WFSEEE =
JEARIMIZ LB 7 LT F = HIEDEFEME DR
NERIM A AWESAERD I LT F=v A7 U —= v THRERZE] OFEFEE
WroR R EERE

b H/NRREERGE 7 —BEF

EA iR

PR YRR 25 42 8 A 26 HERK
2R - YR 25 45 10 B 5 BAERK

— 123 —



E:I: :HﬁE.
%f%%ﬁ%"r%(congenital abnormality of kidney and urinary tract:PL FCAKUT) IZ
EHEYRD0. SRR b, DNEEBHEEAREDOFR E LTRHZ, ﬁﬂmmm@iﬁ%&
R % BT 57— 72 <, CAKUTDZE RT3 0 IZ< W\, CAKUTD FIZ X IEHEN
f%ﬁwﬁ%%gwﬁ\i%ﬁ%#é:kﬁémﬁ%%%%%mmﬁﬁﬂ%&%é@\%
ITHIR B OBRN TX D LR D I — A HEET 5, CAKUTZ RIICRRATE S Z &%
FRTHHLEEZ S,
CAKUTZ W B < B R T 2 ICIXEBR WL FFICBEERE) OBANEBEE L VA, Zh
IEHETTHE OB OMBESH BN EHER IR ST L 2B 2 5 EBEMN TR,
ZIT, BARFEROIEZ V7T F=2RIE L, TOEEFEL S LICCAKUTOFE R AT
ERVPRET AL L L, FIAERBIZHETR ) —RENTTICHITSNATWS DT,
COWMBEEZFIH LREEITO> L & Lz, BIEHAERD AR ) —= 0 3R
AV —IERTON TR, ZoT AR RAEOHERIVE ODRERBERI ) —= 7 TE
L, BIESA 0y NRZT A BTN TS, ZOF T AREEHCNIEZ LT
F=UORELFRRETH D,
FERIIHEROMELR L, TaxF 75000k EOBEIZ L 5BLERILOKTIZ
X0, RPERFAFTIvZIZEEBL, MiFE7 VLT F= i RELSENTD, ZOENOHAE
RoMmEZ V7 F=rOEFEEICEL L, SEEEEE R LORRY, SEIZO7
TF= U DEEEEZER L, ZhhbERICRNT 2 bDICHEEZR > T, BEZITY Z
& TCKOD BRI ORITFTEVEBE 2L, Zbic kY, FERHOEL THBEEDE
BREEFORERER T en &L, NEEBEERF (CKD) #RBHICRR T,
BHBEEICL Y BARO/PNECKDRERICEILTHZ N TEDHLEZDND,

0. BFgeo B

WEFDmMES VT F = PIEE LIRS L2 27 VT Fo U BIEHEDT —Z BB L,
F43REE CHREND D Z L EHERTHIONENTH D,

M BN DD Z EBHERTEIUE, FIAERARI ) —= v T OBEORKL %
ANTHBLNEZ VT F=ER S LT, FHAERBO CAKUT 2% AT 5 Z LizokR
HiEZLND,

. #FEDTiE
KFEE OFMEFIC0. ImLIBNERI L, # T AR LRBEOFETZ LT F= 2 L,
LCMS/MSTERT 5, . Mol &k, KE, iF7 L7 F=VE, ~<r7 Vv b
ZREKEICEE S 5, B, Filh, REMOTEHI00RGELZERL, WIE7 L7 F=fEE
B V7 F=AEORB 2Rl 5,

— 124 —



IV. HFEEOXEE
HOB/NRRRERRBE Y 72 —BIBEHI AR L2 R, FEi, MR, EEBIIR
P,

V. BrESIGEER
HWH/NRRBERBE Y F—

VI. FEHME OB ZEFIEK
TREFRHIR  20134E 10 H 1 H~2014 4 12 A 31 H
B AZREFIEL : 100 41

VI. 75 AN —REICBET HELE

1. BEORE  HYEMIMERIBIZEN DL, BEICTRENFIZOVWTIEER
LHmIC@B L2k, FRSINC OV TARANEIIREZEN L XEICLIVREERES,
W, FEBRSOEA R E2EREEOCHEOMIZTEAT S,

1) HEOBHBLUFHE

2) BENFE~OSMIFEELEZEE CHLER W EHECESZ L

3) BEPFE~OSBMIEE LRVEESTH> THRARITZ T RN L

4) MREDFRROGHREESFZITEREEZES (IRB) THE - ARINL T3
et

5) FOMAESCEANEROREICE LNELREE

2. BEOENEH - BERE

HROERZBNTIRERL EMAEFAESICLVELLLL, BEEAEROME
BB OWTHRRELEEIT ),

VI BFEEHR

HWH/NERBERKRE L F—
MAREEM bV b/hEREERKE L 7Bl B 5

— 125 —






e R DTATICEE T 5 —F&&

5 B8
EE KA WA MVAE 2 i) F E 4 Hit4 | Rt | ARG | ~—
WmiEE 4
K H AR fmETE |/NEOCKD/AKIR | U &6 | (2014 | 2
KEFES |B~==T7 -| it
BT - B E T
EBHE, |NROBE, SIK [JLOF R |IRFSSRLE - | 2200 (R (2014 |47
CREET IS, AR EIYE AFH7B—X |2
DL Ty
A e =] o S H:(, Flﬁ

