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Abstract
Background and objectives Albuminuria change is often used to assess drug efﬁcacy in intervention trials in
nephrology. The change is often calculated using a variable number of urine samples collected at baseline and end
of treatment. Yet more albuminuria measurements usually occur. Because albuminuria shows a large day-to-day
variability, this study assessed to what extent the average and the precision of the antialbuminuric drug effect
varies with the number of urine collections at each visit and the number of follow-up visits.
Design, setting, participants, & measurements This study used data from three randomized intervention trials
(Aliskiren Combined with Losartan in Type 2 Diabetes and Nephropathy, Selective Vitamin D Receptor
Activation for Albuminuria Lowering, and Residual Albuminuria Lowering with Endothelin Antagonist
Atrasentan) including patients with type 2 diabetes and macroalbuminuria. Albuminuria-lowering drug effects were
estimated from one, two, or three urine collections at consecutive days before each study visit and reported as
albuminuria change from baseline to end of treatment or the change over time considering an average of all follow-up
albuminuria measurements.
Results Increasing the number of urine collections for an albuminuria measurement at baseline and end of
treatment or using all study visits during follow-up did not alter the average drug effect. The precision of the
drug effect increased (decreased SEM) when the number of study visits and the number of urine collections per
visit were increased. Using all albuminuria measurements at all study visits led to a 4- to 6-fold reduction in
sample size to detect a 30% albuminuria-lowering treatment effect with 80% power compared with using baseline
and end-of-treatment albuminuria measurements alone.
Conclusions Increasing the number of urine collections per study visit and the number of visits over time does not
change the average drug effect estimate but markedly increases the precision, thereby enhancing statistical
power. Thus, clinical trial designs in diabetic nephropathy using albuminuria as an end point can be signiﬁcantly
improved, leading to smaller sample sizes and less complex trials.
Clin J Am Soc Nephrol 10: 410–416, 2015. doi: 10.2215/CJN.07780814

