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Abstract

Daily urine protein (UP) loss is a cumbersome but important measurement to guide diagno-
sis and treatment of renal disease. Spot urine protein-creatinine ratio (UPCR) can been
applied to estimate daily proteinuria. However, the correlations between spot and 24h pro-
teinuria remain controversial. In this cross-sectional study, simultaneous collection of 24h
and spot urines were performed from 1,039 (derivation cohort) and 204 CKD patients (vali-
dation cohort) of Chang Gung Memorial Hospital, from 2007 to 2017. The correlations
between spot UPCR and 24h proteinuria were compared. The mean age of patients of deri-
vation and validation cohort was 63 and 55 years and the mean estimated glomerular filtra-
tion rate was 62 + 35 and 59 + 36 mL/min/m?, respectively. The correlation coefficient was
0.819 between UPCR and 24hUP. Prediction equation was derived as: Log;024hUP (g) =
0.814 x Log1oUPCR (mg/mg) + 0.110 x Gender— 0.004 x Age + 0.004 x Body weight (kg) +
0.002 x CKD stage coefficient— 0.018, where CKD stage coefficient: CKD stage G1 =1, G2
=2,G3a=3.1, G3b=3.2, G4 =4, G5 = 5. Correlation coefficient between measured and
predicted 24hUP among derivation group and validation group is 0.866 and 0.915, respec-
tively. However, the agreement of spot and daily estimates was less pronounced with pro-
teinuria > 3g than lower values in Bland-Altman analysis. Spot UPCR can accurately predict
24hUP in patients with daily proteinuria below 3g. The development of this equation may
facilitate estimation of 24hUP in the clinical practice.

Introduction

The prevalence of Chronic Kidney Disease (CKD) is increasing worldwide and timely diagno-
sis is pivotal to preserve renal function [1]. Proteinuria represents an early and essential ele-
ment for diagnosis, assessment of disease severity and monitoring of treatment response in
several renal diseases [2-4]. Estimation of 24h urine protein (UP) has traditionally been con-
sidered as the gold standard to determining degree of UP excretion. However, this method is
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time-consuming, cumbersome for patients and influenced by urine collection process, circa-
dian rhythm and handling methods. Therefore, spot urinary protein/creatinine ratio (UPCR)
has been used as substitute for timed UP collection.

Several studies have investigated the correlations between UPCR and urine excretion
among different renal disease groups, including lupus nephritis [5], pre-eclampsia [6], glomer-
ular disease [7], kidney transplantation [8] and CKD patients [9-11]. However, the results
were inconclusive because of discrepancy on the sample size, severity of proteinuria and renal
function, heterogenicity of underlying disease and the procedure of urine collection. Ascer-
tainment of such correlation is mandatory to simplify clinical practice in the management
of CKD patients. Furthermore, development of prediction equation to estimate 24hUP was
limited by the inconsistent correlation between random and daily sample, biological variation
and difference of variable used for model construction [7, 12-14]. Establishment of simple
and accurate prediction from spot urine could facilitate clinical assessment of renal patients.

In this study, we assessed the correlation between spot and 24hUP in patients with diverse
degree of proteinuria (derivation cohort), developed prediction equation to estimate 24hUP
from single spot urine and validated the equation in an independent second cohort.

Materials and methods
Patients

The study enrolled predialysis CKD patients aged greater than 20 years old who had visited
nephrology outpatient department of Chang Gung Memorial Hospital at Keelung between
2007 January to 2017 January. Informed written consent were obtained from all these patients.
CKD was defined if patients had kidney damage manifested by presence of proteinuria or esti-
mated glomerular filtration rate (eGFR) < 60ml/min/ 1.73m? (calculated using the 4-variable
Modification of Diet in Renal Disease equation) for > 3 months in two separate occasions
[15]. Patients having documented fever, urinary tract infection, indwelling urinary catheter,
pregnancy and recipients of dialysis therapy or renal transplant graft were excluded from the
study. Patients with proteinuria secondary to systemic disease (i.e., systemic lupus erythema-
tous, rheumatoid arthritis, Sjogren’s syndrome, viral infections, syphilis, etc) were excluded
because the amount of proteinuria could be largely dependent on the treatments of underlying
disease. Those participants with inadequate urine sampling, defined as spot UPCR > 15 mg/
mg or 24hUP > 15 g/day (n = 18) and 24h urine amount < 400 mL (n = 24) were also
excluded from analysis. Finally, 1,243 patients and 2,486 observations (including morning spot
urine and 24h urine sample) were enrolled for data analysis. The derivation cohort included
urines of 1,039 patients collected from 2007 to 2015 and validation cohort used urines of par-
ticipants enrolled from 2016 to 2017 (n = 204, Fig 1). The demographic and clinical informa-
tion, including age, gender, body weight, height, blood pressure, serum albumin, uric acid,
triglyceride, creatinine, the etiology of CKD (diabetes mellitus, hypertension, chronic glomer-
ulonephritis or unknown) and protein intake were accurately recorded at baseline. This study
was conducted in accordance with declaration of Helsinki and approved by the ethics commit-
tee of the institutional review board at the Chang Gung Memorial Hospital.