RHERE R4 M HA V4 R4 BE 0 S P
Yata N, Uemura O, Reference ranges for serum Clin Exp Nephrol. |17 872-876 2013
Honda M, Matsuyama T, |cystatin C measurements in
Ishikura K, Hataya H, Japanese children by using 4
Nagai T, Ikezumi Y, automated assays.
Fujita N, Ito S, Iijima K,
Saito M, Keneko T,
Kitagawa T.
Ikezumi Y, Honda M, Establishment of a normal Clin Exp Nephrol. |17 99-105 2013
Matsuyama T, Ishikura K, |reference value for serum beta2
Hataya H, Yata N, Nagai |microglobulin in Japanese
T, Fujita N, Ito S, lijima  |children : reevaluation of its
K, Kaneko T, Uemura O |clinical usefulness.
Uemura O, Nagai T, Creatinine-based equation to Clin Exp Nephrol Epub ahead {2013
Ishikura K, Ito S, estimate the glomerular of print
Hataya H, Gotoh Y, filtration rate in Japanese
Fujita N, Akioka Y, children and adolescents with
Kaneko T, Honda M chronic kidney disease.
Ishikura K, Uemura O, Pre-dialysis chronic kidney Nephrol Dial 28 2345-2355 12013
Ito S, Wada N, Hattori M, |disease in children : results of a | Transplant
Ohashi Y, Hamasaki Y, nationwide survey in Japan
Tanaka R, Nakanishi K,
Kaneko T, Honda M

— 127 —




Takenouchi T, Nishina S, |Concurrent deletion of BMP4 |Eur J Med Genet 56(1) 50-53 2013
Kosaki R, Torii C, and OTX2 genes, two master
Furukawa R, Takahashi T, | genes in ophthalmogenesis.
Kosaki K. '
Yokoi T, Toriyama N, Development of a premacular | JAMA Ophthalmol |131(8) [1095-1096 2013
Yamane T, Nakayama Y, |vitreous pocket.
Nishina S, Azuma N.
Nakayama Y, Yokoi T, Electroretinography and J AAPOS 17(4) |411-413 2013
Nishina S, Okuyama M, |spectral-domain optical
Azuma N. coherence tomography
detection of retinal damage in
shaken baby syndrome.
Morimoto N, Ogiwara H, |Gorham-Stout syndrome Int J Pediatr 77(9) 1596-1600 2013
Miyazaki O, Kitamura M, |affecting the temporal bone Otorhinolaryngol
Nishina S, Nakazawa A, |with cerebrospinal fluid
Maekawa T, Morota N. leakage.
Azuma N, Ito M, Yokoi T, | Vitreous outcomes after early |JAMA Ophthalmol |131(10) |1309-1313 [201 3
Nakayama Y, Nishina S. | vitreous surgery for aggressive
posterior retinopathy of
prematurity.
i 127 /NECKDRE DOBITER H/NRBE R E£EEE |33 5-8 2013
s FERER [k R2013) FERARIR | /NRBHERIR 66(4) |797-804  |2013
VAT LBERZAT T F
AR OBENN D
AT, BRI F NERGEHICKDEREOKRY | B/NEBREREE (33 82 2013
A, MEEL, B |ERE~OETOMHA A |
Mok, KiEHERE, B |JFCKDEEZWHRE LA
W, HPRTE, |ERRVAT AORSLLE
REETE—, AH R TR OMMADT D DOFE
IR DRE R
WIGHT, RGO | ARNEREDBEERS | BEBERERE (33 92

BEF—, FOEEEL, AR
oS, KiEwErE, A
BT, AHERE, H
HrE TRR, RS

BEICBITAMEDERE
QO1EEREDORER)

2013

— 128 —




ARERTTH, e A
. ETRE, kI,
EHEA, LRk
PR, EHEEE, K
HEz, %ESx, 2
FE—, TREET,
FEEH—, EAE, &
& ARES, HEITHE,
AER, R,
FHZAE, K81,
B, ST,
v E, A< AR

S oy O #

20065E~201 14ERE TOH]
R BRI R A L72205%
i D/NRRE RS BE
DERERERE

husl
T
pic
s

26(2)

154-164

2013

R, HluBEx,
ZARER], WNiEE,
s, MEFERE, BAFT
B, KA, 5HE
EREEMR, =fHA, K
MHEfLF, BEE F
M, AZME

3DLAABRE DRI T 5
KEERE : ZHuskIEFRIIZE.

HAIRF 2 MRS

117(12)

971-982

2013

(WeEE

/NRRRFTFHT & R

IRFHFIN

26(4)

521

2013

—RET

/NIRIREL D Bl DEERE.

HARB A2 MRS

117(5)

415-417

2013

HERE, CRET

BEEOn—¥Y Va7,

Bl b LWIRE

30(4)

431-435

2013

EIFE R, milE, 8
HE, CFF, HiE
17, EAR

IR O/NRIZAE T
TeAKIEHHRIEE 7 A Vv AT
£ D ERIEMEHERE A D — .

IRFHEE AR

6(7)

585-588

2013

IRk, /IIET,
K AR, {—REF,
(L EFn

R EIPEPR R L R R
SRR A B L7ZRAD 1 6.

