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ABSTRACT

CLINICAL EPIDEMIOLOGY

There are many methods to screen for abnormal amounts of proteinuria to identify patients at risk for
progression of renal disease, but which method best predicts renal risk is unknown. Here, we analyzed
a subset of 701 patients with type 2 diabetes and nephropathy participating in the Reduction of
Endpoints in Non Insulin Dependent Diabetes Mellitus with the Angiotensin II Antagonist Losartan
(RENAAL) trial to compare the ability of urinary protein excretion (UPE) and urinary albumin excretion
(UAE) from a 24-hour urine collection and urinary albumin concentration (UAC) and the albumin:
creatinine ratio (ACR) from a first-morning void in predicting renal events. The primary outcome measure
was the time to a doubling of serum creatinine or end-stage renal disease. During follow-up, 202 events
occurred. The hazard ratios for the risk of a renal outcome (95% CIs) associated with 1-SD increment in
the log-transformed measures were 3.16 (2.60 to 3.86) for UAE, 3.02 (2.53 to 3.62) for UPE, 3.23 (2.67
to 3.91) for UAC, and 4.36 (3.50 to 5.45) for ACR. The area under the ROC curve was significantly higher
for ACR compared with the other measures. In conclusion, measurement of the albumin:creatinine ratio
in a first-morning void is the superior method to predict renal events in patients with type 2 diabetes and
nephropathy.
J Am Soc Nephrol 21: 1355–1360, 2010. doi: 10.1681/ASN.2010010063

Increased levels of proteins in the urine have been
clearly established as an important determinant for
renal complications in various populations and settings.1–3 Screening for increased protein excretion
has therefore been advocated to identify individuals
at risk for renal disease progression in a timely manner. However, there is still continuing uncertainty
as to how urine should be collected and which urinary proteins should be specifically measured for
prediction of renal events.4
From a historical perspective, initial recommendations for urinary protein assessment included the
measurement of 24-hour total protein excretion.
When it was discovered that even small amounts of
albumin predicted renal and cardiovascular disease
progression, the total protein assays were replaced

by albumin assays because the former was not sensitive enough to detect quantities of albumin in the
normal or just above the normal range.
With respect to urine collection procedures, 24hour collections were initially advocated because of
the circadian rhythm of urinary protein excretion.5
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Table 1. Baseline characteristics
N
Age (years)
Men, n (%)
Caucasian, n (%)
African American, n (%)
Hispanic, n (%)
Serum albumin (g/dl)
BMI (kg/m2)
Diastolic BP (mmHg)
Systolic BP (mmHg)
Hemoglobin (mg/dl)
HbA1c (%)
Total cholesterol (mg/dl)
Creatinine (mg/dl)
eGFR (ml/min per 1.73 m2)
24-hour urine:
albumin excretion (mg/24 h)
protein excretion (mg/24 h)
creatinine excretion (g/24 h)
creatinine concentration (g/L)
First-morning void:
albumin concentration (mg/L)
albumin:creatinine ratio (mg/g)
creatinine concentration (g/L)

701
60.4 (7.3)
436 (62.2)
343 (46.1)
144 (20.5)
192 (27.4)
3.8 (0.4)
30.1 (6.3)
81.5 (10.5)
151.3 (20.1)
12.4 (1.9)
8.6 (1.7)
225.0 (53.4)
1.85 (0.5)
40.7 (13.0)
1378 (620 to 2897)
2290 (1121 to 4870)
1.3 (0.8)
0.67 (0.3)
663 (285 to 1370)
1043 (470 to 2359)
0.68 (0.3)

Data are given as means (SD) or medians (interquartile ranges) in case of
skewed data distribution. eGFR, estimated GFR.

some procedure and subject to collection errors. This has led
professional organizations to advise collection of untimed
urine samples and report the urinary albumin concentration
or albumin:creatinine ratio. These recommendations are
based on numerous cross-sectional studies demonstrating
good correlations of urinary albumin concentration and albumin:creatinine ratio in untimed urine samples and urinary albumin excretion in 24-hour urine collection.6 – 8 However,
none of these studies have assessed and indeed compared the
relative importance and discriminatory abilities of different
proteinuria measures in predicting the risk for renal events.9
The objective of this study was therefore to assess and compare the ability of various proteinuria measures (including
proteinuria versus albuminuria and 24-hour versus early
morning sampling) to predict renal events,
as determined by a doubling of serum creatinine (DsCR) or end-stage renal disease
(ESRD), in patients with diabetes and nephropathy participating in the RENAAL
trial.