Urine specimens

All the subjects were instructed to start the 24h urine collections after their first voiding in the
morning and to collect all urine continuously for 24h, including the last void at the end of the
24h period. The first early morning spot urine sample was collected immediately after the
completion of 24h urine collection to estimate spot urine estimates. Both the 24h and spot
urine specimen were assayed for volume, UP, albuminuria and urine creatinine (Ucr)
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Urines of adults with estimates of
24hUP, Ucr, urine volume,

UPCR and UACR
(n=3,812)
| Excluded:
n=18, UPCR >15 mg/mg or 24hUP >15g/day
l n=24, dialysis patients or those with urine output <
400ml
1,243 urines with complete data: n=1858, incomplete demographic or laboratory data

Derivation cohort (n=1,039)
Validation cohort (n=204)

1. Correlations between UPCR, UACR and 24hUP excretion

2. Univariate and multivariate linear regression analysis of variables associated with 24hUP
3. ROC analysis of discrimination power of various level of protein excretion

4. Prediction model construction and validation

Fig 1. Study flow chart. Abbreviation: 24hUP, 24h urine protein; Ucr, urine creatinine; UPCR, urine protein-
creatinine ratio; UACR, urine albumin-creatinine ratio; ROC, operating characteristic curve.

https://doi.org/10.1371/journal.pone.0214614.9001

concentration. UP concentration was assayed by using the Microprotein Reagent (Beckman
Coulter, Fullerton, CA), which is based on a pyrogallol red-molybdate colorimetric method,
and the Ucr level, by using the Beckman Synchron creatinine reagent according to the Jaffé
kinetic alkaline picrate method. Serum total protein and creatinine concentrations were
assayed using Beckman Synchron LX machine.

Statistics analysis

Descriptive variables were summarized using median (interquartile range), mean (standard
deviation), frequencies (percentage) as appropriate. All variables were tested for normal
distribution by Kolmogorov-Smirnov test. Student t test was employed to compare means of
continuous variables and normally distributed data; otherwise, Mann-Whitney U test was
employed. Categorical data were tested by chi-square test or Fisher exact test. Variables related
to 24hUP excretion were assessed with univariate linear regression analysis, and variables that
were statistically significant (p<0.05) in the univariate analysis were included in multivariate
analysis by applying a multiple linear regression. We constructed an equation for the 24hUP
by employing UPCR and other variables by linear regression from the validation cohort. Vari-
ance Inflation Factor (VIF) calculation was performed to address issue of collinearity by using
principle component analysis. Validation of this equation was performed in the validation and
derivation cohort by correlation coefficient and Bland-Altman analysis. Some variables were
missing in minor proportion. Values of serum uric acid were missing in 36 cases (3.5%); body
mass index and serum albumin (25, 2.4%), serum triglyceride (24, 2.3%) and body weight (19,
1.8%). The case listwise with missing value were excluded from analysis during linear regres-
sion analysis. The correlation between spot UPCR and 24hUP (in grams) was measured by
Pearson’s correlation coefficients, and the degree of agreement by Bland-Altman analysis.
Receiver-operating characteristic (ROC) analyses were done to assess the diagnostic utility of
spot UPCR in predicting 24hUP excretion above specified clinically useful thresholds: >0.15 g,
>0.3g,>05g,>1.0g, >3.5g, >4.0 gand >8.0 g. Discrimination was explored using the area
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under ROC (AUROQ). Sensitivity, specificity, positive likelihood ratio and negative likelihood
ratio were identified after best Youden’s index was calculated. Accuracy was defined as the
proportion of patients correctly identified in the entire ROC analysis. Performance of our pre-
diction has further compared with three previous published equation using derivation cohort
[7, 14, 16]. Difference was calculated by measured 24hUP—predicted 24hUP. Bias was pre-
sented as the median difference (measured 24hUP—predicted 24hUP) and percent difference
[(measured 24hUP—predicted 24hUP) / measured 24hUP) x 100%]. The percentage of pre-
dicted 24hUP within 20% (P20), 30% (P30), and 50% (P50) of measured 24hUP and root
mean square error were calculated for overall accuracy. All statistical tests were 2-tailed; a p-
value < 0.05 was considered statistically significant. Data were analyzed using SPSS 21.0 (SPSS
inc, Chicago, IL, USA).

Results
Baseline characteristics of study population

Table 1 lists the demographic and clinical characteristics of both the derivation (n = 1,039)
and validation cohorts (n = 204). The mean age of patients of derivation and validation
cohort was 63 £ 14 vs. 65 + 14 years (p = 0.23). The mean eGFR was 62 + 35 mL/min/1.73m?
vs. 59 + 36 mL/min/1.73m” (p = 0.27), respectively. Table 2 compares the correlation
between spot UPCR and 24hUP. The overall correlation between spot UPCR and 24hUP was
0.819. Among different CKD stages, correlation coefficients between UPCR and 24hUP were
larger than 0.80 except for CKD stage GO (r = 0.180) and stage G3b (r = 0.745). Correlations
between spot UPCR and 24hUP were stronger in men than women (r = 0.873 and 0.795,
respectively). The correlation between spot UPCR and 24hUP was lower for diabetic than
non-diabetic patients (r = 0.798 and 0.883, respectively). In addition, correlation between
spot urines with 24hUP were higher in elderly patients than younger ones (r = 0.857 and
0.765, respectively). To avoid individual variation of protein or creatinine excretion second-
ary to body weight, body surface area (BSA) adjusted 24hUP was used to correlate with spot
UPCR. Overall, the correlation coefficients improved by using BSA-adjusted estimates and it
was consistent among different subgroups (CKD stage, gender, diabetes mellitus status or
age stratum, Table 2).