IRBHER R A

6(12)

979-982

2013

— 129 —







Clin Fxp Nephrol
DOT 65 1007 101 1-0783-x

Reference ranges for serum cystatin C measurements in Japanese
children by using 4 automated assays
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Absteact
Cibjective  The dws available on reference ranges for
cystatin € in children are Hmited, and there are discrep-
ancies among the available dua. The alm of this study was
o describe the referenoe ranges for oystanin O dn Japaness
children by using 4 sutomated assays.
Metheds  Serurn oystatin € leveds wore measured i 1128
Japanese children gged 3 month o 16 vears withow kidney
disense. We caloulated age-, pender-, moe- wnd assay-
spectfic cysmtin O ranges.
Resulty For all 4 assays, the moedian sorum oystatin €
levels were waised i form infans x:fampam{i with older
children and decreased by the first 2 years. The medinn
serum cystatin O lovels romainesd constant throughout up o
the ape of 14 vesrs and decreased in children aged
15-16 years. The median serum cystatin C levels in b
dren aged (2416 vears were ‘&ii%ﬁ(é’a’ higher bn males than
in femmades, Assay-spectfic differences were also observed
in the levels of servm oystatin U measured,
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Tokyo Health Service Assochation, Tokyo, Japan

Pablished onliseg 28 Febrpay 2013

Conclusion  Age-, pender-, race~ and assay-specific ran-
ges for sevum oystatin O should be used s another ool w0
assess kidney function s children,

Reywords Oveatin O - Reference ranges - Childres -

Suedwrdizating

Intrentuoting

Serum crestinioe i the most widely used marker 1o predict
glomernlar fliration vate, However, serum creatinine con-
cemtrations are ool dotermined only by glomernalar flinstion
{1 as oreatinine production is propartional to muscle mass
21 In children, mouscle muass oreases significantly with
fincar growth, To reflect the renal function. serum creati-
sine concentrations should be adiusted for body helght and
body size. In childhood, therefore, sorum oreatinine levels
are dependent on age and mmsele masy 361

Cystanin €, 3 13 ki son-glycosylaind low molecalar
weight protein [71 is 2 proteinase inhibitor involved in the
intracediuke catabolizm of proteins (%1 Undike creatinine,
eystatin € fs produced in all investigared nuclested cells st
a constant rate, freely fltered In the renal glomered, and
almost completely reabsorbed and catalyvzed in the renal
proxioml tohular cells 19, HIL

n the existing Wersture, the proposed ranges for serum
cvstatin © In podintic populations e Bongistent, with
several small, single-institution, hospial, or ofinic-based
studies 11, 121, In additon, the reported oystatin € ranges
are affpoted by ase of difforost owstatin € assays [13L
Furthermore, some previvws sindios suggested tad cystatin
C levels were independent of gender, age and body com
position {14, 13], whereas others showed differences in
serum cystaiin O levels according to gonder, age amd wice

@ Springer

—131—



Thn Bxp Nephyol

1i6h The aim of this stady was to esiablish reference
ranges for cystatin C levels in Japanese children by using 4
different assays,

Subjects snd methods

Serum cystatin C levels were studied in 1128 children (503
boys and 625 girls) aged between 3 months and 16 years

visiting the outpatient pedianic clinic, or hospitalized at

Alchi Children’s Health and Muedical Center, Tokyo
Metropolitan Children's Medical Cemter, Yobohama Ciy
University Medical Center, Niigata University, Seirci
Hamamatsu Genersd Hospital, Fussa Hospital, or Tokye
Health Service Association between 28 and 2009 with-
out chinical evidence of kidney discases, urogenital dis-
eases, infectious diseases, nflammatory discases, muscalar
diseases, malignant diseases, cardipvascular diseases, liver
oy panceess diseases, snounaly syndrome, bypertension,
dehypdeation, or pregnancy, Nong of the subjects had
hyperthyroidism or hypothyroidism. The children’s parents
provided written informed consent according o the Dec-
fartion of Helsiokl, and ethics spprovad was obtained from
the institutional review bourd, ;

Seram cystatin C was angdyzed at SRL Ine {Tokyo,
Japan) by using 4 different cystatin C assays—Nescaute
GO ocystutin O {Alfresa Pharma Corporation, Osaks,
Japun), LZ TEST ‘BIKEN cystatin O {Eiken Chemical
Tokyo, Japan), and Tarre Cys-C (Mitsubishi Chemical Me-
dience, Tokyo, fapan) on the BioMajesty JCA-BMBO20, and
the N Latex Cystatin € assay (Stemens Healthoare Diag-
nostics Inc.. Tokyo, Japan) on the Behring Nephelometer I
{BMNIL Siemens Healtheare Diagnostics Inc., Tokyo, Japani.
All assays were prograsuned and calibrated according to the
munfactarer’s instruciions.

The central B3 % reference ranges were ealoulated using
the nonparametric method, and the Mann-Whitney U test
was used for the analysis, All p values were based on two-
sided testing and a significance leved of (.08 was used fur
the analysis.

Hosults

Subject churacteristics are shown in Tuble 1. The subjecty’
median  height  amd  weight were 1176 om {range
S7.0-184.5), and 21.7 kg (mage 381008 kgy respec-
tively. The median body muess index {BMI) of the subjects
was 164 {range 12.2.32.8) and 2 (0.2 %) of 1128 subjecs
had a BMi of »30.

