
ages of valsartan did not show any statistically significant addi-
tional reduction of proteinuria in patients with diabetes and pro-
teinuria �1 g/d.

For better understanding of the potential benefits and risks
of using dosages of candesartan greater than those recom-
mended for hypertension or heart failure treatment, the Supra
Maximal Atacand Renal Trial (SMART) was designed to assess
the effects of supramaximal dosages of candesartan compared
with the highest approved antihypertensive dosage of cande-
sartan in Canada (16 mg/d at the time the study was initiated)
in patients with primary glomerular diseases, diabetes, or hy-
pertensive glomerulosclerosis and persistent proteinuria �1
g/d (despite treatment with candesartan 16 mg/d).

RESULTS

A total of 400 patients were screened; 346 were enrolled in the
study (Figure 1) and placed on candesartan 16 mg for 7 wk
(Figure 2). The 269 patients who continued to have persistent
proteinuria �1 g/d and meet other study eligibility criteria
after the run-in period were randomly assigned. The baseline
characteristics of the randomly assigned patients were similar
in the three groups (Table 1). The study was completed by 72,
84, and 75 patients in the candesartan 16, 64, and 128 mg/d
groups, respectively.

Primary End Point
The geometric mean of the 24-h urine protein excretion was 2.85
g/d at randomization and 1.79 g/d at completion for the cande-
sartan 128-mg group; this represents a mean percentage change,

compared with the 16-mg group, of �33.05% (95% confidence
interval [CI] �45.70 to �17.44; P � 0.0001; Figure 3). When the
change in systolic BP (SBP) from randomization to completion
was used as a covariate in this analysis (in addition to center and
baseline levels of proteinuria), the mean percentage change for the
candesartan 128-mg group compared with the 16-mg group was
�30.06 (95% CI �43.30 to �13.72]; P � 0.0002). Furthermore,
the mean change in the per-protocol population treated with 128
compared with 16 mg was �44.34% (95% CI �58.01 to �26.25];
P � 0.0001). The geometric mean of the 24-h urine protein ex-
cretion was 2.83 g/d at randomization and 2.20 g/d at completion
for the candesartan 64-mg group; the mean percentage change as
compared with the 16-mg group was �16.91% (95% CI �32.7 to
�2.7]; P � 0.0492, NS adjusted for two comparisons). The mean
percentage change in proteinuria was �7.49% in the candesartan
16-mg group from randomization to completion (Table 2).

Proteinuria, as measured on spot urine samples, was signif-
icantly reduced for the candesartan 128-mg dosage at week 30
for the urine albumin:creatinine ratio (�29.77%; 95% CI
�44.43 to �11.24; P � 0.003) and urine protein:creatinine
ratio (�33.4%; 95% CI �45.58 to �18.50; P � 0.0001) but not
for the candesartan 64-mg dosage when compared with the
effect in the active control group (candesartan 16 mg).

The degree of proteinuria at randomization seemed to influ-
ence the response to treatment. Candesartan 128 mg reduced pro-
teinuria by �43.62% (95% CI �58.78 to �22.90; P � 0.0001) in
patients with proteinuria between 1 and 3 g/d and by �25.29%
(95% CI �45.46 to 2.32; P � 0.037) in those with �3 g/d when
compared with the effect in the active control group (candesartan
16 mg). In neither stratum was proteinuria reduced significantly
in the candesartan 64-mg treatment group (�16 and �15% in
the 1 to 3 and �3 g/d strata, respectively). A post hoc analysis
demonstrated that the reduction of proteinuria was similar in
both patients with and without diabetes.

Figure 1. Study design for the trial.
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Secondary End Points
Serum creatinine levels increased by 7.85,
8.82, and 6.74% in the 16-, 64-, and 128-mg
dosage groups, respectively, from randomiza-
tion to the end of active dosage treatment
(Table 3). The changes seen for the candesar-
tan 64- or 128-mg dosage were not signifi-
cantly different compared with the candesar-
tan 16-mg dosage. Similarly, there were no
significant changes in estimated GFR (eGFR)
in the three treatment groups (Table 3). There
was no significant change in urine sodium
content in any group.

