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Correlation between 24-hour urinary protein excretion
and protein/creatinine ratio in the first voided morning urine samples

Shinichi TAMURA*, Tsugiko SHIMIZU, Hidekazu KAWAKATSU, and Shoji TATEISHI***

* Department of Pediatrics, Kyoto City Hospital, ** Tateishi Pediatric Clinic, Kyoto, Japan

To collect 24-hour urine of infants and young children is so difficult that 24-hour urinary protein
excretion (24H-UP) has been estimated from single voided urine samples. We investigated the correlation
between 24H-UP and the protein/creatinine ratio of the first voided morning urine samples (MUP/Cr)
and evaluated the problems associated with this method. Six hundred and thirty-nine specimens, pairs of
morning spot urine and 24-hour collected urine, were collected from 158 patients, aged 3 to 28, who were
being followed at Kyoto City Hospital. The study population was divided into different subgroups by age,
disease category and inpatient or outpatient status and linear regression analysis was performed for every
subgroup. Although MUP/Cr correlated well with 24H-UP, it was necessary to revise the estimation of
24H-UP from MUP/Cr, which is lower in infants and young children because of age-related differences
in creatinine excretion. If the patient’s age is younger, the creatinine excretion rate is lower. The difference
in 24H-UP estimated from MUP/Cr was significant between inpatients and outpatients, with the estimated
value being higher in outpatients than inpatients. The estimated value was also different according to
disease category. We speculated that the difference in estimated 24H-UP was affected by different rate of
creatinine excretion related to age and other factors.

Jpn J Nephrol 2004 ; 46 : 26-34.
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Table 1.

Disease category, number of cases, number of specimens,

and mean age of examined patients

. Number Number of Mean age
Patients .
of cases  specimens (£SD*)
IgA nephritis 78 292 13.7£10.0
Henoch-Shoénlein purpura nephritis 18 105 9.2%3.5
Nephrotic syndrome 16 34 [0.4%5.9
Non-IgA mesangial proliferative glomerulonephritis 10 42 [1.2£3.8
Poststreptococcal acute glomerulonephritis 9 24 [1.5+£3.7
Focal glomerular sclerosis 5 4 [5.1%£3.9
Membranous glomerulonephritis 3 61 4.5%£2.2
Interstitial nephritis 3 I'l 14.6+£3.8
Lupus nephritis 2 217 13.7x1.7
Thin membrane 2 3 16.7%£10.0
Membranoproliferative glomerulonephritis 2 13.3+2.9
Hepatitis B virus nephritis 2 14.0£3.4
Others 8 16 12.6x£3.4
Overall 158 639 [1.7£7.9

* standard deviation
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HARKTO I HERIZEREV2EL C2REL2FEIE
720 24H-UP (B g/m?/day) iX, FEH» 5 FEHE TO 24
RHOFRTEAREZHEL, ZICIREZFEL THRE
HECHRLUTHIEL, £/, BHORHRTEHR, 7V
TF=v(CnHRERHIEL, FHIREA/ 7V F =
(MUP/Cr, Hifii mg/mg« Cr) 251HE L7z, IREHDER
Frusu—)Lry P BRY CriRE BRI L Ol
EL, WMEEd mg/dl TERLU,

Mifcbinbhlx, MUP/Cr=10 25 IcHEEXN 22
%2, MUP/Cr<1.0 T | 24H-UP= (MUP/Cr) X0.78 +
0.04(X @), MUP/Cr=1.0 T ix 24H-UP= (MUP/Cr) X
0571020 @) DREHCTHET 2DONZ Y TH S
ERFLIZO N, SEY 0.1=MUP/Cr<1.0(314 #ifk) &
MUP/Cr=1.0(265 #4K) 12 43 THE L 72, MUP/Cr<
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L7zo #EES, ERNDZLME, RERBR) 25 H
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EFF B WL BE 1%, simple regression analysis, &%t 5
3 — % 7z multiple regression analysis, stepwise regres-
sion analysis, B X O Kruskal-Wallis test, Mann-Whit-
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HICEETHD & LTz,
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Fig. 1. Relation between 24-hour urinary protein [24 H-UP (g/m?/day)] and

protein/creatinine ratio of the first voided morning urine samples [MUP/Cr

(mg/mg + Cr)] when the study population was subdivided into four groups at 5-
year intervals, ~5, 6~10, 11~15 and 16~years old (y.o.).