The serwm concenteations of oystatin € were highest
after bink followed by a decrease over the following
months in each sssay, when normal adult ranges of cystatin

£ Bpringer

Table 1 Patient characterissics

Charavieristic Age Median (larerguartile
{years: xangel
Helght {omd 31 4.0 (BR-BILE)
23 H6.2 (93010683
f-11 124.2 (117.0-136.%
§2-34
Male 162 (184.7-105.48
Fernde 1350 (151815948
15.1h
Mude R (1431728
Fearade 1592 (1857182 %
Weight (k) O 90 {8.0-10.4
2R PR ER3-17T
fe} § IR 203200
1214
Male 495 (42,1379
Fersale 460 (434-52.1)
{516
Male $6.6 (52.1-61.8)
Femuale 507 (47.3-85.%)
Beuty nass Dedex dkefm® -1 A (186170
23 1505 (14.8-164)
611 16.0 {14.5-17.5}
12-14
Malz WO 721N
Female 98 (1R0-21.5)
[5-16
Male 9.7 £18.5-21.8)
Fomale TR0
Sertsm crogthsng -1 G2 #119-0.3%
tmghil) 25 0,29 {0.25-0.33)
fi11 .39 10.33-0.44)
1214
Male 1139 {L54-0.66}
Fetoale .85 ({1.49-0.60}
1516
s #3171 06081
Fusnale .98 101.54-0.64)

C were reached (Fig, 1), After the first 2 vears of life, the
median serum oystatin C became constt and slighily
decreased in children aged 15-16 years. The median serum
eystatin C level in children aged 2-11 years was similar in
males and ferales {p > 005 8l assays) However, the
median  seram oystatin O level in children aged
12-16 years was significantly higher in mudes than in
fomnales {p < 0.0001; all ussays) (Fig. 2).

The distribution of seram cystatin C for children by age,
gender and assay is shown in Table 2. The reference ranges
in children aged 2-11 years were Alfresa, 1.59-1.81 mg/l.;




i Bxp Nepheol

Fig. 1 Serum cystatin Cin

o 8 v5.,
children sged 3 monthy w o |
16 yowrs. The box plet estends géz by 7 v
from the 25th perventile to the E o4l b g_{;‘ Loy 1 . 01 ¢+ 70T T ‘;{3 T
TSth percentife, with the o F %} @ = gi;g $ %& 53 % E%a gk B oo }:
haorizomal Hee st the median g . L T T B = 7
and the whiskers show the. = 1 :
central 95 % of the data for
Alfresa 1), Eiken th), & N . : : - -
Mirsubishd fel awd Sewmens B8 &1 IMITIBER Oy Y &y By $iy 9y tdy iy
% ted) me oM me e
bs,
kg e
= é B E . T T T
feoe v H I i H
o8 i ¢ '§ T ; o 5 e
E I % E g FL B = £ g {E@ :
= i F A S T S S A v @
© H :
§ \5}5:" é de
uf
IE B8 ETIREE By 4y &y ey iy 12y tay oy
me Mo wme Mo
£ 15 4
si&) 4
€ 1L I %
foes et {iﬁ 4 . ¥ H § d
e r 1 T T ¥ 3 : 1
: |TPB3&dbaddddlidddgaf]
2 T R 8 gy & FEE L % H g
g o5
2
b4
5 BT RTRER 3y 4y Ky By iy Yy Y&y 16y
SE B IR0 G
o 15
-
‘% T w
i . k3 + ¥ ¥ e
a TFabialidsd -
AR ELEE-EEELREEE PEYg
L5 S - 2
g T
w
Bh G IBITINNE S &y dy 8y i iy 14y 16y
mn o ome s .
Ags

Eiken, G.61-1.04 mg/l; Misubishi, 0530083 mg/L; and
Siemens, 0.52-0.88 mg/L. Overall, the serum cystatin €
levels meassured using the Alfress and Eiken assavs were
sigaificantly higher than those measured using the Mitse-
bishi and Slemens assays {p <« §.0001),

Discussion

Serum cystatin € concentrarions were measured in children
by using 4 different automated axsays and calculuted assay-
specific cystatin C mnges in thix study. The highest serum
cystatin € concentration measured by all 4 assays was
found wfter birth, followed by o rapid decrease over the
following months, consistent with previpusly published

date [17, 18], Cataldi et al. [19] reported thie serum cysi-
atin € dos not cross the pheomal bamier; therefore, the
high values of serum cystatin C after birth probably reflect
the degree of mamration of the glomerular Blation
CAPACHY.

The convemrations of serum cystatin € were constant in
children »2 years, and the sonparametric reference ranges
of the Allresa and Eiken assays were higher than that
obtained by the Misubisis and Stemons sssays. The dif
ference bad been oxplained by the dilforences in the
methods for measarement of a particie-sobanced nepheko-
metric fmmunoassay in contrast to g particle-sshanced
wurbidimeric tununoassay [20] However, since the Eiken
assuy and the Mitsubishi assay are both  particle-
enbanced twbidimetric inununoassays, the difference of
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Table 2 The conrral 93 % reforonce ranges and median of sevum oystatin © {mgfL) measured by the 4 assays i children
Age # Alfresa Eakew Bagsubishi Siememns

S08% WIGE 3%

LE% AW WISW 25% 4% WA

3.8 months g gw f40 1.3 a8z L
611 months 47 938 £452 1,30 0478 12
1217 wonths 3ouI 0 119 4% 087
1823 wonths 3® 8% oy Lok 377 Ry
-1 years W apd 4w 5y 367 083
§ 2314 yedrs 194 265 081 147 uh7 083

Male 05 49 B3 876 09

Femule §32 EECX 078 395 ie6 081
1516 yoars 99 7 Q86 g48 D

Male 47 G.7% 008 155 078

Femate 52 8,65 081 G645 067
Aduls

Male H63-0.95

Female 8.56-0.87

591 13

P.3n 078 G50 I 476 a% £
.34 5% 082 107 163 (185 144
135 .41 (.79 103 064 0.8t o1
1418 #13 4m 087 a8 478 .54
142 G453 4apY 43 336 049 £3.55
1.08 052 087 .58 057 7 492
117 .36 874 597 043 A 1.08
10 31 364 £ 453 0By (186
.95 LER 1 I 4 L 141 dah 4,83
LoQ 342 161 182 46 065 63.86
185 834 133 G473 833 0536 .80
(R RY {1L53-43.95

the reference runges for cystatin € was not explained by the
use of the different methodologies.

