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Error in Estimation of 24-Hour Urine Protein Using Protein
to Creatinine Ratio in Chronic Kidney Disease Patients

Phatcharapong Thaweesukolrat, M.D.*
Adis Tasanarong, M.D., Ph.D.*
Abstract Pichaya Tantiyavarong, M.D., Ph.D.*

Urine protein to creatinine ratio (UPCR) is commonly used to estimate 24-hour urine
protein (24hrUP). However, in our practice, we observe the discrepancy between both
indices. This study aims to find an error in estimation of 24hrUP using UPCR. A cross-sectional
study was conducted in Thammasat University Hospital during December 2016 and
November 2017. Chronic kidney disease (CKD) patients were enrolled. All patients were
measured proteinuria by 24-hour urine collection and UPCR using a standard method.
Inadequate samples were excluded. We compared both indices using Pearson correlation.
Bland and Altman plot was used to determine an agreement with pre-defined acceptable
different range of + 0.5. Furthermore, UPCR was stratified into subgroups to find the most
reliable range to estimate proteinuria using linear regression models. Sixty-six of total 147 CKD
patients were included for analysis. The main reason for exclusion was inadequate 24-hour
urine collection (44% of complete urine examination). Mean age (SD) was 60.4 (15.0) years,
63.6% were male, and one-third had diabetes kidney disease. Mean estimated GFR (SD) was
58.7 (30.3) ml/min/1.73m’. We found a high correlation between 24-hour urine protein and
UPCR (r = 0.86; p < 0.001). Linear regression showed that the range of UPCR with the highest
agreement with 24hrUP was between 0-2, with equation: 24hrUP = 0.99 * UPCR - 0.01. Systematic
uptrend of error was observed when UPCR was more than 2. UPCR is highly correlated with
24hrUP. We suggest the most reliable range of UPCR used to estimate 24hrUP is < 2. UPCR
of more than 2 overestimates 24hrUP.

Keywords: Measurement error, Proteinuria, Chronic kidney disease

*Department of Medicine, Faculty of Medicine, Thammasat University, Pathum-Thani.
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disease) dmidudgyniansisuguszaulan
sruveluUssmdlng 9105189 uvesEuAY
IsalauwssUsemelned we. 2555 wuanlsaln
Teidets fawmmmananlsalumvinu (diabetic
nephropathy) Seeag 37.5 S9989U1ADAINAU
Iaﬁmq& (hypertensive nephropathy) $e8ag
25.6 mazmiqmﬁgummﬁuﬂaﬁnz (obstructive
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F9819La NN (cross-sectional analytic study)
2. Uszrnsiivhnis@inen (Study population)
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AsteRtunIUaanzsindu (creatinine excretion)
fifinnswasuntasnnningas 60-140% vas
ﬂﬁll’]@i%']u‘ﬁﬁ’]u@m%’mLWﬂLLﬁ“ﬁ/WWﬁﬂ"U@Q
Dwyer and Kenler" IWEJWUWEJLLa N‘Mmﬁu
ﬂ']ll’]@ﬁ;ﬁsqusLUﬂ’ﬁ?JUﬂ’]iﬂiL@muquﬂﬁﬁﬁq’l°’ GN'L!

Male: Creatinine excretion = (24-hr
urine creatinine in mg) / 24 * BW (kg) * 100

Female: Creatinine excretion = (24-hr
urine creatinine in mg) / 21 * BW (kg) * 100
5. A3 UAANYAILAZAED

24hrUP  24-Hour Urine Protein

ACEl Angiotensin Converting
Enzyme Inhibitor

ARB Angiotensin Receptor Blocker

BAplot Bland and Altman plot

UPCR  Urine to Protein Creatinine

Ratio

6. MstviuavuIndaegefidlulasinisise
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AUREUDNLIINEIUIATTSUAANSIRAUNTENY SR
Lﬁadﬁm’m urine volume, 24 hr- urine protein,
24 hr-urine creatinine

2. dlondslsaneruaiuilaans 5 ml
Lﬁaﬁﬁmm urine analysis, urine protein to
creatinine ratio

3. WizdeaUsuw 20 &% Tufudiun
a1mudnLiiodswsaa aloumin, creatinine
(enzymatic method) WarANTUTUVD
Windeauas (hematocrit)
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FuUszansandusug Pearson’s correlation
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Bland and Altman plot 5¢#3179AIANAATA
inAnunazsnsdnlUsiurendeftululaany
idowandliiiunnuduiusseninennunaie
\ndeuuasnamlusiutentontululaay

HAN1IANBINFAENT © mAuduRUS

ymgonsaulushiusasasientiululaans
fuvsunalusaulutiaanns 24 $alug Taeld
AUN150A0D85EWINERT1EIUTUTAUR DENS
AsleftuludaansuasUsinalusaulutaaniy
24 $2lus 1ilemAduUsyansanduius
Pearson’s correlation coefficient (r)
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albumin, creatinine (enzymatic method),
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1. Foyafiugutinauedemss 1Hada
Fanssauunlaoteyanaatu 1Waduiuas
Yovay doyasaiiles 1aads (mean) uay
d’mﬁmmummgm (standard deviation)

2. WATIERANMUFUAUSUDINITATIIN
dnsndulusiunensientiuludaaniy 1Wisy
eusuUsinalusiulutlaans 26 $lus Tay
1% Pearson’s correlation coefficient (r) wag
simple linear regression