doubling of serum creatinine or ESRD endpoints were recorded.
Baseline proteinuria measures showed a positive continuous relationship with the risk for DsCR or ESRD. The effect
size of the first-morning void albumin:creatinine ratio was
higher than the other proteinuria measures (Figure 1). There
was no consistent interaction among the four proteinuria measures and age, gender, race, and treatment allocation. When
the data were analyzed according to quintiles of baseline proteinuria measures, a stepwise increase in the risk for DsCR or
ESRD was observed (Figure 2). The first-morning void albumin:creatinine ratio demonstrated the steepest increase in the
risk for DsCR or ESRD compared with the other proteinuria
measures.
For prediction of DsCR or ESRD, the area under the curve
(AUC) of the first-morning void albumin:creatinine ratio was
significant higher compared with the three other proteinuria
measures (Table 2). The AUC of the first-morning void albumin:creatinine ratio was also largest in age-, gender-, and racespecific subgroups, although not statistically significant in all
subgroups, which is possibly because of the small number of
events in some subgroups. The AUC for urinary albumin concentration in a first-morning void was equal to 24-hour urinary albumin excretion and protein excretion and no difference was observed between 24-hour urinary albumin excretion
and protein excretion. Finally, the AUC for 24-hour urinary
albumin:creatinine ratio and protein:creatinine ratio were 0.82
(0.78 to 0.85) and 0.82 (0.79 to 0.86), respectively, which was
not statistically significantly different from the first-morning
void albumin:creatinine ratio.
The relative integrated discrimination improvement (RIDI)
statistics are presented in Table 3. Significant increases of
39.5% of the RIDI were observed when baseline 24-hour urinary albumin excretion was replaced by first-morning void
albumin:creatinine ratio. These data indicate an improvement
in the predictive value when a model includes first-morning
void albumin:creatinine ratio instead of 24-hour urinary albumin excretion. The RIDI score marginally changed when 24hour urinary albumin excretion was replaced by 24-hour urinary protein excretion or by first-morning void urinary

RESULTS

The baseline characteristics of the 701 participants who collected both a first-morning void and a 24-hour urine are presented
in Table 1. During follow-up, 202 (28.8%)
1356

Figure 1. Increased risk for renal events per standard deviation increment in baseline
first morning void albumin:creatinine ratio compared to other proteinuria measures.
Boxes represent the point estimate (HRs) and the horizontal bars the 95% CI. ACR,
albumin:creatinine ratio; FMV, first-morning void; UAE, urinary albumin excretion; UPE,
urinary protein excretion; UAC, urinary albumin concentration. Log-transformed SD:
UAE ⫽ 1.1; SD UPE ⫽ 1.0; SD UAC ⫽ 1.1; SD ACR ⫽ 1.1.
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Table 3. RIDI in classification for predictive scores for
doubling of serum creatinine or ESRD
Doubling Serum Creatinine
or End-Stage Renal Disease
RIDI Estimate (%)

P

39.5
1.0
6.1
31.5

⬍0.0001
0.684
0.154
⬍0.0001

24-hour UAE versus FMV ACR
24-hour UAE versus 24-hour UPE
24-hour UAE versus FMV UAC
FMV UAC versus FMV ACR

Figure 2. Increased risk for renal events by quintiles of baseline
first morning void albumin:creatinine ratio compared to other
proteinuria measures. Boxes represent the point estimate (HRs)
and the vertical bars its 95% CI. The size of the boxes are proportional to the number of events. ACR, albumin:creatinine ratio;
FMV, first-morning void; UAE, urinary albumin excretion; UPE,
urinary protein excretion; UAC, urinary albumin concentration.

albumin concentration. The predictive performance for DsCR
or ESRD was significantly improved when the first-morning
void albumin:creatinine ratio was used instead of first-morning void urinary albumin concentration.
The risk for DsCR or ESRD increased statistically significantly for each SD decrement in urinary creatinine measure,
after adjustment for age, gender, race, and treatment allocation
(Figure 3). The three urinary creatinine measures remained
statistically significantly associated with DsCR or ESRD even
after adjustment for a range of renal risk markers, including

The RIDI compares a model including 24-hour urinary albumin excretion with
the equivalent model in which 24-hour urinary albumin excretion is replaced
by either 24-hour urinary protein excretion, first-morning void urinary albumin
concentration, or first-morning void albumin:creatinine ratio. Finally, a model
with first-morning void urinary albumin concentration is compared with a
model including first-morning void albumin:creatinine ratio. For each line,
the models replace the second listed proteinuria measure with the first
mentioned proteinuria measure. Models were adjusted for age, gender, race,
and treatment allocation. ACR, albumin:creatinine ratio; FMV, first-morning
void; UAC, urinary albumin excretion; UAE, urinary albumin excretion; UPE,
urinary protein excretion.

systolic and diastolic BP, estimated GFR, urinary albumin excretion hemoglobin, HbA1c, serum albumin, and smoking status.