There was no significant difference among
the three treatment groups for serum potas-
sium concentration (4.43�0.47, 4.57�0.64,
and 4.56 � 0.57 mmol/L for the 16-, 64-, and
128-mg candesartan groups, respectively) at
the end of active treatment; neither was there
a difference in the change in serum potassium
levels. The mean percentage reduction in
plasma aldosterone level in the candesartan
128-mg treatment group was significantly
different compared with the response in the
candesartan 16-mg group from randomiza-
tion to completion (�18.96%; 95% CI

Table 1. Patient demographics at randomization visita

Demographic
16 mg/d
(n � 90)

64 mg/d
(n � 90)

128 mg/d
(n � 89)

Age (yr; mean � SD) 56.5 � 12.2 54.8 � 12.4 54.6 � 12.6
Male gender (%) 80.0 77.8 80.9
Weight (kg; mean � SD) 92.5 � 20.5 89.7 � 19.3 93.5 � 19.5
BMI (kg/m2; mean � SD) 31.6 � 6.2 31.6 � 6.4 32.2 � 6.3
SBP (mmHg; mean � SD) 133.3 � 13.9 132.5 � 16.0 131.7 � 14.2
DBP (mmHg; mean � SD) 76.9 � 10.2 78.5 � 9.5 76.9 � 9.0
Pulse (bpm; mean � SD) 73.6 � 9.9 70.2 � 10.4 70.8 � 10.4
Race (%)

white 83.3 91.1 75.3
black 3.3 2.2 5.6
Asian 10.0 5.6 12.4
other 3.3 1.1 6.7

Renal disease diagnosis (%)
primary glomerular disease 30.0 37.8 32.6
hypertensive nephrosclerosis 14.4 10.0 13.5
diabetic nephropathy 55.6 52.2 53.9

Previous use of ACEI or ARB (%)
ACEI 49.4 42.2 41.0
ACEI and ARB 25.8 18.1 19.3
ARB 22.5 39.8 37.3

Time from onset of disease (%)
0 to 5 yr 66.7 67.8 59.8
�5 yr 33.3 32.2 40.4

Degree of proteinuria (%)
1 to 3 g/d 57.8 57.8 56.2
�3 g/d 42.2 42.2 43.8

aBMI, body mass index.

Figure 2. Patient flow chart and outcomes.
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�30.52 to �5.47; P � 0.0077). Only in the candesartan 128-mg
group was there a significant correlation between the change in
plasma aldosterone level and the change in 24-h urine protein
content (r � 0.37, P � 0.0087).

Neither systolic nor diastolic BP (DBP) was statistically dif-
ferent across the three groups at randomization; at comple-
tion, there was a NS difference across the three treatment
groups when baseline value and center were included as covari-
ates (Table 4). BP decreases in the candesartan 64- and 128-mg
groups were NS (Table 4); there was no correlation between
the changes in BP and the changes in 24-h urine protein excre-
tion (Figure 4). The correlation coefficient was 0.35 for the
candesartan 128-mg group (P � 0.188 versus 16 mg). There
was no significant difference in pulse rate at randomization or
completion across the three groups.

Safety
No patients died during the study. During the randomized
phase of the study, there were 32 serious adverse events
reported by 24 patients. Twenty-four patients discontinued
participation as a result of adverse events (Table 5). Eleven
patients were discontinued as a result of elevations in serum
potassium levels �5.5 mmol/L; this occurred in four, four,
and three patients, respectively, in the three treatment
groups. One patient in the 16-mg group and two patients in
the 128-mg group (neither had been titrated to 128 mg)
were discontinued as a result of an elevated serum creati-
nine level. Two other patients in the candesartan 16-mg
group were discontinued as a result of renal problems: One
patient developed acute renal failure after an episode of
status asthmaticus, and one patient developed crescentic
glomerulonephritis superimposed on his original IgA ne-
phropathy. One patient was discontinued as a result of hy-
potension, and one was discontinued as a result of hyper-
tension. The most frequent adverse events were peripheral
edema, nasopharyngitis, fatigue, and headache. Peripheral
edema seemed to occur less often as the dosage of candesar-
tan increased (22.2, 18.9, and 12.4%, respectively).

