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Background: There is little information available on quantitative description of the relationship between urine albumin-to-
creatinine ratio (ACR) and 24-h urine protein excretion (24-h UPE). Here, we developed a calculation tool for
24-h UPE using the urine ACR and limited information on the request form.

Material/Methods: This was a retrospective and observational study. All individuals with same-day urine ACR and 24-h UPE tests in
Sichuan Provincial People’s Hospital from September 1, 2018 to December 31, 2019 were enrolled. Correlation
and agreement between urine ACR and 24-h UPE were evaluated using correlation analysis and an intraclass
correlation coefficient, respectively. The Durbin-Watson test and ANOVA were used to assess the performance
of the calculation tool, and reliability of the prediction equation was evaluated in the validation group using
residual error analysis.

Results: A total of 906 participants were enrolled, including 639 participants in the development group and 267 in the
validation group. Natural logarithm transformation was applied to remove skewness. Natural logarithm-trans-
formed urine ACR correlated well with natural-logarithm-transformed 24-h UPE (Pearson coefficient=0.908;
P<0.001) and the agreement was consistently good (overall ICC=0.938; 95% Cl: 0.928-0.947; P<0.001). The mul-
tivariable regression model had good performance (R?=0.864) and high accuracy, demonstrated by results of
residual error analysis.

Conclusions: We provide a practical calculation tool to estimate total protein excretion using urine ACR and readily acces-
sible variables. However, 24-h UPE is still mandatory when proteinuria is over 10 g/day or when most protein-
uria may not be of glomerular origin.
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Background

Proteinuria is not only one of the most important manifesta-
tions of kidney diseases, it is also an essential measurement
in monitoring the progress and prognosis of various glomer-
ular diseases [1]. Therefore, its quantification constitutes an
indispensable part of the daily practice of nephrologists, and
24-h urine protein excretion (24-h UPE) is considered the cri-
terion standard method. However, this test can be cumber-
some for patients and can have a high risk of inaccuracy due
to inadequate sample collection [2].

Other well-accepted approaches to evaluate proteinuria are
the urine protein-to-creatinine ratio (PCR) and urine albumin-
to-creatinine ratio (ACR) in spot morning urine samples [3],
whose collection is much simpler than that of 24-h urine col-
lection. Although there are a number of studies using urine
PCR to predict 24-h UPE [2-5], investigating the correlation
between PCR and ACR [6], and demonstrating that ACR and
PCR in random urine are strongly correlated [7,8], the quanti-
tative description of the relationship between urine ACR and
24-h UPE has not been well described [4]. In addition, there
is ongoing debate on the utility and practicality of replacing
24-h urine collection with a spot morning urine sample [9,10].

The routine proteinuria examinations carried out in our hos-
pital include the 24-h UPE and urine ACR tests. However, we
have found the 24-h urine collection procedure to be poorly
understood by patients, especially those with lower levels of
education, which often causes errors in the results. Therefore,
we developed a simple tool which can be easily used for pa-
tients who present for the first time and do not have time to
collect a 24-h urine sample to estimate 24-h UPE using urine
ACR and limited information on the request form. We hope this
tool can provide more information to facilitate clinical practice.