(A) : 0. =MUP/Cr< 1.0, (B) : MUP/Crz=

1.0

The scale of the x axis in graph B was changed to x=5.0. Below the graphs, equations of
regression lines [Y : 24 H-UP, x : MUP/Cr], coefficients of determination [R*] and num-

ber of specimens [n] are shown.
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Fig. 2.

Relation between 24-hour urinary protein [24 H-UP (g/m?/day)] and

protein/creatinine ratio of the first voided morning urine samples [MUP/Cr

(mg/mg « Cr)] when the study population was subdivided into five groups by

disease category, Henoch-Shonlein purpura nephritis (HSPN), IgA nephritis

(IgAN), membranous glomerulonephritis (MN), nephrotic syndrome (NS) and

Non-IgA mesangial proliferative glomerulonephritis (Non-IgAN).

(A) : 0. =MUP/Cr< 1.0, (B) : MUP/Cr=1.0
The scale of the x axis in graph B was changed to x=5.0. Below the graphs, equations of
regression lines [Y : 24 H-UP, x : MUP/Cr], coefficients of determination [R?] and

number of specimens [n] are shown.

(HSPN 10.9+3.7 %, IgAN 13.8+4.6% MN 4.7+3.0
W%, NS 9.4+627%, Non-IgAN 10.0+4.03%), MUP/
Cr=1.0 Tl 9.0+4.5 5% (HSPN 8.0+2.7 %, IgAN 114+
427%, MN 42+103%, NS 10.5+5.77%, Non-IgAN
12.0+3.1 ) & MN O4ERBEE KL - 72 (p<0.001),
4) ABt - SkBE R O (Fig. 3A, B) TlX, Zh¥h
OEFRIE, 0.1=MUP/Cr<1.0 OEETIZAR - AReEE
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EEIFREZTO057 &, ABEEED 042 LK E L
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39, ABEEFH 123+51 % T, MUP/Cr=1.0 Tz Zh
ZFRILSEITRE, 94+45F VT h O RBRE CHE
IZE 5 72 (p<0.05),

5) 2~4) DFER M, 5, MUP/Cr=1.0 DEETIE, WTh
by 77— 7HOEIRROIEE N R L2 Z LIcEFHL,
F I —ZRHEFRL CEFROME X T FHY s —%2HA
L, ERSH 217572, 24H-UP @ FHIE % H WK
Y, MUP/Cr 2 5iBAZH x, & 77 N—7 2L DR
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Fig.3. Relation between 24-hour urinary protein [24 H-UP (g/m?/day)] and
protein/creatinine ratio of the first voided morning urine samples [MUP/Cr

(mg/mg + Cr)] when the study population was subdivided into outpatient and
inpatient groups.
(A) : 0. =MUP/Cr< 1.0, (B) : MUP/Cr=1.0
The scale of the x axis in graph B was changed to x=5.0. Below the graphs, equations of
regression lines [Y : 24 H-UP, x : MUP/Cr], coefficients of determination [R?] and

number of specimens [n] are shown.

TEREN, YT IN—FTLIHE 2B BT 5 2 L AJRE
£ 5 (a, B, yrlXEE, D, D, Dy i3V 77—
TR0 e AR, EBARICIEERRES T
Thdld, BEHEMEC L 2EHRREZITO> 2T
24H-UP OHEEMEICK E S &R 52 T 3RFOERN %
fTo7zo Table 212, HH L 72 E/E HERX & R2HE 5
S—RED plEZERL Tz,

R TIE 10~15 2 HEUE s, SERDLT, 6~1074%, 16
B ED 3 DDV 7 7N — TGS 2 — 24Tk iz,
10/ LT O 2 ORI S 3 =23 # IR S 1 (p<0.001), 4
MR WIE E YRR OME E /NS oz, 16 A ED
BB —IZBEIR S Mo 72 (p=0.62), EJRRIZ R=
0.75(R=0.87)C, 24H-UP O#fEff & EFME DO 1L B
IFTd - 72 (Table 2A),

PN, EFIEODR L %0 - 7z IgAN ZEHE Mo
4 BRI S — %Y Tidwiz & 25, HSPN(p=0.22)
Lok o 3 B (MN, Non-IgAN, NS)DfE# 5 3 —»3 3
RSN (p<0.001), FHFHEH i b 1K > 7z MN TEIJF
HXOMEE HNHEH /NS L, IgAN & HSPN, Non-IgAN,
NS DIHIZK & < %8> 7z, =1L R*=0.68(R=0.82) T,
24H-UP OHEENME & EHEOMHBE I £ T T REFTH - 72
(Table 2B),