Introduction
Albuminuria is often used as a clinical trial end point to
establish drug efﬁcacy in early stages of drug discovery.
In these trials, the change in albuminuria is often
determined between two predetermined time points:
randomization and end of treatment (1–3). However,
many more urine samples for albuminuria measurement are usually collected during the trial that are
not used to determine drug efﬁcacy. The use of only
baseline and end-of-treatment albuminuria values to
determine drug efﬁcacy may be problematic because
albuminuria is subject to large day-to-day variability
(4). The large day-to-day variability in albuminuria
may hamper the accuracy and precision of drug effect
estimates if only two predetermined time points are
used.
To our knowledge, no study has systematically assessed
the effect of the number of albuminuria measurements on
antialbuminuric drug effect estimates. First, we questioned
410
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whether multiple consecutive albuminuria collections
per visit at baseline and end of treatment alter the
average drug effect. Second, we questioned whether
using the albuminuria data of multiple follow-up
visits alters the average drug effect estimates. Finally,
we assessed whether the precision of the drug effect
changes when the frequency of urine collections is
increased during follow-up.
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Materials and Methods
Patients and Clinical Trials
Data from the Aliskiren Combined with Losartan in
Type 2 Diabetes and Nephropathy (AVOID), Selective
Vitamin D Receptor Activation for Albuminuria Lowering (VITAL), and Residual Albuminuria Lowering
with Endothelin Antagonist Atrasentan (RADAR) trials
were used for this study (1,2,5). These trials all enrolled
patients with type 2 diabetes and macroalbuminuria.
www.cjasn.org Vol 10 March, 2015
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In the AVOID trial, 599 patients with type 2 diabetes and a
urinary albumin/creatinine ratio (UACR).300 mg/g (or
UACR.200 mg/g for patients on medication blocking the
renin-angiotensin-aldosterone System [RAAS]) and
eGFR$30 ml/min were enrolled (2). After a run-in period of
3 months in which every patient received losartan 100 mg/d,
patients were randomly allocated to either placebo or active
treatment with aliskiren 150 mg/d with a dose increase to
300 mg/d after 12 weeks. During the 24-week follow-up
period, ﬁrst morning voided (FMV) urine was collected at
randomization and at week 4, 8, 12, 16, and 24.
In the VITAL trial, 281 patients on stable RAAS medication
with type 2 diabetes and nephropathy deﬁned as a UACR
of 100–3000 mg/g and eGFR between 15 and 90 ml/min
were randomly allocated to 24 weeks of treatment with
either placebo or active treatment with paricalcitol 1 mg/d or
2 mg/d (1). FMV urine collections were performed at randomization and 4, 8, 12, 16, 20, and 24 weeks thereafter.
The study demonstrated a dose-dependent effect of paricalcitol on albuminuria. Paricalcitol 1 mg/d did not decrease albuminuria, whereas paricalcitol 2 mg/d did when
all study visits over time were taken into account. Because
there was no effect of paricalcitol 1 mg/d on albuminuria,
we excluded this treatment arm for the purpose of this
study.
The RADAR trial enrolled 211 patients taking the maximum recommended antihypertensive dose of RAAS medication who were diagnosed with type 2 diabetes and a
UACR of 300–3500 mg/g and eGFR of 30–75 ml/min (5).
After a 4- to 12-week run-in period, patients were randomly allocated to placebo or 12 weeks of treatment
with either 0.75 mg/d or 1.25 mg/d atrasentan. FMV urine
collections were performed at randomization and 2, 4, 6, 8,
10, and 12 weeks thereafter.
Urine Collections and Albuminuria Measurement
In all three trials, patients collected three consecutive
FMV urine samples for albuminuria before each scheduled
follow-up visit. Patients started collecting urine samples
2 days before each study visit and then collected the third
FMV urine sample on the morning of the study visit. In all
trials, urinary albumin (milligrams per liter) and urinary
creatinine (grams per liter) were measured and subsequently expressed as the UACR (milligrams per gram). All
assessments of urinary albumin and creatinine were performed
by the same company (CRL Medinet in AVOID, Quintiles in
VITAL, and QUEST in RADAR) in a central laboratory located
in the United States, Europe, or Japan. The urinary albumin
concentration was determined by immunoassays.
Statistical Analyses
Baseline characteristics are presented as the mean and SD
for continuous variables and counts and proportions for
discrete variables. Because the distribution of albuminuria
is skewed, albuminuria is presented as the geometric mean
and SD.
Statistical analyses of albuminuria data were conducted
using log-transformed UACR values, taking the non-normal
distribution of albuminuria into account. All patients who
collected three consecutive urine samples at all study visits
were included in this study. The treatment effect was calculated
based on single, the average of two, or the average of three
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urine samples for albuminuria measurements collected before each follow-up visit. The albuminuria measurement
derived from the urine collected on the morning of the study
visit was used to calculate the treatment effect for a single
measurement. The urine on the day before the study visit
and at the day of the study visit was used to calculate the
treatment effect for a duplicate measurement and all three
urine collections were used to assess the impact of three
averaged albuminuria measurements.
The drug effect and its precision at baseline to end of
treatment were assessed by analyses of covariance. Change
in albuminuria was analyzed with treatment as the classiﬁcation variable and baseline UACR as the covariate. The drug
effect is reverse transformed to the natural scale and presented
as the percent change. The precision of the log drug effect is
reﬂected by its SEM.
Longitudinal analyses (across all follow-up visits) were
based on a generalized estimating equation (6). The model
contains treatment as a classiﬁcation variable and visit, albuminuria level at baseline, and a treatment times visit interaction
as covariates. The Akaike information criterion was used to
compare the model ﬁt taking different covariance structures
into account. We compared models that take into account
the decreasing within-patient correlation between measurements over time. We compared model ﬁt of models with
ante dependence, autoregressive, and Toeplitz covariance
structures using the corrected Akaike information criterion.
Based on the model ﬁt, a full Toeplitz model was used in
which equal SDs for log (UACR) were assumed at each followup visit, and correlations between albuminuria measurements
at different visits were assumed to depend on the difference
between the respective visit numbers (Supplemental Tables 1
and 2 provide details on the models used).
To determine how the SEM would change if more than
three albuminuria measurements were considered at each
time point, we performed simulations using input from a
patient-speciﬁc linear mixed model that was applied to the
data. In this simulation, we used the estimated correlation
of UACR measurements between time points within patients. The correlation between consecutive measurements
collected the days before a study visit in a participant was
set to 0, because this would maximize the simulated gain in
precision given by each additional measurement collected
before a follow-up visit. In order to present the estimated
SEMs with their 95% conﬁdence intervals, we performed
1000 simulations.
All analyses were performed using SAS 9.2 software.
A two-sided P value ,0.05 was considered statistically signiﬁcant. The additional data simulation was conducted using R 3.1.0 software and power calculations were performed
using G*Power 3.1.9 software.