This study showed that oystatin € deorcased it children
aged 153-16 vears, and serum cystatin O in children aged
1216 years was higher in mades than iy feormatles, wnd sup-
ported the result of a previous stady conducted in US ado-
fesoents [21] I adddition, assay-specific differences i serum
cystatin C levels in childron wore also phserved i this study.
There are concerns raised with regard 10 measuring serum

@ Bpringer

cystatin € levels, as axsay-specific differences were observed
i levels of serimn oyswtin C measured.

The: Institate for Reforence Muterials amd Measurements
{IRMM  snnounved the availabiliey of the new certificated
reference material ERM-DAGTIAFCC [22]. The standard-
wzed measurement of serum vysiatin C using ERM-DA4TY
FCC ix now being developed.

I conclusion, cur study provided age-, gender- and
assay-specific ranges of cystatin € for Japanese children.
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Age-, peader-, race- and wssavespecific rages for senmm
cystatin O shopld be weed a8 another wol to assews Kidmey
function in childeen, The sandardized measurement of
serurn oystatin © witl be o reliable murker for the recog-
mition of sboovmal ronsd fonction compared o serum
creatinine.
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Abstract

Objective  Serum 2 microglobulin (f2MG) is considered
to be a marker of renal function, which is independently
associated with age. However, only a few studies have
reported the reference values for f2MG in children thus
far, particularly in young children. In this study, we eval-
uated the distribution of serum S2MG values in healthy
Japanese children and assessed its clinical usefulness.
Method The normal reference value of serum f2MG was
assessed in serum samples from 1131 normal Japanese
children (504 boys and 627 girls; age 0-17 years). To test
the validity of the reference value, serum samples from
children with various kidney diseases were also examined
retrospectively.

Resuits The mean values for f2MG were significantly
negatively correlated with age (r = —0.47, P < 0.001). No
significant difference was observed between the values of
boys and girls in any age group. The established f2MG
reference range covered 99.7 % of patients with decreased
kidney function below 75 % based on their serum creati-
nine (Cr) value and body length.

Conclusion The newly established f2MG reference value
in children can be used to detect kidney impairment in
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children. Serum $2MG in combination with serum Cr used
as markers for predicting glomerular function can provide
an accurate detection of kidney dysfunction in children.

Keywords f2 microglobulin - Body mass - Children -
Chronic kidney disease - Kidney function - Reference value

Introduction

The worldwide increase in the number of patients with
chronic kidney disease (CKD) is being recognized as a
global public health problem. CKD is not only a cause of
end-stage renal disease (ESRD) during childhood but
also a key cause of CKD and ESRD in adults. Therefore,
the early detection of impaired glomerular function in
children, facilitated by routine examinations of kidney
function, is essential to inhibit the progression of CKD
and reduce the incidence of ESRD. However, this
assessment is limited by the lack of markers for impaired
kidney function in children. In addition, there are few
studies that have established race-based reference values
for children.

A multicenter study was recently conducted to establish
normal reference values for serum creatinine (Cr), beta 2
microglobulin (f2MG), and cystatin C levels in Japanese
children, and a normal serum Cr reference value was
established for Japanese children by using an enzymatic
detection method [1]. There is a significant correlation
between the serum Cr concentration and body length (BL),
expressed as BL (m) x 0.30 for children aged 1-12 years,
providing a simple formula convenient for estimating
glomerular function. A polynomial equation that can pre-
dict serum Cr values in children of all ages was also
established [1]. Serum Cr is the most widely used marker
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for predicting kidney function. The newly established Cr
value for Japanese children will further improve the diag-
nostic accuracy for detecting reduced renal function.
However, Cr concentrations are insensitive to mild reduc-
tion in the glomerular filtration rate (GFR). In addition, the
age and muscle mass dependencies of serum Cr complicate
GFR assessment in children; physicians, particularly if they
are not nephrologists or pediatricians, often do not take
these complications into account [2, 3]. Therefore, addi-
tional markers independent of age and sex are preferable to
aid the screening of renal function.

B2MG is a well-established marker that is independent
of muscle mass and age; therefore, it has better diagnostic
sensitivity than serum Cr for the detection of impaired GFR
in growing children and children associated with severe
loss of body mass [4, 5]. The production of 2MG, how-
ever, is known to increase during infection, inflammatory
processes, proliferative syndromes, autoimmune diseases,
and malignancies [6], which may affect the evaluation of
glomerular function in children. Therefore, it is necessary
to establish an accurate range of f2MG in healthy children,
which can be used as an accurate diagnostic marker of
renal dysfunction in children.

Despite the clinical importance of evaluating the renal
function independent of age, sex, and race, there are few
studies on normal S2MG reference values in children.
Therefore, this large-scale study was performed to evaluate
the normal reference values of f2MG in healthy Japanese
children.