Table 3. Secondary objectives: Change in renal functiona

Parameter 16 mg/d 64 mg/d 128 mg/d

Serum creatinine level (�mol/L; geometric mean � SEM)
randomization 127.00 � 0.05 119.00 � 0.04 135.00 � 0.05
completion 137.00 � 0.05 129.00 � 0.04 144.00 � 0.05
% change 7.85 � 1.69 8.82 � 1.69 6.74 � 1.84
treatment comparison with 16 mg 0.83 (�4.34 to 6.27) �0.62 (�5.67 to 4.69)

eGFR (ml/min per 1.73 m2; geometric mean � SEM)
randomization 52.00 � 0.06 55.00 � 0.05 49.00 � 0.05
completion 47.00 � 0.06 50.00 � 0.05 45.00 � 0.05
% change �8.50 � 2.00 �9.50 � 2.00 �7.50 � 2.10
treatment comparison with 16 mg 1.09 (�6.92 to 5.10) �0.86 (�5.04 to 7.12)

Serum potassium levels (mmol/L; mean � SD)
randomization 4.47 � 0.54 4.54 � 0.57 4.45 � 0.46
completion 4.43 � 0.47 4.57 � 0.64 4.56 � 0.57
change 0.00 � 0.36 0.05 � 0.54 0.13 � 0.44

Urine sodium content (mmol/d; mean � SD)
randomization 226.50 � 83.70 229.90 � 93.40 233.40 � 61.80
completion 224.00 � 80.70 221.60 � 81.60 200.50 � 58.00
change 6.70 � 77.50 �12.20 � 71.60 �18.50 � 68.10

aAnalysis of covariance model with center and baseline measure as covariates.

Figure 3. Percentage reduction in 24-h proteinuria at weeks 6
and 30 by candesartan dosage. Number of patients for 64-mg
treatment arm were 88 and for the 128-mg treatment arm were 82
and 83 for weeks 6 and 30, respectively. **P � 0.0001

Table 2. Proteinuria results in g/d and percentage change
at various dosages of candesartana

Urinary Protein
Valuesb 16 mg 64 mg 128 mg

Randomization
(SEM)

2.80 � 0.07 2.83 � 0.06 2.85 � 0.07

Completion 2.59 � 0.08 2.20 � 0.08 1.79 � 0.11
� Randomization

(%)
�7.49 � 5.69 �22.23 � 6.17 �36.95 � 7.05

� versus 16 mg NA �16.91 �33.05
aAnalysis of covariance model with center and proteinuria at baseline as
covariates.
bGeometric means were used to calculate the urinary protein values, because
these values are presented as a percentage change.
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DISCUSSION

This study demonstrated that using the ARB candesartan at the
dosage of 128 mg/d, a dosage much higher than the maximum
dosage recommended for the treatment of hypertension or
heart failure, results in a further significant reduction in uri-
nary protein excretion. When the study was planned and ini-
tiated, 16 mg of candesartan was the maximum approved dos-
age for the treatment of hypertension in Canada; hence,
candesartan 16 mg was the active control in this study. Because
this study tested two treatments (64 and 128 mg) versus 16 mg
active control, the level of significance had to be reduced to P �
0.025, otherwise the candesartan 64-mg treatment would have
been significantly better than candesartan 16 mg. The addi-
tional antiproteinuric effect of high-dosage candesartan is in-
dependent of BP reduction. The antiproteinuric effect of can-
desartan 128 mg was consistently observed in the 1- to 3- and
�3-g/d groups and in the patient groups with and without
diabetes.