Development and validation of prediction equation

Univariate linear regression analysis was followed by multivariate linear regression analysis
and has identified the age, gender, body weight and log;UPCR as independent predictors to
estimate 24hUP. A prediction equation best describing the relationship of 24hUP and UPCR
was developed from the derivation cohort as: Log;24hUP (g) = 0.814 x Log;UPCR (mg/mg)
+0.110 x Gender- 0.004 x Age + 0.004 x Body weight (kg) + 0.002 x CKD stage coefficient-
0.018; where the CKD stage coefficients were: CKD stage G1 =1,G2=2,G3a=3.1,G3b=3.2,
G4 =4, G5 =5 (Table 3). The collinearity was checked by using principle component analysis
with variables of age, gender and CKD stage. The multiple correlation coefficient was found as
0.166 (with gender) or 0.454 (with age) variable in the model. According to VIF calculation,
the value was found as 1.43, less than a preset critical point for potential collinearity problem,
VIF>5. Further examination of our presented models, many of the independent variables
were chosen from part of these variables which were shown no collinearity problem after the
analyses. Therefore, there was no significant effect of collinearity phenomena impacted on the
instability of the regression model.

The Pearson’s correlation coefficient between measured and predicted 24hUP is 0.866
(R* = 0.80, p-value<0.001) in derivation cohort (Fig 2A). Bland-Altman analysis comparing
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Table 1. Descriptive characteristic of patients in the derivation and validation cohorts.

Derivation cohort (n = 1,039) Validation cohort (n = 204)
Age, mean, years 63+ 14 65+ 14
Men, number (%) 540 (52) 114 (56)
Body weight, mean, kg 65.2+13.0 64.2 +12.7
BMI, mean, kg/m” 25.4 +4.7 254+42
Body surface area, mean, m” 1.69 £ 0.22 1.67 £ 0.22
Triglyceride, mg/dl 159 + 217 153 + 213
Albumin, g/dl 4.3 (4.0,4.5) 4.2(3.9,4.5)
Uric acid, mg/dl 6.6+ 1.9 6.5+ 1.8
eGFR, ml/min/1.73m’ 62 £35 5936
Causes of CKD, number (%)
Chronic glomerulonephritis 37 (3.6) 7 (3.4)
Diabetes mellitus 340 (32.7) 60 (29.4)
Hypertension 154 (14.8) 27(13.2)
Urinary tract abnormalities 9(0.9) 4(2.0)
Chronic interstitial nephritis 1(0.1) 0(0.0)
Congenital kidney disease 6 (0.6) 4(2.0)
Gout and Hyperuricemia 46 (4.4) 4(2.0)
Unknown 309 (29.7) 79 (38.7)
Missing data 137 (13.2) 19 (9.3)
CKD stage (GFR)
Stage GO 29 (2.8) 8(3.9)
Stage G1 218 (21) 31(15.2)
Stage G2 269 (25.9) 46 (22.5)
Stage G3a 136 (13.1) 34 (16.7)
Stage G3b 168 (16.2) 38 (18.6)
Stage G4 154 (14.8) 33 (16.2)
Stage G5 65 (6.3) 14 (6.9)
CKD stage (Albuminuria)
Stage Al 105 (10.1) 13 (6.4)
Stage A2 460 (44.3) 94 (46.1)
Stage A3 474 (45.6) 97 (47.5)
24hUP, g/day 0.26 (0.13, 0.79) 0.27 (0.13, 0.99)
24hUcr, g/day 1.56 (1.02, 2.60) 1.50 (1.10, 2.28)
24h urine amount, ml 1800 (1400, 2400) 1700 (1300, 2050)
Spot UPCR, mg/mg 0.14 (0.08, 0.56) 0.16 (0.08, 0.57)
Calculated protein intake, g/day 58.05 £ 27.14 58.19 £ 20.37

Data were expressed in number (%), mean + SD or median (25th percentile, 75th percentile).

Abbreviation: BMI, body mass index; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UPCR, urine protein-creatinine ratio.

https://doi.org/10.1371/journal.pone.0214614.t001

actual and predicted 24hUP from derivation cohort revealed uniform agreement with UP
excretion below 3.0g (Fig 2B). Validation of this prediction equation in a second cohort
(validation cohort) found a correlation coefficient of 0.915 between predicted and measured
estimated (Fig 2C). The Bland-Altman analysis comparing actual and predicted 24hUP of vali-
dation cohort illustrated high variability after nephrotic range of proteinuria (>3g/d, Fig 2D).
The development and validation of prediction equation to estimated BSA-adjusted 24hUP
were described in S1 Table. However, the performance of prediction equation to estimate
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Table 2. Correlations between UPCR and 24hUP (or BSA-adjusted 24hUP) in the derivation group.

Number Correlation Coefficient Interpretation p-value
Crude BSA-adjusted
Overall 1039 0.819 0.839 high <0.001*
CKD stage
GO 29 0.180 0.194 negligible 0.3507/0.312+
Gl 218 0.840 0.851 high <0.001"t
G2 269 0.835 0.839 high <0.001"+
G3a 136 0.793 0.812 high <0.001"+
G3b 168 0.745 0.787 high <0.001"+
G4 154 0.825 0.839 high <0.001"+
G5 65 0.808 0.822 high <0.001"+
Gender
Men 540 0.873 0.885 high <0.001"+
Women 499 0.795 0.810 high <0.001"+
Diabetes mellitus
Yes 394 0.798 0.829 high <0.001"+
No 645 0.883 0.894 high <0.001"+
Age, years
>60 633 0.857 0.876 high <0.001"
<60 406 0.765 0.779 high <0.001"+

CKD, chronic kidney disease; BSA, Body surface area.
* p-values, UPCR vs. 24hUP.
" p-value, UPCR vs. BSA-adjusted 24hUP.

https://doi.org/10.1371/journal.pone.0214614.t002

BSA-adjusted 24hUP from spot UPCR was similar to the original model (R” of the original
model is 0.80, and the BSA-adjusted one is 0.79, S1 Fig).