ABE - SREBERCIIABERE R EE L L, JRBE
FESY S — 2B TROIE D, SRBETRARES
L TEUFRDIEE B K E < o572 (p<0.01), EFIE
R2=0.62(R=0.79) & 24H-UP DOHEE(E & S=RIEOHE I,
¥ 3 $RIFTH - 7z (Table 2C),
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Table 2.
of regression lines from multiple regression analy-

Equations and coefficients of determination

sis with dummy variables of coefficients

(A) Y=(0.63—0.39D_5—0.20 Dg-y0)x+0.45

R?2=0.75
Coefficient dummy
Age Slopel D_s Ds~10 Dy~
(p<0.001) (p<o0.00l) (p=0.62)
~5 0.24 | 0 0
6~10 0.43 0 | 0
[1~15 0.63 0 0 0
16~ 0.63 0 0 |

(B) Y=(0.44—0.23 Dyyx +0.14 Dyon_1gax +0.21 Dys)x+0.46

R*=0.68
: Coefficient dummy
Disease S[Ope é DHSPN DMN DNS DNon—IgAN
1 (p=0.22) (p<0.001) (p<0.001) (p=0.03)
IgAN 0.44 0 0 0 0
HSPN  0.44 [ 0 0 0
MN 0.21 0 [ 0 0
NS 0.65: 0 0 I 0
Non-IgAN  0.57 | 0 0 0 I

©  Y=(0.41+0.19 Douepation) X+ 0.5

R*=0.62

Coefficient dummy

Slope
; Doutpatient (p<o0.01)

_________________________________________________________

Inpatient 0.41 | 0
Outpatient 0.60§ |

For the population whose protein/creatinine ratio of the first
voided morning urine samples [MUP/Cr(mg/mg « Cr)] was
over |.0, dummy variables for coefficients [D] were applied
to the subdivided groups, according to age(A), disease cate-
gories (B), and outpatient or inpatient status(C). The relation
between 24-hour urinary protein [24 H-UP(g/m?/day)] and

MUP/Cr are analyzed by multiple regression analysis with

stepwise selection. In the analysis, selected variables were only

those that were statistically significant(p<0.05). Equations of
multiple regression [Y : 24 H-UP, x : MUP/Cr] are shown.

Slopes were showed according to each group.

(A) : The population was subdivided into four different age
groups at 5-year intervals. For each group, dummy
variables [D,g.] were applied for coefficients based on
the 10~ 5-year-old group. However D,z was not sig-
nificant(p=0.62), D_5, and D4, were significant sta-
tistically (p<0.005).

(B) : The population was subdivided into five groups by dis-

ease category. For each group, dummy variables

[Dpisease catesory ] Were applied for coefficients based on

IgA nephritis. However Dyspy Was not significant(p=

0.22), Dy, Dys and Dyon_1ga Were significant statisti-

cally(p<0.005).

il 3 44 31

z =

FREEH O FE &I 24H-UP 2 HI5E 3 2 HEN—BRITH
208, HREBETCIERINETHY, ARy PREAW
72IZ5 B X VYR ERNIBoND EFZoNDEY, R
Cr #Elitt = I BB T OB E L2211 <, REREREEE
(GFR)R—E TH 1T Cr i3 1T IF—ERHHEM S 537
7o, IRIPAFEM S N2 B OERIE Cr TR % /N
—fTH %, REHERD FKT, FHRPHERKRTO
UP/Cr & 24H-UP ORfRIZBI 3 2 S8R S 1 55719,
Lo L, 24 Cr¥ftES—ETH-> Th, KRBEREEE
ORI LY CrieftRIcHNEE N H 2 2 &, BikEE
ETHICRREME»S Cr OB ASNDL I b, %
R B OREME, EEEOEWICLY Crfkft $y —
=P, UP/CraMEffis 2 alREMED H 277, F 7z,
FRef Cr PR E IR OB OB ERZ T 5 2 L b g s
NTEY 2, N L 0RO 5% 5/NERBER T,
FHyd UP/Cricig B2 52 2A[eEL DL EFH 2 61
3, bbWMBLURICRLERERO, @)9 2HnWT,
SEIOKRIICINZ 72 240 A TR 28 L7z 25, &
@ IcBIL TIRRTE ORAE, B X OSEREIL 2 BRED
FThb 0.62, 056 LIEETH -7z, FhLEBDENEHR
Ld, BWHRERAONLPoT, £, @RiEEH
WCHTZICEH L2 ERER (Y =0.72x+0.07) T R?*=0.41
(R=0.63) L Z V{EMETH Y, MUP/Cr<1.0 DHIFH T
OHER I IZEE R HBLE EE Z Shiz, —F, MUP/
Cr=1.0 &I, BIML 72k TR @ % v T 24H-
UP ZHEHI L 72356, R MET L7z, BIEIRGS L 7o itk &
EINU 7o kAR, R X AR - SREBE O#E W
BhHolzZ s, ZhsDRTH 24H-UP & MUP/Cr
ORI E R RITTAREMS H 2 L H 2 720 22T, 4
BOREDRBNOE, BLUAR - kBETOERE
DWTHETL7zE 25, Wb 7V —7HicE A DE
DENH STz (Fig 1B, 2B, 3B) Z L 1EFH Lz,