Materials and methods
Collection of blood samples (multicenter study)

Blood samples were collected from a total of 1151 children
(517 boys and 634 girls) between the ages of 1 month and
18 years who presented at the member facilities of the
Committee of Measures for Pediatric CKD and the Tokyo
Health Service Association between 2008 and 2009 [1].
The study was approved by the local ethics boards, and
written consent was obtained from the parents of all sub-
jects. Data lacking p2MG values were deleted, and the
remaining data from 1131 healthy children (504 boys and
627 girls) with ages between 1 month and 17 years (mean
overall age, 7.7 £ 4.7 years; mean age of boys, 7.0 & 4.8
years; mean age of girls, 8.4 4 4.6 years) were used in this
study. Children with kidney diseases, urogenital diseases,
infectious diseases, inflammatory diseases, dehydration,
muscular diseases, anomaly syndrome, malignancies, car-
diovascular diseases, and liver or pancreas diseases were
excluded from this study.
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Measurement of B2MG

The serum samples were stored at —70 °C until further
measurements were performed at SRL Inc. (Tokyo, Japan).
The serum concentrations of both f2MG and Cr were
determined by a latex agglutination immunoassay and an
enzymatic method, respectively, by using a Bio Majesty
automated analyzer (JCA-BMS8060; JEOL Ltd, Tokyo,
Japan).

Test validity of reference value

The archival serum B2MG and Cr data collected from
patients with various kidney diseases hospitalized between
2004 and January 2010 for routine examinations for clin-
ical management were used to test the validity of the
established f2MG reference values. The collected data
included 345 serum samples from 21 children with various
kidney diseases, including hypoplastic or dysplastic kidney
(n = 8), kidney injury during the neonatal period (n = 3),
reflux nephropathy (n = 1), post-hemolytic uremic syn-
drome (n = 1), focal segmental glomerulosclerosis (FSGS)
(n = 4), congenital nephrotic syndrome (r = 1), IgA
nephropathy (n = 1), drug-induced renal dysfunction
(n = 1), and mitochondrial disease (n = 1). The patients
were aged 0.1-13.6 years (mean 6.0 + 4.8 years) at the
time of diagnosis, and all developed decreased GFR during
their disease course. Samples were collected when the
patients were 0.6-16.9 years of age (mean 8.3 + 5.3
years). The mean observation period was 3.1 & 2.6 years.
The male-to-female ratio was 14:7. All samples were
confirmed to be C-reactive protein-negative to exclude the
possible effect of inflammation on §2MG values. Medical
records for the BL and body weight taken during blood
tests were also collected. All patients gave their informed
consent at the beginning of treatment for the use of the data
in addition to that required for diagnostic purposes, i.e., for
research purposes.

Individual serum Cr values and the reference value
calculated by the recently established polynomial equation
formula were used to evaluate the kidney dysfunction, as
follows [1]:

For boys: y = —1.259x° + 7.815x* — 18.57x% + 21.394?
—11.71x +2.628

For girls: y = —4.536x° +27.16x* — 63.47x> + 72.43x*
— 40.06x + 8.778,

where y is the reference serum creatinine (mg/dl) and x is
body length (m).

Thus, kidney function was defined as [patient Cr/refer-
ence Cr (y) x 100 (%)].
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Statistical analysis

The statistical analysis was performed with the GraphPad
Prism software package (Ver. 5.0; GraphPad Software, San
Diego, CA). The reference cohort with f2MG and Cr was
subdivided into separate age groups for girls and boys. The
differences between the groups were tested with
the Kruskal-Wallis nonparametric analysis of variance
(ANGOVA), Mann-Whitney U test, or chi-square analyses
as appropriate. The relationship between age and serum
B2MG concentration was determined by both linear and
polynomial regression analyses. The data are expressed as
the mean = standard deviation (SD) or 95 % confidence
interval (CI). Associations between age, BL, serum Cr, and
kidney function (%) were assessed with correlation coef-
ficients according to Pearson (7). P < 0.05 was defined as
statistically significant in all analyses.

Results

B2MG reference values in Japanese children

The characteristics of healthy children were as follows: the
mean age was 7.8 & 4.7 years (95 % CI 7.5-8.1 years)

with a range of 0.1-16.7 years and a median of 6.9 years.
The mean BL was 1.21 &£ 0.30 m (range 0.54-1.85 m).

There were 64 children who were taking cold medicine or
antiallergic agents, though no one had fever or any other
symptoms of inflammation. The median, 2.5 percentile,
and 97.5 percentile serum S2MG reference values in each
subgroup of age are summarized in Table 1. Combining
these values as a single cohort yielded a mean serum
B2MG concentration of 1.45 £ 03 mg/l (95 % CI
1.43-1.47 mg/). There were no differences in S2MG
concenirations between boys and girls of any age group;
however, the f2MG data varied widely, particularly in
younger subjects (Table I). It appears that there was a
significant change in the value of the upper limit (97.5th
percentile) between children aged between 1 and 2 years
(Table 1).