Material and Methods

Study Population

This was a retrospective and observational study of all individ-
uals who had proteinuria assessment by urine ACR and 24-h
UPE on the same day from September 1, 2018, to December
31, 2019, in Sichuan Provincial People’s Hospital. Data were
extracted from the electronic system of the Department of
Laboratory Medicine instead of the medical record system to
ensure accuracy. All patients who had been prescribed protein-
uria examinations were instructed verbally and by printed in-
structions on the correct procedure of urine sample collection
as part of a hospital-wide standardized program launched June
1, 2018, which was adopted from the study by Smith et al [8].
Briefly, the urine ACR sample was the spot morning mid-stream
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urine sample. To collect the 24-h urine samples, patients were
instructed to empty the bladder in the morning and discard
the urine, and from that point onward for 24 h, all urine was
to be saved in a clean container. The last urine sample was
to be collected at the end of that 24-h period when the blad-
der was emptied. Once the collection was completed, patients
were instructed to measure the total amount of urine and ad-
equately mix the urine sample by stirring with a clean stick
or by gently inverting the container several times. After that,
a sample of 3 to 5 mL of urine was to be sent to the labora-
tory with the total amount marked. This program encouraged
clinicians to order the 24-h UPE and urine ACR simultaneous-
ly for urine protein examination candidates. The Nephrology
Department also held 2 lectures on screening for chronic kid-
ney diseases to popularize the program. To avoid confusion
from overflow proteinuria, patients with a confirmed diagno-
sis of hematologic diseases were excluded, as were those with
an obvious mismatch of urine ACR and 24-h UPE, which was
defined as urine ACR <500 pg/mg plus 24-h UPE >5 g or urine
ACR >5000 pg/mg plus 24-h UPE <1 g.

This study was approved by the local Ethics Committee of
Sichuan Provincial People’s Hospital (no. 2017.124). The
Institutional Review Board waived the need for informed con-
sent since this was an observational analysis of de-identified
data. The study was conducted in compliance with local ethics
specifications and the principles of the Helsinki Declaration.

Measurement of Proteinuria

All urine specimens were handled and tested at our central
laboratory, and appropriate measurements of preservation
and shipment of urine samples were applied. Urinary albu-
min, urinary creatinine, and total urinary protein were tested
on a Beckman Coulter AU5841 chemical analyzer (Beckman
Coulter, CA, USA) using a turbidimetric immunoassay, sar-
cosine oxidase assay, and pyrogallol red assay, respectively.
Three commercial test kits were traced to the standard refer-
ence materials NIST ERM DA470k, SRM 967a, and SRM 927d,
respectively. Urine ACR (ug/mg) was calculated as the ratio
of urine albumin concentration to urine creatinine concentra-
tion. The linear range of urine albumin, urine creatinine, and
24-h UPE tests were 4 to 300 mg/mL, 2.4 to 8840 pmol/L, and
0 to 200 mg/L, respectively. All 3 assessments were validated
and certified by the National Center for Clinical Laboratories
and compared against the secondary reference laboratory re-
sults. All tests were completed within 4 h of urine collection.

Data Collection
Basic information on the request form, including age, sex,

source, request department, and primary diagnosis, was col-
lected alongside the results of urine ACR and 24-h UPE. The
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source of samples was classified as either out-patient or in-
patient. Requesting departments were classified into Internal
Medicine and “others”, which consisted of Surgery, Pediatrics,
Gynecology and Obstetrics, Emergency Department, and oth-
ers. Primary diagnoses were classified into routine examina-
tion and medical condition-related diagnosis, which included
proteinuria with unknown origin, nephrotic syndrome, non-di-
alysis-dependent chronic kidney disease, dialysis-dependent
chronic kidney disease, connective tissue disease, and others.

Statistical Analysis

The Kolmogorov-Smirnov test was used to test the normality
of distribution for all continuous data. Natural logarithm (LN)
transformation was applied to move skewness when need-
ed. Descriptive data were expressed in terms of the median
(interquartile range) or mean#standard deviation for contin-
uous data and number (percentage) for categorical data. To
investigate the correlation between urine ACR and 24-h UPE,
the correlation coefficient was determined and interpreted
as follows [11]: 0.00 to 0.29, negligible; 0.3 to 0.49, low; 0.5
to 0.7, moderate; 0.7 to 0.9, high; and 0.9 to 0.99, very high.
Intraclass correlation coefficient (ICC) estimates and their 95%
confidence intervals (Cls) were calculated based on an abso-
lute-agreement, 2-way mixed-effects model [12] to evaluate
the agreement between urine ACR and 24-h UPE. An ICC >0.85
was interpreted as good agreement [13].