To further clarify the correlation of spot UPCR to 24hUP among situations of different
degrees of proteinuria, we stratified urines into daily proteinuria thresholds of <0.15g, 0.3g,
0.5g, 1.0g, 3.5g, 4.0g and 8.0g. A spot UPCR > 0.62 represent threshold to correlate with a
24hUP of > 1g (positive likelihood ratio of 17.18, negative likely ratio of 0.06, accuracy of 0.95
and AUROC of 0.97, Table 4).

Table 3. Multivariate linear regression analysis of variables associated with 24hUP excretion after logarithm transformation.

Variable Unstandardized coefficient 95% CI p-value
Lower Upper
Age -0.004 -0.005 -0.002 <0.001
Gender 0.111 0.076 0.144 <0.001
Body weight 0.004 0.003 0.005 <0.001
CKD stage coefficient” 0.002 -0.014 0.019 0.783
Log;oUPCR 0.814 0.783 0.845 <0.001
Constant -0.017 -0.137 0.101 0.763

Prediction equation: Log;(24hUP (g) = 0.814 x Log;,UPCR (mg/mg) + 0.110 x Gender- 0.004 x Age + 0.004 x Body weight (kg) + 0.002 x CKD stage coefficient- 0.018;
Model R* = 0.80; male = 1, female = 0;

*CKD stage coefficient: CKD stage G1 =1, G2 =2,G3a=3.1,G3b=3.2,G4=4,G5=5.

Abbreviation: CKD, chronic kidney disease; UPCR, urine protein-creatinine ratio.

https://doi.org/10.1371/journal.pone.0214614.t003
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Fig 2. Scatter plot (regression line y = 1.0714x, A) and Bland-Altman analysis (B) comparing predicted with measured
24h urine protein from derivation cohort (n = 1,039). Scatter plot (regression line: y = 1.5x, C) and Bland-Altman
analysis (D) comparing predicted with measured 24-hour urine protein from validation cohort (n = 204). The R%of
model is 0.80.

https://doi.org/10.1371/journal.pone.0214614.9002

Performance of our prediction equation

Table 5 summarized the performance of our prediction equation with three previous published
prediction equation using biological estimates of derivation cohort. Correlation coefficient
was the highest among all the predictions. The median difference was 12 (IQR: -63, 159) and
the median percent difference was 5 (IQR: -35, 40). We observed small bias (5%) in our equa-
tion indicating relatively acceptable precision. For accuracy, 25% of patients of our validation
cohort found to have a predicted 24hUP within 20% of the measured 24hUP (P20). The 82%
of patients of our validation cohort corresponded within 50% of the measured 24hUP. This
numbers were remarkable compared with 59% obtained from Ubukata equation [14] or 60%
from Hogan equation [7] (Table 5).

Discussion

Patients with proteinuria have increased risk for renal progression, cardiovascular disease and
mortality. The amount of proteinuria has not only risk prediction significance but it also is

Table 4. Threshold of spot UPCR to detect different degrees of daily proteinuria in derivation cohort (n = 1,039).

24hUP

Number

Spot UPCR threshold
Sensitivity

Specificity

Positive likelihood ratio
Negative likelihood ratio
Best Youden index
Accuracy

AUROC

>0.15g

727
0.17
0.60
0.93
8.48
0.43
0.53
0.76
0.81

>0.3g >0.5g >1.0g >3.5g >4.0g >8.0g
456 337 218 79 68 22
0.19 0.36 0.62 0.90 1.02 2.48
0.82 0.85 0.95 0.98 1.00 1.00
0.88 0.95 0.95 0.88 0.89 0.95
6.97 15.72 17.18 7.68 8.70 19.23
0.21 0.16 0.06 0.03 0.00 0.00
0.70 0.80 0.89 0.85 0.89 0.95
0.85 0.90 0.95 0.92 0.94 0.97
0.91 0.96 0.98 0.97 0.98 0.98

Abbreviation: 24hUP, 24-hours urine protein; UPCR, urine protein-creatinine ratio, AUROC, area under receiver operating characteristic curve.

https://doi.org/10.1371/journal.pone.0214614.t1004
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Table 5. Comparison of new and existing 24hUP excretion estimation equation in the derivation group.

Prediction equation Correlation coefficient Difference, mg/dayl|| Percent Difference, %9 Accuracy RMSE
P20 (%) P30 (%) P50 (%)

Chen* 0.866 12 (-63, 159) 5 (-35, 40) 25 40 82 1.0034

Teot 0.847 199 (88, 595) 77 (64, 85) 1 3 10 1.8756

Ubukatat 0.828 52 (-16, 180) 24 (-8, 54) 27 38 59 1.1541

Hogan$ 0.834 53 (-25, 227) 24 (-15, 52) 26 38 60 1.1082

Difference and percent difference were expressed in median (IQR).