Proteinuria has generally been used as a marker for the se-
verity of renal disease. Recently, proteinuria was demonstrated
to be a risk marker for cardiovascular disease. A secondary
analysis of the RENAAL study that used losartan up to the
maximum recommended antihypertensive dosage for the
treatment of patients with diabetic nephropathy showed that
cardiovascular outcomes, as well as renal outcomes, were re-
lated to both the degree of proteinuria at initiation of treat-
ment and the percentage reduction of proteinuria after 6 mo of
treatment.3–5 These subanalyses demonstrated that the response
to losartan could be discordant and that those who responded
with a reduction of albuminuria had better outcomes, indepen-
dent of BP reductions. This finding leads to the hypothesis that
purposefully aiming for lower levels of proteinuria with blockade
of the renin-angiotensin-aldosterone system may lead to im-

proved cardiovascular outcomes. The Renoprotection of Optimal
Antiproteinuric Doses (ROAD) study15 demonstrated that
higher, compared with lower, dosages of ACEI or ARB in patients
with nephropathy and without diabetes led to a reduction of pro-
teinuria and to a reduction of renal end points as well. It is not yet
known whether the ability to reduce proteinuria further with a
supramaximal dosage of candesartan could result in further re-
duction in cardiovascular as well as renal outcomes for patients
with diabetic or nondiabetic nephropathy.

In 2005, a small study evaluated the effect of candesartan 32
and 64 mg in 32 patients (24 had glomerulonephritis, and five had
diabetes) with proteinuria and an average protein excretion of
2.35 g/d at enrollment; the primary outcome was the change in
proteinuria from enrollment (at which time patients could be on
any ACEI or ARB for a minimum of 3 mo) to the evaluation
performed after the patients had been on the randomized dosage
for 8 wk. That study demonstrated no additional effect of cande-
sartan 32 mg over the patients’ previous ACEI and ARB treat-
ment, whereas candesartan 64 mg lowered proteinuria 42% from
the level at enrollment; however, that study was small with a high

Figure 4. Correlation between changes in SBP and changes in
proteinuria.

Table 4. BP and pulse rate at enrolment, randomization,
and completion in the three treatment groupsa

Parameter 16 mg/d 64 mg/d 128 mg/d

SBP (mmHg)
enrollment 142.0 � 19.5 136.2 � 15.7 141.2 � 18.3
randomization 134.1 � 15.1 134.9 � 15.1 134.8 � 14.5
completion 133.4 � 15.3 131.5 � 20.0 130.3 � 17.0
�randomizationb �0.6 � 11.6 �3.3 � 18.6 �4.0 � 12.4

DBP (mmHg)
enrollment 79.9 � 10.1 77.8 � 8.3 82.9 � 10.3
randomization 75.7 � 8.0 77.7 � 9.1 79.7 � 8.3
completion 75.4 � 9.5 76.5 � 10.1 75.7 � 9.7
�randomizationb �0.6 � 8.6 �0.8 � 9.3 �3.8 � 7.8

Pulse (bpm)
enrollment 71.7 � 10.0 69.4 � 10.4 69.6 � 11.0
randomization 72.7 � 9.9 70.5 � 11.7 72.2 � 11.8
completion 71.9 � 10.3 69.3 � 11.9 69.8 � 10.5
�randomizationb �1.1 � 10.2 �1.0 � 10.5 �1.7 � 10.6

aData are means � SD.
bAll measures are P � 0.05 when high dosages are compared with 16 mg/d.
Model includes baseline measure and center as covariates.