To develop and validate an equation to calculate 24-h UPE,
we followed a 4-step procedure. First, the population was
randomly divided at a ratio of 7: 3 into a development group
and a validation group. Differences in variables between the
development and validation groups were tested using the t
test or Wilcoxon rank-sum test for continuous variables and
the chi-squared test for categorical variables. Second, a qual-
itative evaluation of potential significant factors of 24-h UPE
in the development group was performed, including the chi-
squared test for categorical variables and correlation analysis
for continuous variables. Third, we developed a multivariable
LN transformation prediction equation of 24-h UPE by the mul-
tivariable linear regression method using a forward elimina-
tion approach to select predictors from the baseline variables.
The Durbin-Watson test and ANOVA were applied to assess
the performance of the prediction model. Fourth, we evaluat-
ed the reliability of the prediction equation in the validation
group using residual error analysis. Afterward, subgroup anal-
ysis was carried out for significant variables in the final pre-
diction equation. In addition, we did a subgroup analysis for
24-h UPE within different ranges.

Statistical analysis was performed using SPSS version 22.0
(IBM Corp, Armonk, NY, USA), with statistical significance set
at P<0.05.
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« With hematology diagnosis (n=30)
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Figure 1. Flow chart of study population. The figure was created
by PowerPoint 2010 for Windows (Microsoft, WA, USA).

Results

A total of 942 participants with same-day urine ACR and 24-h
UPE test results were identified from the hospital’s database,
among which 36 were excluded owing to hematology diag-
nosis or an obvious mismatch between 24-h UPE and urine
ACR, leaving 906 participants in the total population, includ-
ing 639 in the development group and 267 in the validation
group (Figure 1). Because the distribution of urine ACR and
24-h UPE data are known to be highly skewed, as confirmed
by the Kolmogorov-Smirnov test, we applied a LN transfor-
mation equation to move skewness, and the LN transformed
variables (LN urine ACR and LN 24-h UPE) were used for sub-
sequent analyses (Supplementary Figures 1, 2). There was
no difference in demographic or basic clinical information
between the 2 groups, supporting the comparability of the
groups (see Table 1).

Correlation and Agreement

Correlation analysis showed a strong correlation between LN
24-h UPE and LN urine ACR in the overall population and dif-
ferent subgroups (Pearson coefficients: 0.908, 0.925, 0.876
in the overall, development, and validation groups, respec-
tively; all P<0.001). The agreement between these 2 variables
was also consistently satisfactory (ICCs: 0.938, 0.945, 0.924
in the overall, development, and validation groups, respec-
tively; all P<0.001).

Prediction Equation of 24-h UPE

Qualitative evaluation revealed potential significant factors for
LN 24-h UPE, including source (x? test: t=7.550, P<0.001), pri-
mary diagnosis (x? test: t=5.942, P<0.001), sex (x? test: t=3.285,
P=0.001), age (Spearman r=0.087, P=0.027), and LN urine ACR
(Pearson r=0.908, P<0.001). Significant predictors included in
the multivariable linear regression equation were LN urine ACR,
source, and sex (Table 2). Results of the Durbin-Watson test
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Table 1. Characteristics of the study population.

Variables Total population Development Validation
(n=906) population (n=639) population (n=267)
Source, n (%) 0.682 0.168
 Outpatent 474 (52 331 (52 w sy
 npatient 432 @48 308 (48 24 @6)
PR B 0619 0247
 Male 485 (500 317 50) 38 9
""" Female 451 () 322 (50) 120 @48
Age(), medianor) s ey 45 8 s @ 0770 84257
Department,n) (NS $Z84040909090909 N 0951 0004
©intenal medicne 805 8)  se7 (89 238 @)
Cothes 01 1y 20y »a
Disgnosisns) (NN 8809009090900 N 0855 0033
""" Disease-related 684 (75 484 (76) 200 @?5)
""" Examinaton 222 (25 155 (4 e @)
fﬁ(;t/t;,ﬁ;ijil:mgr{) 184.60 (740.65) 193.00 (709.50) 143.70 (840.20) 0.652 0.452
?pp;to:jf)'jemcgzi"’:;”zr&) 6791.00 (4785.75)  6723.00 (4608.00)  6868.00 (4977.000) 0.435 0.780
i:i’;?a/:c(FQ(%g/ me), 247.99 (932.11) 25030 (991.75) 23637 (889.38) 0931 85616
24h UPE(@), median IQR) 051 (155) 1 052 (169 050 (138 0881 84767