Results
Baseline Characteristics
A total of 464 patients (77.4%) from AVOID, 129 patients
(68.8%) from VITAL, and 180 patients (85.3%) from RADAR
had three albuminuria measurements at each study visit
available and were included in this study. Key baseline
characteristics of included trial participants are shown in
Table 1. Baseline characteristics were well balanced among
randomized treatment groups. In all included trials, the average age was 60–65 years; the majority of participants were

Data are presented as the mean (SD) unless otherwise indicated. UACR, urinary albumin/creatinine ratio; IQR, interquartile range; AVOID, Aliskiren Combined with Losartan in Type 2
Diabetes and Nephropathy; VITAL, Selective Vitamin D Receptor Activation for Albuminuria Lowering; RADAR, Residual Albuminuria Lowering with Endothelin Antagonist Atrasentan.

68
65.1 (10.10)
77.9
48.6 (15.00)
138.2 (14.4)
74.4 (10.0)
7.5 (1.51)
12.9 (1.448)
176.3 (39.6)
1162 (530–1648)
47
64.9 (8.6)
80.9
48.4 (12.7)
135.6 (12.8)
71.9 (10.3)
7.3 (1.28)
12.7 (1.85)
184.1 (46.9)
1143 (410–1550)
65
63.6 (10.1)
71.4
43.9 (18.4)
140.3 (15.5)
73.7 (9.6)
7.6 (1.31)
12.2 (1.62)
176.4 (50.2)
851 (246–1203)
70
64.7 (9.5)
66.7
39.9 (18.7)
141.2 (17.1)
74.0 (11.0)
7.5 (1.24)
12.3 (1.72)
166.4 (48.6)
853 (263–1277)
230
59.6 (9.6)
69.1
69.7 (25.1)
134.3 (11.6)
77.4 (7.9)
8.0 (1.38)
13.6 (1.71)
181 (41.77)
733 (239–972)
234
61.7 (9.2)
75.6
66.4 (24.0)
133.4 (11.8)
76.7 (8.9)
7.8 (1.37)
13.4 (1.54)
177.6 (42.66)
755 (283–1017)
Participants, n
Age, yr
Men, %
eGFR, ml/min per 1.73 m2
Systolic BP, mmHg
Diastolic BP, mmHg
Hemoglobin A1C, %
Hemoglobin, g/dl
Total cholesterol, mg/dl
Geometric mean UACR
(IQR), mg/g

Placebo
Paricalcitol
(2 mg/d)
Placebo

Aliskiren
(150–300 mg/d)

Placebo

VITAL
AVOID

Table 1. Baseline characteristics stratified by trial and treatment allocation

Treatment Effect Considering All Follow-Up Visits
The albuminuria-lowering treatment effects of aliskiren,
paricalcitol, and atrasentan estimated from albuminuria
measurements collected at follow-up visits during the
treatment phase are summarized in Figure 2 (top panels).
Across the study, urine was collected at ﬁve follow-up
visits in the AVOID trial and six follow-up visits in the
VITAL and RADAR trials. The albuminuria-lowering
treatment effect was consistent regardless of (1) the number of consecutive urine collections at each follow-up visit
and (2) the number of follow-up visits used to calculate
the albuminuria-lowering effect (all P values .0.1).
Figure 2 (bottom panels) shows that the SEM of the
treatment effect decreases with increasing number of visits
at which urine was collected during follow-up without
reaching a plateau below which the SEM did not further
decrease. In the AVOID and VITAL trials, the smallest
SEM (highest precision) was observed when three consecutive urine collections were performed at all follow-up
visits. In the RADAR trial, the SEM was not different between double or triple urine collections at all follow-up
visits. As a result of the increase in precision, the treatment
effect of paricalcitol in the VITAL study became statistically signiﬁcant (P=0.047 for using three consecutive urine
collections at all follow-up visits).
Table 2 shows the effect of the gain in precision on sample
size requirements when all albuminuria measurements during follow-up were selected versus using only the baseline
and end-of-treatment measurements. The sample sizes only
modestly decreased when triple, compared with double or

RADAR

Treatment Effect between Baseline and End of Treatment
The treatment effects of aliskiren, paricalcitol, and atrasentan
estimated from the baseline and end-of-treatment measurements are summarized in Figure 1. Relative to placebo, active
treatment decreased albuminuria by approximately 20% in
the AVOID and VITAL trials, 35% in the RADAR low-dose
trial, and 40% in the RADAR high-dose trial. We observed
minimal variation in the mean albuminuria-lowering treatment effect if the effect was calculated from single, double,
or triple consecutive urine collections at baseline and end of
treatment (Figure 1). For example, the treatment effect
ranged between 217% and 218% in the VITAL trial and
was not statistically signiﬁcant (P=0.09 for three consecutive
urine collections at baseline and end of treatment) and
ranged between 239% and 241% in the RADAR trial
(1.25 mg/d; P,0.01).
The SEM of the treatment effect estimate decreased
(increased precision) if albuminuria measurements from
two consecutive urine collections at baseline and end of
treatment were averaged (Figure 1, bottom panels) compared with using single urine collections. For example, the
SEM decreased from 0.13 to 0.11 in the VITAL trial. There
was a small further decrease in SEM if the treatment effect
was estimated from three consecutive urine collections in
the AVOID trial but not in the VITAL or RADAR trials.
Additional simulation studies showed no appreciable decrease in SEM beyond three urine collections (Supplemental
Figure 1).