Scattergrams show the age-dependent distribution of
serum f2MG concentrations (Fig. 1) in which the serum
B2MG concentration gradually decreases with age. There
is a significant negative correlation among the serum
B2MG concentration, age, and BL (both r = —0.47,
P < 0.0001), and the regression equations were y =
—0.0341x + 1.72 and y = —0.0055x 4 2.12, respectively
(Fig. la, b). The relationships between serum f2MG level
and age (years) or BL (m) were also determined by
polynomial regression analysis, and the reference serum
f2MG level was expressed as a cubic equation of age or
BL (Fig. 1a, b; broken lines). The regression equations
were as follows:

Table 1 Median, 2.5th

percentile, and 97.5th percentile Age All subjects Boys Girls

of serum B2MG reference n 25% 50% 975% n 25% 50% 97.5% n  25% 50% 915%

values in each age group

according to sex 3-5 months 21 1S 1.8 32 17 15 1.8 3.2 4 16 1.8 2.1
6-8 months 18 14 1.8 26 14 14 1.9 2.6 4 16 1.6 23
9--11 months 29 13 1.7 33 15 1.3 1.7 33 4 13 1.8 32
1 years 69 14 177 31 32 14 1.7 32 37 12 16 3.0
2 years 73 1.0 15 25 40 1.0 15 22 33 1.0 1.5 3.4
3 years 85 1.0 i5 2.3 46 1.1 15 23 39 10 1.5 24
4 years 78 1.1 14 25 42 1.0 1.4 2.1 36 1.1 1.4 3.1
5 years 94 1.1 14 2.3 46 1.1 1.5 2.7 48 10 14 22
6 years 101 1.1 14 23 43 1.1 14 24 58 1.0 1.5 23
7 years 83 10 14 2.1 36 09 1.3 2.1 47 10 1.4 22
8 years 55 1.0 14 25 19 1.0 1.4 1.8 36 1.0 14 23
9 years 37 1.0 14 2.1 18 1.1 1.4 1.8 19 1.0 14 2.1
10 years 42 09 13 1.9 11 11 14 1.6 31 09 1.3 1.9
11 years 58 1.0 1.3 23 19 1.1 1.3 2.1 39 1.0 1.2 24
12 years 69 1.0 13 1.8 14 12 1.3 1.5 55 09 1.3 1.9
13 years 68 1.0 1.3 1.8 30 1.0 1.4 20 38 1.0 1.2 15
14 years 57 09 13 2.0 17 1.1 14 2.0 40 09 1.2 1.7
15 years 35 08 1.2 1.8 15 038 1.2 1.8 20 08 1.1 1.7
16 years 59 08 1.2 1.8 30 038 1.2 1.8 29 038 11 1.4

* P <0.0001 in comparison to All ages 1311 1.0 14 23 504 10 14 23 627 1.0 14 23

the mean value in all subjects
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For age: y = —0.000472x> + 0.0139x* — 0.149x + 1.94

For BL: y = —0.354x> + 1.79x% — 3.26x +3.36

p2MG exhibited significant correlations with age (cor-
relation coefficient of —0.50) and with BL (correlation
coefficient of —0.49), which were slightly improved com-
pared to those in the linear regression analysis.

There was no relationship between the f2MG concen-
tration and age in children less than 2 years of age;
however, f2MG levels showed a significant negative
correlation with age in children more than 2 years of age
(Fig. 1c, d). Statistical analyses revealed that the f2MG
levels in age groups of 0-5 months (1.94 & 0.44 mg/l),
6-8 months (1.92 & 0.38 mg/l), 9-11 months (1.80 =+
0.48 mg/l), and 1 year (1.80 % 0.42 mg/l) were signifi-
cantly higher than the overall mean value of all the subjects

A 4- y =-0.0341x + 1.72
r=-0.47
g ‘ P <0.0001
3 - z :

B2MG (mg/L)

0—
1] 1 [ 1] ¥ I 1
0 3 6 9 12 15 18
Age (years)
4—
c P=ns
s & ¥ oa .
- B = % "
E’ g ﬁg H 8 m
¥ . B ®
E 2 E 8 g ® ’&% & 2P e B g
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Fig. 1 Serum concentrations of f2MG in relation to age and body
length (BL). Linear regression lines between the serum concentration
B2MG and age (year) (a) or BL (m) (b) of all subjects are shown. The
regression equations are y = —0.0341x 4 1.72 and y = —0.0055x -+
2.12, respectively (straight lines). The relationships are also deter-
mined by polynomial regression analysis, and the reference serum
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(1.45 £ 0.34 mg/l, P <0.001). However, no difference
was found in the >2 years age group.

There were 14 outliers of the upper limit of age-specific
values (Fig. 2a); however, these were unrelated to the
corresponding Cr values, which were within the normal
range (Fig. 2b). Out of the 14 children, 6 were taking cold
medicine or antiallergic agents, and the number of subjects
taking such medicines was significantly high (66 cases)
among the total subjects (P < 0.001, by the chi-square
test).

Assessment of f2MG value in children with CKD

The validity of the reference range of the established ref-
erence value for f2MG was tested by reviewing data from
children with various kidney diseases during the course of

4 o
B y = -0.55x + 2.12
e85y P r=-0.47
3 Tm = P < 0.0001

B2MG (mg/L)
N

i ¥ 1] 1
05 1.0 1.5 2.0
Body length (m)
D 47 r=-0.37
® P < 0.0001
3 =

B2MG (mg/L)

Age (years)

B2MG level is expressed as a cubic equation of age (a) or
BL (b) (broken lines). The regression equations are as follows:
y = —0.000472x> + 0.0139x* — 0.149x + 1.94 for age and y =
—0.354x + 1.79x% — 3.26x + 3.36 for BL. f2MG did not correlate
with ages less than 2 years (c), but it did correlate significantly with
ages above 2 years (d)
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Fig. 2 Age-specific serum concentrations of f2MG (a) and Cr (b).
Outliers beyond the 97.5th percentile range for §2MG reference
values (a) and their corresponding Cr values (b) are shown as black
dots

their disease. Most of the serum concentrations of f2MG
were beyond the upper 97.5th percentile of age-appropriate
reference values when the Cr level was beyond the 97.5th
percentile of age-appropriate reference values. Out of the
345 samples, 329 indicated reduced kidney function below
75 %, and 344 of these (99.7 %) could be detected using
the newly established age-specific f2MG reference range.
However, data from 2 patients showed a discrepancy
between the serum f2MG concentrations and serum Cr
level or kidney function (Fig. 3). Their kidney function as
evaluated based on the serum Cr value and BL was grad-
vally decreased from the normal level to below 75 %
during their course, but it was accompanied by a relatively
quick increase of f2MG for their age (Fig. 3).