* Development population vs Validation population. ** For continuous variables, statistics derived from Wilcoxon Rank Sum Test.
For categorical variables, statistics derived from y2 Test. ACR — albumin/creatinine ratio; IQR — interquartile range; n — number;
SD - standard deviation; y — years; 24h UPE — 24 hour urine protein excretion.

Table 2. Multivariable linear regression results of the prediction model.

Unstandardized coefficients 95% Cl of B-coefficients

Constant -4.251 0.078 -54.436 0.000 -4.405 -4.098
N (urineACR) o719 0012 60365 0000 0695 0742
Csex 031 o0os0 7151 0000 0447 0255
Csowce 0205 0050 4065 0000 0304 0106

ACR — albumin/creatinine ratio; Cl — confidential interval; LN — natural logarithm; SE — standard error.

(1.661) and ANOVA (F=1357.608, P=0.000) demonstrated the LN 24-h UPE(g)=0.719*LN urine ACR (ug/mg)-0.205 (if out-
prediction equation met the requirement of independence. A patient)-0.351 (if female)-4.251 (R?=0. 864).
standardized residual error histogram and residual error plot

demonstrated that the prediction equation met the require- The equation was then back-transformed and translated into
ment of normality and homogeneity (Figure 2). The detailed an online calculator for the readers’ convenience (scan the
equation was as follows: QR code in Supplementary Figure 3 in Supplementary data
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Figure 2. Illustration of performance evaluation in the development group. (Left) Histogram of standardized residual error in the

development group, demonstrating the linear regression met the requirement of normality. The horizontal coordinates
represent standardized residual errors between predicted and observed results. The vertical coordinates represent
percentages. (Right) Plot of residual errors in the development group, demonstrating the linear regression met the
requirement of homogeneity and independence. The horizontal coordinates represent predicted natural logarithm-
transformed 24-h urine protein excretion. The vertical coordinates represent residual errors between predicted and observed
results. The figure was created by SPSS version 22.0 (IBM Corp, Armonk, NY, USA).

or visit: http://redcap.samsph.com: 16866/surveys/ and enter
the code: HZXKTXXDW).

The residual error evaluation of the prediction equation in
the validation group also supported the good calibration
(Supplementary Figure 4). Subgroup analyses indicated out-
patients and female patients tended to have more positive
residual errors (Supplementary Figures 5, 6). The predic-
tion equation performed best for 24-h UPE <3.5 g/day, as the
mean of standard errors was the lowest among the 3 groups
(Supplementary Table 1 and Supplementary Figure 7).

Discussion

This study demonstrated good correlation and agreement be-
tween spot urine ACR and 24-h UPE in patients having these
2 examinations simultaneously. Our multivariable regression
model of 24-h UPE had a good performance (R?=0.864) and
high accuracy demonstrated by results of residual error anal-
ysis. However, the present equation is not suitable for over-
flow proteinuria when the main reason for urine protein is not
glomerular diseases.

In 2009, Eknoyan et al proposed the limitations of different
methods for urine albumin detection [14]. Bachmann et al com-
pared the bias between 16 commonly used detection meth-
ods and showed that there were sizable differences in the

urine albumin detection results of different reagent manufac-
turers [15]. The diversity of albumin in urine presents a great
challenge for its accurate quantification [16]. ERM DA470k, de-
veloped by the International Federation of Clinical Chemistry,
is used as a candidate reference substance for urine albu-
min [17]. It is especially important to evaluate the consistency
of different methods to ensure the applicability of the meth-
od. Urine albumin, urine creatinine, and urine total protein in
the present study can be traced back to NIST ERM DA470k,
SRM 9673, and SRM 927d in their respective specifications,
ensuring the application scenarios of the results of this re-
search in other regions.