* Chen Equation: Log;(24hUP (g) = 0.814 x Log;,UPCR (mg/mg) + 0.110 x Gender- 0.004 x Age + 0.004 x Body weight (kg) + 0.002 x CKD stage coefficient- 0.018;
CKD stage coefficient: CKD stage G1 =1, G2 =2,G3a=3.1,G3b=3.2,G4=4,G5=5.

"Teo Equation: Log 24hUP (g) = -0.617019 + 0.7150918 x Log UPCR (mg/mg)

*Ubukata Equation: 24hUP (g) = UPCR x [(Body weight (kg) x 14.89 + Height (cm) x 16.14 —Age x 2.043-2244.45) / 1000)]

SHogan Equation: Log 24hUP (g) = 0.88 x Log UPCR (mg/mg)

IDifference = measured 24hUP—predicted 24hUP (positive indicate measured value > predicted value)

Percent Difference = (measured 24hUP—predicted 24hUP) / measured 24hUP x 100%

Abbreviation: IQR, Interquartile range; RMSE, root mean square error.

https://doi.org/10.1371/journal.pone.0214614.t1005

useful for monitoring disease activity or progression. The 24h collection of urine represents a
cumbersome task for daily practice. Accurate and easy prediction of daily proteinuria from
spot urines is mandatory to facilitate clinical management. This study confirmed a good corre-
lation between the UPCR and 24hUP in a CKD cohort and developed an accurate prediction
equation to estimate 24hUP from a single spot UPCR. This prediction has further validated in
a second cohort showing high agreement. The findings of present study offered a fast and
accurate method to simply routine practice for assessment of proteinuria in CKD patients.

Researches investigating surrogate of measurement of 24hUP have shown inconclusive
results [10, 17-21]. Strong correlation between UPCR and 24hUP was found in type 1 diabetic
patients [17] and pediatric cohort [12]. The accuracy of prediction can be improved by multi-
plied spot UPCR to estimated Ucr in both proteinuric and non-proteinuric patients [12].
However, Hogan et al. reported moderate correlation between the random UPCR and 24hUP
in urine of patients with biopsy-proven glomerular disease. Age, obesity and the logarithmic
transformation of urine ratio can influence the correlation between random and daily urine
estimates [7]. Price et al. found good correlation of UPCR and 24hUP; however, the cut-off
values of significant proteinuria varied significantly among different disease entities [22]. Simi-
larly, Ubukata et al. found a significant correlation between the Up/Ucr and 24hUP in the low
(<1.0 g/day) and high urinary protein (>3.5 g/day) groups, whereas the correlation coefficient
was lower in the intermediate urinary protein group (1.0-3.5 g/day) [14]. The discrepancy of
the prediction between different studies may be attributed to several factors, including differ-
ent ethnic group, age, muscle size, circadian rhythm of urine collection or dietary pattern [23,
24]. The prediction of 24hUP from spot UP was strong across different subgroups of our
patient cohort (gender, age, presence of diabetes or different CKD stage, Table 2). The high
accuracy of prediction was observed among patients with different degrees of proteinuria
(Table 4) in two independent cohorts. The protein intake did not differ between the two
cohorts. In spite of the robustness of our model, further large-scale validation should be
needed to establish universal consensus.

Age, gender, body weight, Ucr and race are common variables used to estimate 24hUP (7,
12-14, 25]. In this study, we integrated several important demographic factors including age,
gender, body weight and CKD stage, in addition to the spot UPCR for estimation of 24hUP.
The correlation of estimated and measured 24hUP using our equation was higher than those
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of these studies. The age, gender, and body weight actually reflect the muscle size of patient
and, in turn, may contribute to the amount of Ucr concentration. The CKD stage may in part
influence the degree of proteinuria of disease. Peculiarly, despite of overall high correlations
between spot UPCR and 24hUP among different stages of CKD, we observed a slightly lower
correlation between spot UPCR and 24hUP in patients of CKD stage G3b (r = 0.745, p<0.001)
compared with patients of other stages. The relative wide range of proteinuria and high vari-
ability of patients due to diverse disease etiology may contribute to this dissimilarity between
patients of different CKD stages.

Nephrotic-range proteinuria represents a critical clinical condition that warrants further
diagnosis or treatment to preserve renal function. Rapid ascertainment of such degree of pro-
teinuria may guide medical decision. Renal biopsies should mandatory recommended to con-
firm renal damage. On the other hand, daily proteinuria of 1g serves as indicator of prognosis
or monitor of treatment response in glomerular disease. By using our prediction equation,
spot UPCR of 0.9 in a CKD stage G1 man of 60 years and 70 kg corresponded to a daily pro-
teinuria of 1.25g; in a CKD stage G3a woman with similar age and anthropometry may have a
daily proteinuria of 979 mg. This may represent a practical way to prompt medical decisions.