3. @59AUNNTNADDYTENINONTIE I
MUsAusaastetulutaanisuazUsunalusiu
Tudaanz 24 H2lus Tnouusraevesdnsdu
Wshuserdientululaans Wemdasiudue
Pifluduiusiy

4. Yuavemunatsadoulasld Bland
and Altman plot tag A1 limit of agreement

| 163 Total numbers of potential participants

seninensralulusiunensientuludaans
wasUSunalusaululaans 24 Falus

5. @3saunnTTuwgAIALAIIRLAReLY
Mneasdlusauneasieatulutaas lunsi
FdmnuduiusiBaszuy

HAN3ANYI

1. Foyatiugm

Tunsnwmunugaelsalaiiesdd
Tusilutlaams fansmluuungiheuenvie
JUaelu o lsamenuasssumansiafunssiiesh
AdA 1 5U1AN WA, 2559 FURY 30 WeFRANY
A, 2560 wuilEtaefdhsunside 163 au
(wnuanil 1) Taggfuae 15 aulduiniude
ndanananinside Jundediasfidisa
nsAnwITTAY 148 AY

>

Y

rl

15 Not come to visit

| 148 were enrolled

Y

Y

Exclusion due to

5 AKI

2 Incorrect Protocol
21 No UPCR or 24hrUP
1 Qutlier of UPCR

118 Complete urine examination

Y

Y

Exclusion due to
52 Incomplete or over
collection of 24hrUP

66 were analyzed

WHUAINT 1 wanadnnugieiid1smmsfineuaznsiuungUae (Study Flow)
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Characteristics

Descriptive statistics

Male, n (%)
Age, year
Body weight, kilogram
Comorbidity, n (%)
Diabetes
Hypertension
Dyslipidemia
Cardiovascular disease
Primary kidney disease, n (%)
Diabetes kidney disease
Hypertensive kidney disease
Glomerulonephritis
Others
Systolic blood pressure, mmHg
Diastolic blood pressure: mmHg
ACEI or ARB, n (%)
Estimated GFR, mL/min/1.73 m®
Mean + SD
Median [IQR]
eGFR categories, n (%)
> 90
60 - 89
30 - 59
15-29
<15

42 (63.6)
60.4 £ 15.0
65.1 + 14.9

6 (39.4)
8 (72.7)
9(74.2)
0(15.2)

o~ o~ o~ —~

3(34.9)
8 (27.3)
1(16.7)
14 (21.2)
135.3 + 16.2
80.5 + 11.0
25 (37.9)

58.7 + 30.3
56.8 [35.7,79.4]

9 (13.6)
22(333)
1(31.8)
0(15.2)
4(6.1)
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Characteristics

Descriptive statistics

Urine volume, mL

Urine protein, gram/24 hour
Median [IQR]

Urine protein to creatinine ratio
Median [IQR]

1,959 + 806

0.73[0.19,2.12]

0.81 [0.22,3.70]

ACEl Angiotensin converting enzyme inhibitor ;

ARB Angiotensin Receptor blocker ;

GFR Glomerular filtration rate ; IQR Interquartile range

mm”aaﬂaﬂl’ﬂﬂﬁuawizmﬂiﬁﬁﬂm
(57971 1) ‘W‘Udﬂﬁﬂ’mﬁLﬁﬁwimmiﬁﬂm@uﬁﬂw
e FPURL 63.6 ummaas 60.4 ¥ dudsauy
wmsg 15 U uag fhwiiniads 65.1 Alanu
drudenuunnsgiu 14.9 Alandu {uae
drunnniilsnuszdndndulsannudulaing
Joway 72.7 l3ALUNMIIUSREa 39.4 LAyl
lsavilasevay 15.2 ngudnwidanamilimai s
Falndniadoindu 135.3 dadiunsusen
drudsauunnsgiu 16.2 Teduasusen uag
audulauealndniade 80.5 Nadlunsusen
drudsauunnggiu 11.0 Sadlunsusen
ffthefldenanmusulunguiinase Renin-
Angiotensin system (ACE| or ARB) 598ay 37.9
dofasananguedlsalaEos nuirdianve
innumrusnnidusuduniada $osay 30.9

ﬁaqmmﬁum’;ﬂmL’%@%’qmﬂmméﬁ’ﬂaﬁmqq
Soway 27.3 uazlndniauiosay 16.7 muaInu
naufUaefiAnwddmsvhauveslaade 58.7
dauﬁmwummmu 30.3 Haddnsnaud
RofUTREUTE 1.73 m519ans u‘dimmﬁaanv
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Correlation Plot

r=0.86, p <0.001
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WHUAINT 2 LEAIANNANNUSTENI199ns1dulUsAURRansAseAtululaanewarUsSualushu
Tullaane 24 92lus (Correlation plot between 24-hr urine protein and UPCR)
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Bland and Altman Plot

Difference (UPCR - 24hr UP)
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Tutlaanaz 24 Faluanmnanudusiuglusy
WUUANNNTOA00Y (M157971 2) WuRIENTUS
Tudnwaridudunsafe@uns 24hrup =
0.80*UPCR + 0.17

A5197 2 Regression equation stratified by UPCR

UPCR Regression equation Number of correct/total (%)
Overall 24hrUP = 0.80*UPCR + 0.17 44/66 (66.7)
<2 24hrUP = 0.99*UPCR - 0.01 44/46 (95.7)
2-35 24hrUP = 0.65*UPCR - 0.02 0/3(0)
>3.5 24hrUP = 0.53*UPCR - 2.36 0/17 (0)

*Correct means error range of + 0.5
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