Atrasentan
(0.75 mg/d)

Atrasentan
(1.25 mg/d)

men (66%–81%) and were Caucasian (43%–87%). Baseline
albuminuria was similar across the three trials.

65
63.7 (9.11)
66.2
51.5 (13.4)
134.4 (14.1)
74.0 (9.5)
7.5 (1.34)
12.8 (1.86)
173.4 (40.44)
1011 (491–1381)
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Figure 1. | Albuminuria change between baseline and end of treatment. The top panels show albuminuria reduction (in percentages and 95%
CIs) according to the number of consecutive collected urine samples considering the change from baseline and the end-of-study visit. The
bottom panels show the SEM of the treatment effect (D log albuminuria) according to the number of consecutive collected urine samples
considering the change from baseline to the end-of-study visit. 95% CI, 95% confidence interval; AVOID, Aliskiren Combined with Losartan in
Type 2 Diabetes and Nephropathy; JPN, Japan; RADAR, Residual Albuminuria Lowering with Endothelin Antagonist Atrasentan; VITAL, Selective
Vitamin D Receptor Activation for Albuminuria Lowering.

single, consecutive urine collections were performed at each
visit. However, there was a clear decrease in the sample size
when all albuminuria measurements at all follow-up visits
were considered. The sample size requirements to detect a
30% reduction in albuminuria decreased 4- to 6-fold compared with only using the baseline and end-of-treatment
measurements (Table 2).

Discussion
This study was conducted to assess the effect of the
number of urine collections at one visit and the number of
study visits on albuminuria-lowering drug effects. We
observed that increasing the frequency of urine collections at
two predeﬁned time points or at multiple follow-up visits did
not alter the estimate of the mean albuminuria-lowering drug
effect. However, the precision of the drug effect increased
with an increased frequency of urine collections at baseline
and end of treatment, and markedly increased when more
albuminuria measurements were used during follow-up. The
increase in precision in the absence of a change in the average
drug effect led to a marked increase in statistical power,
which translated into a 4- to 6-fold lower sample size requirement for trials designed to test the efﬁcacy of an
albuminuria-lowering drug. Future studies should use
consecutive albuminuria measurements per visit and at
multiple follow-up visits.

The largest effect on the precision of the drug effect was
observed when the frequency of follow-up visits was increased.
As a result of the increase in precision, the albuminurialowering effect of paricalcitol 2 mg/d in the VITAL study
became statistically signiﬁcant, whereas it was not when the
baseline and end-of treatment values alone were analyzed
(1). We did not identify a threshold above which the precision did not further increase, suggesting that the larger the
number of urine collections during a trial, the greater the
precision and gain in statistical power. However, increasing
the number of urine collections goes at the expense of additional burden on the patient and increases the costs and
complexity of the trial. There are a couple of additional considerations that should be taken into account. First, when
using multiple albuminuria measurements over time, one
should also take into account the time course of the antialbuminuric drug effect. Importantly, the drugs included in
this analysis are known to have relatively rapid onsets of
action. The time course of other albuminuria-lowering drugs
may be different. One should be cautious about analyzing
albuminuria measurements obtained directly after randomization if the drug does not have a direct effect on albuminuria because including such cases may dilute the overall drug
effect and decrease statistical power. Second, the albuminurialowering drug effect needs to be stable over time in order to
justify using all albuminuria measurements over time. If this
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Figure 2. | Albuminuria-lowering treatment effect and SEM of the treatment effect as a function of number of follow-up visits. The top panels
show the albuminuria-lowering treatment effect. The bottom panels show the SEM of the treatment effect (log scale). The x axis shows the
number of follow-up visits that were used to calculate the treatment effect and the time interval during which these follow-up visits were
conducted. A maximum of five follow-up visits were scheduled in the (A) AVOID trial (at weeks 4, 8, 12, 16, and 24), whereas six follow-up
visits were performed in the (B) VITAL (at weeks 4, 8, 12, 16, 20, and 24) and (C and D) RADAR/JPN (at weeks 2, 4, 6, 8, 10, and 12) trials.