Here, we reported significant correlation between estimated 24hUP by using spot UPCR
and the daily collected proteinuria. However, several limitations of the study should be
addressed. First, the estimation has been developed from single ethnic population which lim-
ited the generalizability of study. Second, the information on the drug usage in these patients
were unknown. Some antiproteinuric drugs, such as those drugs interfering with renin-angio-
tensinogen-aldosterone system or pentoxifylline, may influence on the protein excretion of
participants. Finally, equation-based prediction of 24hUP in patients with severe proteinuria
should be interpreted with caution. In spite of high accuracy to predict 24hUP using spot
urine in patients with heavy proteinuria (Table 4), the affirmation may be limited by the rela-
tively scarce number of patients with heavy proteinuria in our derivation cohort. In addition,
correlations between predicted and measured value were more consistent for urines with pro-
teinuria below 3g than higher levels of proteinuria among both derivation and validation
groups (Fig 2B and 2D). Therefore, 24h urine sample collection should still be needed for pro-
teinuria quantification in patients with severe proteinuria. However, the use of two indepen-
dent cohorts with large sample size and wide range of proteinuria across diverse disease
etiology, establishment of standard protocol for urine collection which ensure accuracy of
urine preparation, evaluation between same day morning-spot urine and 24h urine collections
which can limit intra-individual and inter-day protein excretion variability [26-28] and the
comparison of performance among different prediction equations may strengthen the conjec-
ture of our supposition. Further prospective study should need to validate our finding in dif-
ferent populations.

In conclusion, spot UPCR can accurately predict 24hUP in patients with daily proteinuria
below 3g. The development of a simple equation: Log;c24hUP (g) = 0.814 x Log;(UPCR (mg/
mg) + 0.110 x Gender- 0.004 x Age + 0.004 x Body weight (kg) + 0.002 x CKD stage coeffi-
cient- 0.018, may facilitate clinical practice for estimation of daily proteinuria. The exact role
of this prediction equation in long-term patient outcome remains to be elucidated.

Supporting information

S1 Table. Multivariate linear regression analysis of variables associated with BSA-adjusted
24hUP excretion after logarithm transformation. Prediction equation: Log;(,24hUP (g) =
0.813 x Log;oUPCR (mg/mg) + 0.104 x Gender- 0.004 x Age + 0.003 x CKD stage coefficient
+0.256; Model R* = 0.79; male = 1, female = 0; *CKD stage coefficient: CKD stage G1 = 1,
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with measured BSA-adjusted 24-hour urine protein from validation cohort (n = 204). The R
of model is 0.79.

(TIFF)

S1 Dataset. Raw data used for this manuscript.
(XLSX)

Acknowledgments

We thank CKD Prevention Center and Community Medicine Research Center of Chang
Gung Memorial Hospital at Keelung for assistance in the patient recruitment and urine sample
preparation. This study was sponsored by Chang Gung Memorial Hospital (CMRPG260323,
CMRPG2C0342, CMRPG2F0072, CIRPG2E0013).

Author Contributions

Conceptualization: Yih-Ting Chen, I-Wen Wu.

Data curation: Yih-Ting Chen, Heng-Jung Hsu, Cheng-Kai Hsu.
Funding acquisition: I-Wen Wu.

Methodology: Kuang-Hung Hsu.

Project administration: Chun-Yu Chen.

Resources: Yi-Ching Yu.

Software: Chin-Chan Lee.

Supervision: Chiao-Yin Sun.

Validation: Kuang-Hung Hsu.

Writing - original draft: Yih-Ting Chen.

Writing - review & editing: Yung-Chang Chen, I-Wen Wu.

References

1. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJ, Mann JF, et al. Chronic
kidney disease and cardiovascular risk: epidemiology, mechanisms, and prevention. Lancet. 2013; 382
(9889):339-52. Epub 2013/06/04. https://doi.org/10.1016/S0140-6736(13)60595-4 PMID: 23727170.

2. Levey AS, de Jong PE, Coresh J, Nahas MEI, Astor BC, Matsushita K, et al. The definition, classifica-
tion, and prognosis of chronic kidney disease: a KDIGO Controversies Conference report. Kidney Inter-
national. 2011; 80(1):17-28. https://doi.org/10.1038/ki.2010.483 PMID: 21150873

3. Roderick PJ, Atkins RJ, Smeeth L, Mylne A, Nitsch DD, Hubbard RB, et al. CKD and mortality risk in
older people: a community-based population study in the United Kingdom. Am J Kidney Dis. 2009; 53
(6):950-60. https://doi.org/10.1053/j.ajkd.2008.12.036 PMID: 19394727.

4. FoxCS, Larson MG, Leip EP, Culleton B, Wilson PW, Levy D. Predictors of new-onset kidney disease
in a community-based population. JAMA. 2004; 291(7):844-50. https://doi.org/10.1001/jama.291.7.844
PMID: 14970063.

PLOS ONE | https://doi.org/10.1371/journal.pone.0214614  April 2, 2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214614.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214614.s003
https://doi.org/10.1016/S0140-6736(13)60595-4
http://www.ncbi.nlm.nih.gov/pubmed/23727170
https://doi.org/10.1038/ki.2010.483
http://www.ncbi.nlm.nih.gov/pubmed/21150873
https://doi.org/10.1053/j.ajkd.2008.12.036
http://www.ncbi.nlm.nih.gov/pubmed/19394727
https://doi.org/10.1001/jama.291.7.844
http://www.ncbi.nlm.nih.gov/pubmed/14970063
https://doi.org/10.1371/journal.pone.0214614

® PLOS |ONE

Predicting daily proteinuria from random urine

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Medina-Rosas J, Gladman DD, Su J, Sabapathy A, Urowitz MB, Touma Z. Utility of untimed single
urine protein/creatinine ratio as a substitute for 24-h proteinuria for assessment of proteinuria in sys-
temic lupus erythematosus. Arthritis Research & Therapy. 2015; 17:296. https://doi.org/10.1186/
$13075-015-0808-x PMID: 26497948

Bhide A, Rana R, Dhavilkar M, Amodio-Hernandez M, Deshpande D, Caric V. The value of the urinary
protein:creatinine ratio for the detection of significant proteinuria in women with suspected preeclamp-
sia. Acta Obstet Gynecol Scand. 2015; 94(5):542—6. https://doi.org/10.1111/aogs.12624 PMID:
25737188.