DISCUSSION

This study provides a comprehensive overview of the performance of different proteinuria measures derived from 24-hour
and first-morning void collections in predicting renal events.
The albumin:creatinine ratio derived from a first-morning
void displayed the strongest association with the risk for renal
events. Receiver operator characteristics (ROC) comparison
and RIDI analyses showed that the predictive value of the first-

Table 2. Area under the ROC curve and 95% CIs for the prediction of the composite of doubling of serum creatinine or
end-stage renal disease based on baseline proteinuria measures
Doubling of Serum Creatinine or End-Stage Renal Disease
Subjects/Events

Overall
Subgroups
Gender
men
women
Age
ⱕ61.0 years
⬎61.0 years
Race
Caucasian
African American
Hispanic
Gender, age, and race adjusted

24-Hour Urine

First-Morning Void

UAE (mg/24 h)

UPE (mg/24 h)

UAC (mg/L)

ACR (mg/g)

701/202

0.78 关0.74, 0.82兴

0.78 关0.75, 0.82兴

0.79 关0.75 to 0.83兴

0.82 关0.79, 0.86兴a,b,c

436/107
265/95

0.76 关0.71, 0.81兴
0.81 关0.76, 0.87兴

0.76 关0.70, 0.81兴
0.83 关0.77, 0.88兴

0.77 关0.72, 0.82兴
0.82 关0.77, 0.87兴

0.79 关0.73, 0.84兴
0.86 关0.82, 0.91兴a,c

351/120
350/82

0.78 关0.72, 0.83兴
0.77 关0.71, 0.83兴

0.79 关0.74, 0.84兴
0.76 关0.70, 0.83兴

0.80 关0.75, 0.85兴
0.77 关0.71, 0.83兴

0.84 关0.79, 0.88兴a,b,c
0.80 关0.75, 0.86兴

323/75
144/33
192/78
701/202

0.76
0.75
0.78
0.79

关0.70,
关0.64,
关0.71,
关0.75,

0.82兴
0.86兴
0.85兴
0.83兴

0.77
0.76
0.78
0.79

关0.71,
关0.65,
关0.71,
关0.75,

0.83兴
0.86兴
0.85兴
0.83兴

0.79
0.77
0.78
0.80

关0.73, 0.85兴
关0.68, 0.87兴
关0.71, 0.85兴
关0.76 to 0.83兴

0.79
0.83
0.82
0.82

关0.74,
关0.74,
关0.75,
关0.79,

0.85兴
0.91兴
0.88兴a,b
0.86兴a,b,c

Bonferroni correction was applied in AUC comparison to adjust for multiple testing. ACR, first-morning void albumin:creatinine ratio; AUC, area under the ROC
curve; UAE, 24-hour urinary albumin excretion; UPE, 24-hour urinary protein excretion.
a
P ⬍ 0.01 versus UAE.
b
P ⬍ 0.01 versus UPE.
c
P ⬍ 0.01 versus UAC.
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tween urinary creatinine excretion and the
risk for DsCR or ESRD, which was independent of age, gender, race, and other risk
markers for renal disease progression.
Hence, an explanation for the superior predictive performance of the albumin:creatinine ratio is that it incorporates the predictive value of poor health, as reflected by low
muscle mass and decreased urinary creatiFigure 3. Higher risk for renal events for each standard deviation decrement in nine excretion. Indeed, a recent study esbaseline urinary creatinine measure. Boxes represent hazard ratios and the horizontal tablished that decreased urinary creatinine
bars its 95% CI. SD urinary creatinine concentration FMV, 0.32; creatinine concentra- excretion is associated with increased risk
for all cause mortality in the general popution 24 hours, 0.28; creatinine excretion 24 hours, 0.83. FMV, first-morning void.
lation.13 It should be noted that these remorning void albumin:creatinine ratio was significantly higher sults do not negate the predictive value of urinary albumin
than 24-hour urinary albumin excretion or protein excretion itself. Urinary albumin concentration and urinary albumin exand confirmed the superiority of the first-morning void albu- cretion were strongly correlated with the renal endpoint, albeit
min:creatinine ratio in predicting renal events.
the albumin:creatinine ratio demonstrated the strongest assoStandardization of proteinuria measures will improve the ciation. An alternative explanation is that patients could have
use of urinary albumin for detecting and monitoring kidney made collection errors during the 24-hour urine collection,
disease. Currently, various methods for collecting urine and which will negatively affect the predictive performance of the
reporting urinary albumin are recommended by different 24-hour urinary albumin excretion. Indeed, when we adjusted
treatment guidelines. Indeed, surveys conducted in different for urinary creatinine excretion, the predictive performance of
countries have shown that a broad range of methods to collect the albumin:creatinine ratio and protein:creatinine ratio in the
urine and choice of measurement procedure are applied in 24-hour urine samples was similar to that seen with the albuclinical practice.10 –12 The different methods of urinary albu- min:creatinine ratio in the first-morning void.
Collection of a first-morning void is less cumbersome than
min assessment may be confusing for clinicians and hamper
the use of urinary albumin for managing kidney disease. In line a 24-hour sample. This implies that a first-morning void is