Owing to the difficulty in adequately collecting 24-h urine, es-
pecially in patients with lower levels of education and/or with
poor compliance, there has long been an effort to use results
from spot urine to replace 24-h UPE during clinical decision
making [18-20]. Our findings of a strong correlation between
urine ACR and 24-h UPE were consistent with previous re-
ports on the correlation between these 2 variables in primary
glomerular disease as well as other diseases with secondary
proteinuria [21-23]. Atkins et al also reported a strong corre-
lation between urine albumin excretion and total protein ex-
cretion in the Australian adult population, particularly among
the elderly and patients with comorbidities, but concluded a
urine albumin measurement should not replace the total pro-
tein excretion test [24]. Teo et al reported similar results in pa-
tients with chronic kidney disease and provided an equation to
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calculate 24-h UPE using urine ACR [25]. Our study examined
the correlation between spot urine protein and 24-h UPE in
a larger population, including patients with internal medicine
diseases and patients who presented for a routine check-up.
The primary care system is not yet well established in China;
therefore, many people come to hospitals for examinations
without symptoms. This can be reflected by the medians of
urine ACR and 24-h UPE, which were both below the signifi-
cant pathological level in the present study. The equation also
benefits from the limited number of predictors, making it very
easy and convenient to use. Therefore, our results might help
us to conveniently estimate total protein excretion in a more
general situation, especially in the clinic. In addition, the web-
based survey tool can continuously collect data, and we look
forward to its future updates. With more data collected, we
are hoping to further improve the applicability of the equation.

Be that as it may, the use of urine ACR as a sole indicator for
quantification of proteinuria has not reached a consensus [9,10].
Huang et al reported that spot urine ACR was a simple and
convenient indicator of significant proteinuria in women with
pre-eclampsia [19]; however, by querying the US nationwide
laboratory network, Katayev et al found that testing for only
urine (micro)albumin can miss up to 40% of female patients
and 30.8% of male patients with gross proteinuria [26]. The
difference might result from the different study populations.
It is important to note that total protein excretion estimat-
ed by albuminuria cannot be used when most protein excret-
ed is not mainly due to the impaired filtration, but rather is
due to over-excretion or impaired absorption [27]. Estimating
24-h UPE by urine ACR is suitable for urine protein of glomer-
ular origin. Therefore, in situations when the major compo-
nent of proteinuria is from a tubular origin, collecting 24-h
urine is still mandatory.

Subgroup analysis indicated the prediction equation performed
best for 24-h UPE of <3.5 g/day. The discrepancy between
predicted and observed 24-h UPE values increased with the
amount of 24-h UPE. This result was consistent with our clin-
ical observation. However, it should also be noted that there
were far fewer participants in the high proteinuria group than
in the low proteinuria group. Another result from the subgroup
analysis was that the prediction equation tended to over-es-
timate 24-h UPE for out-patients and female patients, reflect-
ed by the negative signs in front of the 2 corresponding vari-
ables in the equation. Further improvement is expected since
continuous data collection in ongoing.

The study has some limitations. First, the study was based on
a retrospective analysis of participants who had both urine
ACR and 24-h UPE tests at the same time from a single center.

LiuX. et al:
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Selection bias could not be avoided since patients present-
ing with proteinuria but having 24-h UPE and urine ACR test-
ed separately were excluded. As mentioned earlier, we tried
to reduce the bias through a hospital-wide program and in-
ternal lectures, which encourage clinicians to order both tests
at the same time. In addition, the equation should improve
with continuous data collection. To be generalized to a wider
population, these results still need further validation. Second,
the prediction model has an inherent limitation of not being
suitable for proteinuria of tubular origin, as mentioned earli-
er. Therefore, we need to keep this in mind when interpreting
the results. Third, since we did not routinely measure body
weight in our clinic, we were not able to evaluate the adequacy
of urine collection, which was usually assessed by comparing
the creatinine from the 24-h urine sample collection with the
expected creatinine content [1]. Including samples from un-
der-collection might have interfered with the accuracy in as-
sessing the correlation and agreement between urine ACR and
24-h UPE. To overcome this limitation, we provided patients
with instructions on collecting urine specimens according to
a hospital-wide standardized program and enrolled every pa-
tient with paired urine ACR and 24-h UPE results to reduce
possible bias. With more data collected, the performance of
the estimation tool is hoped to improve.