: The population was subdivided into two groups of out-
patient and inpatient. A dummy variables [Doutpatient]
was applied for coefficients based on the inpatient group
and was significant statistically (p<0.005).

* Definition of abbreviations : HSPN=Henoch-Shénlein pur-
pura nephritis ; MN=membranous
glomerulonephritis ; NS=nephrotic syndrome ; Non-
IgAN =Non-IgA mesangial proliferative glomerulonephritis.

nephritis ; IgAN=IgA
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FpH ORI T, SEUTO3IDDH 7 7 v—77T
EFwIE 2 2 1 EERROEE /NS>, Ll
LH~1S5% &, L6ELA DY 7 7)v— 7R Tk alRE= o E
X ZEMN L o Tz (Table 2A), fRE05 2 —% H w7z 67
R TIER*=075T, FE@WHCHT24DDY 77 NV—7,
FhznoElE=xo R (Fig. 1B) & iz L T & # o £
TRT, FRANCH T T2 Z L I3EATH 2 LD
iz, BFERIZ EEIRRNOEE /NS, T4bb, F—
D MUP/CrETH->TH, FlsMET i3 24H-UP O
EEE T HEET 2HLEND S 2 Licid, CriitEseE
e IcBn s 2 LS L TWAATREEL H 2 LHEHIL
7o R CrHEt R INEICELA SN B o, FihL
DTN K & < & 2/NERIHE T, s UP/Cr

B G2 BFREENEE TSR EHFZ 5N 5, Gin-

sberg 52 |3 24H-UP % FiBAZ %, UP/Cr 2 HRYZ# &
L, 24 KR Cr HE &7 W #E OBk 2 Bar U 72 fis5R,
CrietEN L VIZE, EUREMROES NNSRb L
EFRLTW5S, bivbiid 24H-UP 2 HWZE %, UP/Cr
RUBAZRE Uizl ®, FBlEwIixs, 34hbb Crk
MWEZVIZ EEYREROEENRELS RE I RRLTE
3, 20X Ginsberg 5 DFHEICFE L RWFERTH -7z,
HIEIOMES T, FHR CriRELE T T, EUFXOMHE S
MRKEL D Z L BRLELY, MUP/Cr=1.0 TIX 5%
T, 6~107%, 11~155%, 163 EOREAR Cr g%
N2 764+392, 93.0+46.5 145.1+81.8, 187.6+100.3
(BT mg/dl) & EfpHEIZIZIRT CriBEREL Bo Tz
GEUTE~ROBMICBEBERZ R R ol B (p=
026), iOMHAEDLETRIEEEZIRED &5 7z(p<
0.05)), 24 ¢ Cr HEifit & & R Cr 21 & o B o Mt
EEEAT 2 5o 728, 24 K Cr PRt S350+ 2 2 &
T, BERCrEE LML, MUP/Cr & 24H-UP OB
RICHEER G5 Z TOLAREED T EIXTE RV, /2, &K
AGEIL Tz, R Cr et &3 i & AR 2 A 0HEE
ZRLY, e & bz Cr Rt 3 229, R 65
Ll LT UP/Cr 2 & 24H-UP ZHHl 3 2 88121%, BIF
PRLETHL EWMESNTWBEY, S ~155% & 16 5%
DY 7 70— 7Tl OME & IC 2203 0 v Ll L
7o, 16 EORBE NP, BREERAONE
oAb H 5 b OO, B REMERILERIC L A%
MOEDNE W ENEBRL TV AR H 5 L HEH &
nize
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