with the conclusion of a recent conference on the standardiza- favored for clinical practice even when no difference in prediction of urinary albumin, we recommend that first-morning tive performance would be observed. This study demonstrated
voids be used and that urinary albumin be reported as the that the first-morning void albumin:creatinine ratio showed a
albumin:creatinine ratio to detect and monitor kidney dis- stronger association with the risk for DsCR or ESRD than 24hour urinary albumin excretion, although the numerical difease.4
There is a plausible rationale for expecting greater predict- ferences in the hazard ratio and area under the ROC curve
ing abilities of the albumin:creatinine ratio in a first-morning among the proteinuria measures were modest. We therefore
void compared with urinary albumin concentration. Urinary advocate measurement of the albumin:creatinine ratio in a
albumin concentration depends on hydration status such that first-morning void.
Little information is available on the prognostic signifia higher urinary output lowers urinary albumin concentration
and vice versa. Because the albumin concentration is divided by cance of albuminuria and proteinuria measures for renal disurinary creatinine concentration, which is assumed to be ex- ease progression. The results of this analysis demonstrate that
creted with relative constancy over 24 hours, the ratio adjusts both measures perform equally well in predicting renal outfor changes in hydration status. This augments the ability of come. If specific proteins other than albuminuria display a
higher association with renal outcomes requires further explothe albumin:creatinine ratio to predict renal events.
Of interest, our data show that the albumin:creatinine ratio ration.
predicted outcome even better than 24-hour urinary albumin
How do these results compare with the literature? Only one
excretion. Because of the circadian rhythm of proteinuria, study has investigated the value of different proteinuria meawhich furthermore differs between patients, we anticipated sures as predictors of decline of renal function in patients and
that proteinuria measures from first-morning void urine sam- this was in patients with nephropathy who did not have diabeples would predict outcome, at the very best, as good as 24- tes.14 These results are in line with our own study in patients
hour urinary albumin excretion. There may be two explana- with diabetes and demonstrate that the protein:creatinine ratio
tions for our unexpected finding. First, the albumin:creatinine in a first-morning void in individuals with chronic kidney disratio not only depends on urinary albumin concentration but ease who do not have diabetes was at least as reliable as 24-hour
also on urinary creatinine concentration. Decreased urinary urinary protein excretion in predicting the rate of decline in
creatinine excretion reflects lower muscle mass and may indi- renal function and risk for progression to end-stage renal discate poor health. Indeed, we demonstrated an association be- ease. In that study, however, albuminuria was not assessed and
1358
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thus no comparison could be made between albuminuria and
proteinuria.
Although the RENAAL trial included a diverse range of patients with type 2 diabetes with reduced GFR and macroalbuminuria, the results cannot be directly applied to individuals
without diabetes or nephropathy. However, a previous study
demonstrated that the predictive value of the albumin:creatinine ratio for cardiovascular morbidity and mortality in the
general population is slightly better than 24-hour urinary albumin excretion.15 These results together suggest that the albumin:creatinine ratio is a feasible and potentially more practical alternative to 24-hour urinary albumin excretion in
various populations. Total protein concentrations were not
measured in first-morning void urine sample and no comparison could be made between protein:creatinine and albumin:
creatinine ratios derived from a first-morning void. However,
because there was no difference between 24-hour albumin:creatinine and protein:creatinine ratios, it is not unlikely that the
predictive ability of protein:creatinine and albumin:creatinine
ratios in a first-morning void are similar.
In conclusion, for predicting renal disease progression in
patients with type 2 diabetes and nephropathy, collecting firstmorning void urine samples and measuring the albumin:creatinine ratio appear to be superior when compared with measuring 24-hour urinary albumin excretion. These results are
clinically important because they imply that collection of firstmorning voids, which is clearly more convenient than collecting a 24-hour urine, can be used for assessment of proteinuria.