Conclusions

In conclusion, urine ACR was correlated with 24-h UPE in a
general population. Based on our results, we offer a practical
calculation tool to estimate total protein excretion using urine
ACR and readily accessible variables. However, 24-h UPE is still
mandatory when proteinuria is over 10 g/day or when most
proteinuria may not be of glomerular origin.
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Supplementary Figure 1. Raw and natural logarithm-transformed urine ACR. The distribution of urine ACR was highly skewed, and
transformed to normal distribution after natural logarithm transformation. The figure was created by SPSS

version 22.0 (IBM SPSS, Chicago, Illinois).
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Supplementary Figure 2. Raw and natural logarithm-transformed 24-h urine protein excretion (24-h UPE). The distribution of 24-h
UPE was highly skewed, and transformed to normal distribution after natural logarithm transformation. The

figure was created by SPSS version 22.0 (IBM Corp, Armonk, NY, USA).

Supplementary Figure 3. QR code for the online calculator.
Readers can scan the QR code
using mobile phone to access to
the calculator for convenience. The
QR code was created by REDCap™
(Nashville, TN, USA).
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Supplementary Figure 4. Model evaluation in the validation group. (Left) Histogram of standardized residual error in the validation
group, demonstrating the linear regression met the requirement of normality. The horizontal coordinates
represent standardized residual errors between predicted and observed results. The vertical coordinates
represent percentages. (Right) Plot of residual errors in the validation group, demonstrating the linear
regression met the requirement of homogeneity and independence. The horizontal coordinates represent
predicted natural logarithm-transformed 24-h urine protein excretion. The vertical coordinates represent
residual errors between predicted and observed results. The figure was created by SPSS version 22.0 (IBM
Corp, Armonk, NY, USA).
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Supplementary Figure 5. Residual error distribution among out-patients and in-patients. Plot of residual errors indicated out-patients
tended to have more positive residual error, implying the predicted model was likely to over-estimate for
out-patients. The horizontal coordinates represent predicted natural logarithm-transformed 24-h urine
protein excretion. The vertical coordinates represent residual errors between predicted and observed results.
The figure was created by SPSS version 22.0 (IBM Corp, Armonk, NY, USA).
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Supplementary Figure 6. Residual error distribution among male and female participants. Plot of residual errors indicated out-patients
tended to have more positive residual error, implying the predicted model was likely to over-estimate for
females. The horizontal coordinates represent predicted natural logarithm-transformed 24-h UPE. The
vertical coordinates represent residual errors between predicted and observed results. The figure was
created by SPSS version 22.0 (IBM SPSS, Chicago, Illinois).

Supplementary Table 1. The accuracy of the prediction equation for different ranges of 24-h urine protein excretion in the validation
group.

95% CI

24h UPE (g/day)

<35 791 (87.3) 0.084 0.037 0.130
>3.5,<10 87 (9.6) -0.278 -0.366 -0.190
>10 28 (3.1) -0.709 -0.866 -0.551

Cl - confidential interval; n — number; MSE — mean of standard errors; 24h UPE — 24 hour urine protein excretion.

Supplementary Figure 7. Mean of residual error distribution
among different levels of 24-h UPE.

5.001 % The horizontal coordinates represent
& different levels of 24-h UPE. The
I 2501 vertical coordinates represent means
5 of residual errors between predicted
";'?_, and observed 24-h UPE. The figure
g 001 % was created by SPSS version 22.0 (IBM
g . % SPSS, Chicago, Illinois).
£ 2501 °
= 639

-5.00
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