Hogan MC, Reich HN, Nelson PJ, Adler SG, Cattran DC, Appel GB, et al. The relatively poor correla-
tion between random and 24-hour urine protein excretion in patients with biopsy-proven glomerular
diseases. Kidney Int. 2016; 90(5):1080-9. https://doi.org/10.1016/j.kint.2016.06.020 PMID:
27528553.

Talreja H, Akbari A, White CA, Ramsay TO, Hiremath S, Knoll G. Predicting kidney transplantation out-
comes using proteinuria ascertained from spot urine samples versus timed urine collections. Am J Kid-
ney Dis. 2014; 64(6):962-8. https://doi.org/10.1053/j.ajkd.2014.07.027 PMID: 25304983.

Ginsberg JM, Chang BS, Matarese RA, Garella S. Use of single voided urine samples to estimate quan-
titative proteinuria. N Engl J Med. 1983; 309(25):1543-6. https://doi.org/10.1056/
NEJM198312223092503 PMID: 6656849.

Ruggenenti P, Gaspari F, Perna A, Remuzzi G. Cross sectional longitudinal study of spot morning urine
protein:creatinine ratio, 24 hour urine protein excretion rate, glomerular filtration rate, and end stage
renal failure in chronic renal disease in patients without diabetes. BMJ. 1998; 316(7130):504-9. PMID:
9501711.

Stevens PE, Levin A, Kidney Disease: Improving Global Outcomes Chronic Kidney Disease Guide-
line Development Work Group M. Evaluation and management of chronic kidney disease: synopsis of
the kidney disease: improving global outcomes 2012 clinical practice guideline. Ann Intern Med.
2013; 158(11):825-30. https://doi.org/10.7326/0003-4819-158-11-201306040-00007 PMID:
23732715.

Yang EM, Yoon BA, Kim SW, Kim CJ. Clinical utility of spot urine protein-to-creatinine ratio modified by
estimated daily creatinine excretion in children. Pediatr Nephrol. 2017; 32(6):1045-51. https://doi.org/
10.1007/s00467-017-3587-6 PMID: 28188437.

Fotheringham J, Campbell MJ, Fogarty DG, El Nahas M, Ellam T. Estimated albumin excretion rate ver-
sus urine albumin-creatinine ratio for the estimation of measured albumin excretion rate: derivation and
validation of an estimated albumin excretion rate equation. Am J Kidney Dis. 2014; 63(3):405—-14.
https://doi.org/10.1053/j.ajkd.2013.08.009 PMID: 24084157.

Ubukata M, Takei T, Nitta K. Estimation of the 24-h urinary protein excretion based on the estimated uri-
nary creatinine output. Clin Exp Nephrol. 2016; 20(3):456—61. https://doi.org/10.1007/s10157-015-
1178-z PMID: 26649562.

National Kidney Foundation: K/DOQI Clinical practice guidelines for Chronic Kidney Disease: Evalua-
tion, classification and stratification. Am J Kidney Dis. 2002; 39(suppl 1):S1-S266.

Teo BW, Loh PT, Wong WK, Ho PJ, Choi KP, Toh QC, et al. Spot urine estimations are equivalent to
24-hour urine assessments of urine protein excretion for predicting clinical outcomes. Int J Nephrol.
2015; 2015:156484. https://doi.org/10.1155/2015/156484 PMID: 25649135.

Rodby RA, Rohde RD, Sharon Z, Pohl MA, Bain RP, Lewis EJ. The urine protein to creatinine ratio as a
predictor of 24-hour urine protein excretion in type 1 diabetic patients with nephropathy. The Collabora-
tive Study Group. Am J Kidney Dis. 1995; 26(6):904—9. PMID: 7503064.

Nayak R, Annigeri RA, Vadamalai V, Seshadri R, Balasubramanian S, Rao BS, et al. Accuracy of spot
urine protein creatinine ratio in measuring proteinuria in chronic kidney disease stage 3 and 4. Indian J
Nephrol. 2013; 23(6):428-33. https://doi.org/10.4103/0971-4065.120340 PMID: 24339521.

Morales JV, Weber R, Wagner MB, Barros EJ. Is morning urinary protein/creatinine ratio a reliable esti-
mator of 24-hour proteinuria in patients with glomerulonephritis and different levels of renal function? J
Nephrol. 2004; 17(5):666—72. PMID: 15593033.

Wahbeh AM, Ewais MH, Elsharif ME. Comparison of 24-hour urinary protein and protein-to-creatinine
ratio in the assessment of proteinuria. Saudi J Kidney Dis Transpl. 2009; 20(3):443—7. PMID:
19414948.

Methven S, MacGregor MS, Traynor JP, O’Reilly DS, Deighan CJ. Assessing proteinuria in chronic kid-
ney disease: protein-creatinine ratio versus albumin-creatinine ratio. Nephrol Dial Transplant. 2010; 25
(9):2991-6. https:/doi.org/10.1093/ndt/gfq140 PMID: 20237054.