Table 5. Discontinuations as a result of adverse events
occurring after randomization

Adverse Event
16

mg/d
64

mg/d
128

mg/d

Elevated serum potassium (�5.5
mmol/L)

4 4 3

Elevated serum creatinine 1 2
Renal problems

acute renal failure 1
crescentic glomerulonephritis 1

Angina 1
Myalgia 1
Erosive esophagitis 1
Bladder infection, fever 1
Hypotension 1
Irregular heart rate, edema, worsening

of hypertension
2

Dyspnea, pain, headache, rhinorrhea 1
Total 11 5 8
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risk for a type 1 error and no predetermined sample size esti-
mate.12 Also, the 8-wk duration may not have been long enough
to assess the total effect of the interventions. In the SMART, the
use of an active control arm of candesartan 16 mg demonstrated
that during the subsequent 30 wk after randomization, there was
an additional reduction in proteinuria for which the analysis of
the other treatments needed to control; therefore, in the study by
Schmeider et al.,12 the effect of candesartan 32 mg may have actu-
ally been greater given a longer study duration and hence the effect
of candesartan 64 mg would have been different.

Previous controlled trials with high dosages of ARBs have
given inconclusive results. One trial using a crossover design in-
cluded 52 patients with type 2 diabetes and �1 g/d albuminuria
(measured after patients had been free of antihypertensive medi-
cation for 8 wk). The patients were treated with irbesartan at dos-
ages of 300, 600, and 900 mg/d for 10-wk treatment periods each
in a crossover design.13 The reductions in BP were similar across
the three dosages, and urinary albumin excretion fell 52, 49, and
59%, respectively, from the drug-free baseline (P � 0.01); there-
fore, increasing the daily irbesartan dosage to three times the rec-
ommended dosage reduced urinary albumin excretion an addi-
tional absolute amount of 7%, whereas in our study, candesartan
128 mg resulted in an additional 33% absolute reduction in pro-
teinuria. In another recent trial using high-dose ARB therapy, the
Diovan Reduction Of Proteinutria (DROP) study reported the
randomization of 391 patients with diabetic nephropathy and an
albuminuria rate of 20 to 700 �g/min (maximum of approxi-
mately 900 mg/d) to valsartan 160, 320, or 640 mg/d.14 The DBP
was significantly lower in the group treated with the valsartan
640-mg dosage. Although each of the three dosage levels of valsar-
tan reduced proteinuria significantly compared with the drug-
free baseline, there was no increased effect of the 320- or 640-mg
dosage compared with the 160-mg dosage; therefore, the three
largest studies that evaluated the effect of high dosages of ARBs on
proteinuria used different incremental dosages of different ARBs
in populations of patients with different glomerular diseases with
different ranges of proteinuria. This study used a mix of patients,
although the majority had type 2 diabetes and the other trials had
only patients with type 2 diabetes. In this study, only patients who
continued to have �1 g/d proteinuria while on standardized ARB
treatment were included, whereas the patients in the other trials
had a lesser degree of proteinuria and started from a baseline ther-
apy that lacked any inhibitor of the renin-angiotensin system. BP
control in this trial was very good compared with that in the
DROP study, perhaps because we did not stop antihypertensive
treatment in our patients before randomization.

High-dosage therapy with candesartan was well tolerated, with
only 11 (4.1%) patients requiring discontinuation from the study
as a result of high serum potassium levels (defined as serum K� �
5.5 mmol/L in this study). This may have been due to the exclu-
sion of patients with a serum K� level � 5.5 mmol/L at baseline or
on more than one occasion in the 6 mo before visit 1. In an obser-
vational study of �12,500 patients who had type 2 diabetes and
were followed for 3 yr, the prevalence of a serum potassium level
� 5.5 mmol/L was 4% in patients with diabetic (proteinuric) ne-

phropathy and an eGFR � 60 ml/min per 1.73 m2; the prevalence
of the high serum potassium level rose to 8% in patients with type
2 diabetes and a GFR between 45 and 59 ml/min per 1.73 m2 (only
49% of this cohort had proteinuria).16 Therefore the patients who
had diabetes and were recruited for the SMART likely represented
the majority of patients with diabetic nephropathy and the dis-
continuation of 4.1% of patients with a serum K level � 5.5
mmol/L is not excessive compared with the prevalence rates of
high serum K levels in that population of patients. With biochem-
ical monitoring and appropriate dietary counseling as needed,
this study has demonstrated that a broad range of patients with
proteinuria can benefit from high-dosage candesartan treatment
in a safe manner.