CONCISE METHODS
RENAAL Study Design
The RENAAL study was a double-blind, randomized, placebo-controlled
trial that was designed to evaluate the renoprotective effects of a losartanbased antihypertensive regimen compared with a traditional BP-lowering regimen in patients with type 2 diabetes, hypertension, and nephropathy. The study design, inclusion and exclusion criteria, and results have
been reported elsewhere.16,17 In brief, participants were considered to
have type 2 diabetes if they were over 30 years old at time of diagnosis of
diabetes, had no history of ketoacidosis, and did not use insulin therapy
within 6 months after diagnosis. A serum creatinine between 1.3 and 3.0
mg/dl (1.5 to 3.0 mg/dl for males more than 60 kg), urinary albumin:
creatinine ratio from a first-morning specimen of at least 300 mg/g,
HbA1c ⬍12%, and age between 31 and 70 years were part of the inclusion
criteria. All patients collected, at the randomization visit and every 3
months visit, a first-morning void urine sample for albumin and creatinine assessment. In addition, a random sample of 701 patients collected
24-hour urine samples for quantification of 24-hour albumin and total
protein excretion. Urinary albumin and creatinine were measured by
nephelometry (Beckman Array) and total protein by colorimetry (Olympus colorimetry) in a central laboratory. Measurements were conducted
in fresh urine samples within 48 hours after collection.
The primary outcome measure of the RENAAL trial was defined as
the time to the composite of a confirmed DsCR from the baseline
J Am Soc Nephrol 21: 1355–1360, 2010
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level, ESRD (defined as the need for long-term dialysis or renal transplantation) or all cause death. All potential endpoints were adjudicated by a blinded endpoint committee using rigorous guideline definitions.17 The combined endpoint of doubling of serum creatinine or
ESRD was a prespecified endpoint and is used for this analysis.17 Information on the clinical endpoints was collected during a mean follow-up duration of 3.4 years with a range of 2.3 to 4.6 years. The
RENAAL trial was conducted in accordance with the principles outlined in the Declaration of Helsinki. All patients signed informed
consent. The protocol was approved by all relevant ethics committees.

Statistical Analysis
To compare the predictive abilities of the various proteinuria measures, we used three different analyses. First, we estimated the hazard
ratio (HR) and 95% CI for a 1-SD higher level of the log-transformed
urinary albumin and urinary creatinine measure at baseline by using
Cox proportional hazard regression models. The multivariate Cox
model was adjusted for age, gender, race, and treatment allocation.
For further exploration of the HR profile, HRs (95% CI) for the participants according to quintiles in log-transformed proteinuria measures were calculated, with the HR in the first quintile used as the
common reference to compute the HR (95% CI) for the remainder of
the categories. The variance of each quintile of proteinuria measure
was calculated by using the absolute floating risk method.18 The regression line for the risk estimates according to quintiles of baseline
proteinuria measures was fitted using inverse variance weighting.
The albumin:creatinine ratio depends on urinary creatinine excretion and thus on muscle mass. Muscle mass differs between sexes
and ethnicities and declines with age. To investigate the effect of
gender, race, and age, interaction terms for age, gender, race, and
treatment allocation and also proteinuria measurements were included in the Cox proportional hazard models. Second, ROC
curves were used to compare the ability of proteinuria measures to
discriminate between patients who developed an event and those
who did not. Nonparametric methods were used to compare area
under the ROC curves. To investigate the effect of gender, race,
and age on the discriminative abilities of the different proteinuria
measures, we analyzed men and women, patients of different ethnicities, and patients above and below the median value of age
separately. In additional analyses, age, gender, race, and treatment
allocation adjusted ROC curves were calculated.
Third, the RIDI was calculated. The RIDI measures the percentage
of increased discrimination when an extra variable is added to a prediction model.19
Because 24-hour urine collection procedures are subject to collection errors, we calculated in sensitivity analyses if adjustment for 24hour urinary creatinine excretion improved the discriminative ability
of 24-hour urinary albumin and protein excretion. Furthermore, the
albumin:creatinine ratio depends on both urinary albumin and urinary creatinine excretion. Lower urinary creatinine excretion may be
a consequence of reduced production caused by low muscle mass.
Because low muscle mass is often associated with poor health, low
urinary creatinine excretion may be indicative of general morbidity
and associated with the risk for renal events. We therefore studied in
another analysis the relation between urinary creatinine excretion and
Proteinuria and Renal Outcomes
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DsCR and ESRD. All analyses were conducted with SAS version 9.1
and Stata version 10.0.
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