Price CP. Use of Protein:Creatinine Ratio Measurements on Random Urine Samples for Prediction of
Significant Proteinuria: A Systematic Review. Clinical Chemistry. 2005; 51(9):1577-86. https://doi.org/
10.1373/clinchem.2005.049742 PMID: 16020501

PLOS ONE | https://doi.org/10.1371/journal.pone.0214614  April 2, 2019 11/12


https://doi.org/10.1186/s13075-015-0808-x
https://doi.org/10.1186/s13075-015-0808-x
http://www.ncbi.nlm.nih.gov/pubmed/26497948
https://doi.org/10.1111/aogs.12624
http://www.ncbi.nlm.nih.gov/pubmed/25737188
https://doi.org/10.1016/j.kint.2016.06.020
http://www.ncbi.nlm.nih.gov/pubmed/27528553
https://doi.org/10.1053/j.ajkd.2014.07.027
http://www.ncbi.nlm.nih.gov/pubmed/25304983
https://doi.org/10.1056/NEJM198312223092503
https://doi.org/10.1056/NEJM198312223092503
http://www.ncbi.nlm.nih.gov/pubmed/6656849
http://www.ncbi.nlm.nih.gov/pubmed/9501711
https://doi.org/10.7326/0003-4819-158-11-201306040-00007
http://www.ncbi.nlm.nih.gov/pubmed/23732715
https://doi.org/10.1007/s00467-017-3587-6
https://doi.org/10.1007/s00467-017-3587-6
http://www.ncbi.nlm.nih.gov/pubmed/28188437
https://doi.org/10.1053/j.ajkd.2013.08.009
http://www.ncbi.nlm.nih.gov/pubmed/24084157
https://doi.org/10.1007/s10157-015-1178-z
https://doi.org/10.1007/s10157-015-1178-z
http://www.ncbi.nlm.nih.gov/pubmed/26649562
https://doi.org/10.1155/2015/156484
http://www.ncbi.nlm.nih.gov/pubmed/25649135
http://www.ncbi.nlm.nih.gov/pubmed/7503064
https://doi.org/10.4103/0971-4065.120340
http://www.ncbi.nlm.nih.gov/pubmed/24339521
http://www.ncbi.nlm.nih.gov/pubmed/15593033
http://www.ncbi.nlm.nih.gov/pubmed/19414948
https://doi.org/10.1093/ndt/gfq140
http://www.ncbi.nlm.nih.gov/pubmed/20237054
https://doi.org/10.1373/clinchem.2005.049742
https://doi.org/10.1373/clinchem.2005.049742
http://www.ncbi.nlm.nih.gov/pubmed/16020501
https://doi.org/10.1371/journal.pone.0214614

® PLOS |ONE

Predicting daily proteinuria from random urine

23.

24,

25.

26.

27.

28.

Rush EC, Freitas |, Plank LD. Body size, body composition and fat distribution: comparative analysis of
European, Maori, Pacific Island and Asian Indian adults. Br J Nutr. 2009; 102(4):632—41. https://doi.org/
10.1017/S0007114508207221 PMID: 19203416.

Naresh CN, Hayen A, Weening A, Craig JC, Chadban SJ. Day-to-day variability in spot urine albumin-
creatinine ratio. Am J Kidney Dis. 2013; 62(6):1095—101. https://doi.org/10.1053/j.ajkd.2013.06.016
PMID: 23958401.

Chen CF, Yang WC, Yang CY, Li SY, Ou SM, Chen YT, et al. Urinary protein/creatinine ratio weighted
by estimated urinary creatinine improves the accuracy of predicting daily proteinuria. The American
journal of the medical sciences. 2015; 349(6):477—87. Epub 2015/05/21. https://doi.org/10.1097/MAJ.
0000000000000488 PMID: 25992536.

Wouerzner G, Firsov D, Bonny O. Circadian glomerular function: from physiology to molecular and thera-
peutical aspects. Nephrol Dial Transplant. 2014; 29(8):1475-80. https://doi.org/10.1093/ndt/gft525
PMID: 24516223.

Koopman MG, Krediet RT, Koomen GC, Strackee J, Arisz L. Circadian rhythm of proteinuria: conse-
quences of the use of urinary protein:creatinine ratios. Nephrol Dial Transplant. 1989; 4(1):9-14. PMID:
2494607.

Gaspari F, Perico N, Remuzzi G. Timed urine collections are not needed to measure urine protein
excretion in clinical practice. Am J Kidney Dis. 2006; 47(1):1-7. https://doi.org/10.1053/j.ajkd.2005.10.
014 PMID: 16377379.

PLOS ONE | https://doi.org/10.1371/journal.pone.0214614  April 2, 2019 12/12


https://doi.org/10.1017/S0007114508207221
https://doi.org/10.1017/S0007114508207221
http://www.ncbi.nlm.nih.gov/pubmed/19203416
https://doi.org/10.1053/j.ajkd.2013.06.016
http://www.ncbi.nlm.nih.gov/pubmed/23958401
https://doi.org/10.1097/MAJ.0000000000000488
https://doi.org/10.1097/MAJ.0000000000000488
http://www.ncbi.nlm.nih.gov/pubmed/25992536
https://doi.org/10.1093/ndt/gft525
http://www.ncbi.nlm.nih.gov/pubmed/24516223
http://www.ncbi.nlm.nih.gov/pubmed/2494607
https://doi.org/10.1053/j.ajkd.2005.10.014
https://doi.org/10.1053/j.ajkd.2005.10.014
http://www.ncbi.nlm.nih.gov/pubmed/16377379
https://doi.org/10.1371/journal.pone.0214614