In summary, in this trial of patients with persistent protein-
uria � 1 g/d despite treatment with candesartan 16 mg/d and
good BP control, treatment with candesartan at dosages four
and eight times the originally recommended daily dosage of 16
mg resulted in an additional 33% reduction in proteinuria
(with candesartan 128 mg/d); however, because better reduc-
tion in proteinuria may result in better renal and cardiovascu-
lar outcomes for high-risk patients with proteinuria, more
studies are required to find the optimal dosage for reduction of
proteinuria and to explore the effects of that dosage on renal as
well as cardiovascular outcome end points.

CONCISE METHODS

Study Design
This prospective, randomized, double-blind, active-controlled, par-

allel-group study was conducted at 29 nephrology centers and clinics

in Canada. It was developed by the steering committee (E.B., N.M.,

and P.R.d.C.) in collaboration with AstraZeneca Canada and man-

aged and coordinated by the steering committee and AstraZeneca

Canada. The protocol was reviewed and approved by the research

ethics boards at each of the academic centers and by IRB Services

(Aurora, Canada) for those community centers. The main database

and data handling was supported by AstraZeneca Canada. The statis-

tical analyses were predetermined by the steering committee and per-

formed by the statistician at AstraZeneca Canada in collaboration

with the steering committee. The study was conducted in accordance

with the Declaration of Helsinki. E.B. and the steering committee

prepared the manuscript.

Selection and Description of Participants
Eligible patients were men or women who were aged 18 to 80 yr and

provided written informed consent. The eligible patients had primary

glomerular disease that was not currently being treated with any dis-

ease-specific treatment, diabetic nephropathy or hypertensive ne-

phrosclerosis, and a urine protein measurement of �1 g/d on at least

two occasions in the previous 6 mo. Patients could not be taking

immunosuppressant drugs, corticosteroids, or nonsteroidal anti-in-

flammatory medications. Patients were required to have stable hyper-

tension defined as no new antihypertensive medications started

within 6 wk of visit 1. Patients taking ACEIs or ARBs must have been
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doing so for a minimum period of 3 mo before visit 1. SBP must have

been �170 and DBP �100 mmHg with the use of antihypertensive

medications. Exclusion criteria were the presence of known or sus-

pected secondary hypertension including bilateral renal artery steno-

sis or unilateral renal artery stenosis to a solitary kidney, pregnancy, a

serum creatinine level �300 �mol/L or an eGFR �30 ml/min per 1.73

m2 (abridged Modification of Diet in Renal Disease [MDRD] equa-

tion), presence of polycystic kidney disease, systemic lupus erythem-

atosus, polyarteritis nodosa, amyloidosis or myeloma, or a serum po-

tassium level �5.5 mmol/L at baseline or on more than one occasion

in the 6 mo before visit 1.

Enrollment, Randomization, and Treatment
Patients were evaluated at the enrollment visit. When they met the