should be based on individual grounds, taking into account
drug characteristics, pharmacodynamics, patient population,
aims of the trials, and operational aspects. We recommend,
however, that multiple collections be used rather than baseline and end of treatment alone.
Increasing the number of urine collections at each study
visit also increased the precision of the treatment effect. In

is not the case, statistical power can be signiﬁcantly compromised. Third, the correlation between albuminuria measurements likely depends on the time interval between visits.
Therefore, the effect of using multiple albuminuria measurements over time on statistical power may depend on the time
interval between visits. We suggest that the decision on the
timing and frequency of urine collections in a clinical trial

Table 2. Sample size requirements for clinical trials with a type 1 error rate of 5% and 20% power to detect a 30% decrease in
albuminuria

Number of Urine Samples
at Each Visit
Baseline and end of treatment
1
2
3
Baseline and all follow-up visits
1
2
3

Estimates of Required Sample Sizes
AVOID

VITAL

RADAR (0.75 mg/d)

RADAR (1.25 mg/d)

288
278
282

362
356
352

202
200
198

208
206
204

94
80
76

76
62
58

40
32
30

40
32
30

SEMs (SD) for sample size calculations are derived from our models to assessing the treatment effect between baseline and end of
treatment; and from baseline considering all follow-up measurements (ﬁve follow-up visits were scheduled in the AVOID trial,
whereas six follow-up visits were scheduled in the VITAL and RADAR trials).
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the AVOID and VITAL studies, the highest precision was
observed when three urine samples at each study visit were
collected; in the RADAR study, the precision reached a
maximum with two urine samples. Because no more than
three consecutive urine collections were performed in each
trial, we performed a simulation analysis to estimate the
SEMs of the treatment effect for more than three urine
samples. Those results conﬁrmed that no appreciable gain
in precision was observed when collecting more than three
consecutive urine samples. Previous studies on the intraindividual variability in albuminuria also concluded that
three consecutive FMV urine samples and measurement of
the UACR should be performed to quantify albuminuria (7).
These conclusions are reﬂected in current clinical practice
guidelines advocating collection of three consecutive urine
samples for diagnostic and prognostic purposes (8,9). Because we found that the optimal SEM was achieved with
three consecutive urine collections and because three
urine collections are recommended to diagnose and monitor albuminuria in clinical practice, we recommend that
albuminuria assessment in clinical trials at each study
visit should be based on the average of three consecutive
FMV collections.
Various operational aspects of albuminuria measurements
have been studied in the past. Prior studies investigated
whether FMV or daytime urine samples can replace the gold
standard of 24-hour urine samples for prediction of renal and
cardiovascular disease (10,11). In addition, the intraindividual variability in albuminuria over time and the stability of
albuminuria after prolonged frozen storage have been thoroughly investigated (4,12). However, to the best of our
knowledge, this is the ﬁrst systematic analysis on the effect
of the frequency of urine collections during a clinical trial to
determine drug efﬁcacy.
Our study has strengths and limitations. The strengths
are the individual data of different clinical trials resulting
in a well characterized cohort of participants with diabetes
and nephropathy on an appropriate modern therapeutic
background. Hence, our results and conclusions are mostly
useful for the assessment of treatment effects on albuminuria
as a surrogate outcome in trials of diabetic nephropathy.
In addition, the use of different drug classes increases the
generalizability of our results. The limitations are that this is a
post hoc analysis and the trials were not designed and powered to address our research question. We were also unable
to compare our results with gold-standard measurements
because 24-hour urine samples were not collected at each
follow-up visit in the included trials. Finally, baseline albuminuria was deﬁned as the average albuminuria level collected at 3 consecutive days before the randomization visit.
Unfortunately, albuminuria was not assessed at multiple visits before randomization. We were therefore unable to assess
the effect of the frequency of urine collections to deﬁne an
optimal baseline measurement.
In conclusion, increasing the number of urine collections
per study visit and the number of visits over time does not
change the average drug effect estimate but markedly
increases the precision of the estimate, thereby enhancing
statistical power of clinical trials. Because many trials
already collect multiple urine samples for albuminuria
measurements during follow-up, considering these data in
the ﬁnal efﬁcacy analysis is a simple and practical way to
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increase statistical power. Hence, current clinical trial
designs in diabetic nephropathy trials using albuminuria
as an end point can be signiﬁcantly improved, leading to
smaller sample sizes and less complex and more cost-effective
trials.
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