inclusion and exclusion criteria, they underwent clinical and labora-

tory evaluation. No urine assessment was done at this visit. When they

met the laboratory enrollment criteria, they were seen 1 wk later at

visit 2. At that visit, their previous ARB and/or ACEI treatment was

discontinued and all patients received open-label candesartan (Ata-

cand; AstraZeneca, Mississauga, Canada) 16 mg/d for 7 wk. At visit 4,

patients completed two 24-h urine collections and had baseline labo-

ratory evaluations performed. One week later, at visit 5, patients who

continued to have a urine protein excretion �1 g/d and meet other

study eligibility criteria were randomly assigned, using an interactive

voice response system, to receive either candesartan 16, 64, or 128

mg/d. The patients’ allocation was blocked with a block size of 3 in a

1:1:1 ratio; patients were stratified according to degree of proteinuria

as �3 g/d or between 1 and 3 g/d. Forced titration of candesartan

dosage was undertaken during the next 6 wk, with laboratory and

clinical evaluation of the patient every 2 wk; randomized treatment

continued for an additional 24 wk with clinical and laboratory evalu-

ations every 4 wk. Patients underwent their final clinical and labora-

tory evaluations at visit 14, after 30 wk total on randomized therapy. A

final safety and laboratory evaluation was completed for all patients 2

wk after cessation of randomized treatment (visit 15, week 32). Addi-

tional antihypertensive medications, excluding ACEIs, ARBs, or non-

dihydropyridine calcium channel blockers, could be added to ran-

domized treatment at the discretion of the treating physician to

reduce BP to the target of 125/75 mmHg. Two 24-h urine collections

were completed before randomization (visit 4), at the end of dosage

titration (visit 8), and at week 30 (visit 14); spot urine samples were

collected at all visits between the end of dosage titration and comple-

tion for analysis of albumin-to-creatinine and protein-to-creatinine

ratios. Compliance was checked at every visit by pill counts with pa-

tients continuing only when compliance was between 80 and 120%.

End Points
The primary end point was the percentage change in 24-h urine pro-

tein content from randomization (week 0, visit 5, at which time all

patients were receiving candesartan 16 mg) to week 30 as compared

with the change in 24-h urine protein content in the 16-mg group

from randomization to the end of treatment. Secondary outcomes

included effects on renal function as measured by serum creatinine

levels and eGFR, BP, and the safety of high-dosage candesartan.

Statistical Analysis
The statistical analysis of the primary and secondary variables, 24-h

urine protein content and BP change from randomization, and serum

creatinine levels was performed using an analysis of covariance with

CIs for the difference in score between treatments via a mixed model

and an unstructured variance-covariance matrix. The statistical

model included center as a random covariate and severity of disease at

baseline. The analysis of the 24-h urine protein content and the sec-

ondary analysis of the serum creatinine level was therefore performed

on visit 14 or last observation carried forward. With the exception of

BP, all primary and secondary variables were log-transformed (natu-

ral logarithms) for comparison and back-transformed for the results

presentation. Residual analysis showed no deviation from statistical

normality. Descriptive statistics included geometric means and SEMs

in the log scale for individual treatments and for the change from

randomization, the geometric mean percentage change and the SEM.

All statistical tests were two-sided, and 97.5% CIs were con-

structed for the primary and secondary variables and presented as

95% adjusted. Any comparison was declared significant at P � 0.025

as a means to adjust for two treatment comparisons. The candesartan

16-mg treatment group served as an active treatment group for the

treatment comparisons. Comparisons were done for the intention-

to-treat groups. Because of the inherent variation in urinary protein

excretion, two 24-h urine collections for protein were performed, and

analysis was performed using the higher of the two values.

The sample size estimation was based on unpublished data from a

pilot study using higher than approved dosages of candesartan in a

group of patients with persistent proteinuria. It was assumed that the

24-h urine protein excretion followed an approximately normal dis-

tribution, that the mean treatment difference (1.27 g) and data dis-

persion (SD 2.66) between the 16- and the 64-mg group would be of

the same magnitude as in the unpublished study. This also provided a

moderate mean candesartan effect size of 0.47 for this standard and

high ARB dosage. Under these conditions, at least 71 completed pa-

tients (89 randomly assigned assuming a 30% dropout rate) would be

needed per treatment arm to obtain statistical significance. This com-

parison also assumes an 80% chance of finding differences (if they

clinically exist), a 0.05 probability of a type I error, and a two-sided

statistical test. No statistical interim analysis was planned, and none

was performed.
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