Patient 1 was a 14-year-old boy and was referred to the
department of pediatric nephrology for proteinuria and
severe emaciation. He had been diagnosed with mito-
chondrial disease by a muscle biopsy when he was 11 years
old. His body weight was 21.1 kg (—3.0 SD for mean
Japanese weight at his age) and body length was 136.5 cm

(—3.6 SD). Laboratory data showed proteinuria, 120 mg/dl
without kidney insufficiency; serum Cr, 0.42 mg/dl; and
B2MG, 1.6 mg/l. His BL gradually increased to 143.8 cm
(—4.4 SD) over the next 2 years, but his body weight was
stable at 20 kg (—3.9 SD). The serum B2MG level grad-
ually increased with the decrease of kidney function and
exceeded the upper limit (97.5th percentile) of the estab-
lished standard range for his age when he was 15.6 years
old (Fig. 3a). At that time, an endogenous Cr clearance
(CCr) test revealed his CCr to be 53.0 mi/min/1.73 m”,
Patient 2 was a boy diagnosed with FSGS when he was
13 years old. At diagnosis, his serum Cr and §2MG levels
were 0.5 mg/dl and 1.9 mg/l, respectively. His BL was
144.6 cm (—1.6 SD for the mean Japanese BL at his age)
and calculated kidney function was 110.3 %. In addition to
FSGS, he had an uncontrolled nephrotic range of protein-
uria, and his kidney function decreased below 75 % in the
next 9 months (Fig. 3b). His serum levels of both Cr and
B2MG were elevated according to his kidney function, and
the B2MG level was beyond the upper 97.5th percentile
range during the same time that the kidney function
decreased below 75 %. In contrast, his serum Cr level was
still within the normal range for his age when the calcu-
lated kidney function decreased below 75 % (Fig. 3b).

Discussion

Several serum markers, including Cr, f2MG, and cystatin
C, have been used to evaluate kidney function [7, 8].
However, for the use of these markers in children, an
understanding of their normal reference values and their
relationships with age and build according to differences
among races is essential. Therefore, we recently conducted
an ongoing multicenter large-scale study to examine this
point. The reference value for serum Cr in healthy Japanese
children has already been established [1]. The present study
was aimed at determining the reference range of f2MG in
healthy Japanese children as the second step of our study.

In this study, we found a significant correlation between
B2MG concentration and age (Fig. 1a), which was different
from previous reports [4, 5]. There was also a significant
negative correlation between f2MG and BL, and they had
the same regression coefficient (r = —0.47) (Fig. 1b).
Therefore, it can be argued that the independent relation of
B2MG with age and body mass, which has been one of the
advantages for its use as a marker, is not applicable in
studies on children. However, the current study showed
that the slope of the regression line for f2MG with age is
gradual and reaches a plateau in a short time (Fig. 1).
Moreover, f2MG and age are negatively correlated, and
therefore, elevations in f2MG concentrations relative to
age can be easily detected. Indeed, the retrospective

@ Springer



104

Clin Exp Nephrol (2013) 17:99-105

Fig. 3 Time course of kidney
function (%) and serum f2MG
and Cr concentrations in patient
1 (a) and patient 2 (b). Shaded
area and solid line in the left
panel represent the age-specific
reference range (2.5-97.5th
percentile) for f2MG and Cr,
respectively. The shaded area in
the right panel represents the
age-specific reference range for
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assessments tested the clinical validity of the newly
established 2MG reference in patients with various kidney
diseases, distributed over a wide range of age groups,
revealed that f2MG was a highly sensitive marker
(99.7 %) for detecting kidney dysfunction below 75 %.

B2MG forms the beta chain of the human leukocyte
antigen class I molecule and is present on the surface of
most nucleated cells [9]. Although the mechanism of the
dependency of f2MG on age is unknown, many immu-
nological features in children, including an immature
immune system in infants and lymphocytic predominance
of circulating leukocytes in young children, could explain
how serum f2MG concentrations change with age. Many
of the subjects among the high f2MG outliers were taking
cold medicine or antiallergic agents, indicating that some
kind of immune reaction caused by the common cold or
some allergic diseases, including bronchial asthma and
atopic dermatitis, could affect f2MG production. Indeed,
such diseases are common among young children. Data
from studies examining serum S2MG values in fetuses or
neonates reveal that the mean value of f2MG is relatively
higher (around 3.5 mg/l) than that of young children with
no renal complications in the present study [10, 11].

The current study used the equation for kidney function
derived from serum Cr: kidney function (%) = (reference
serum Cr/patient’s serum Cr) x 100, since the reciprocal
of serum Cr is generally correlated with GFR [12, 13].
Assuming 100 % kidney function to be GFR 120 ml/min,
75 % kidney function is comparable to GFR 90 ml/min,
which is the borderline between CKD stage 1 and 2 [14].
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An advantage of using this method is that since this for-
mula is based on BL rather than age, kidney function can
be appropriately estimated for growing children. There are,
however, still significant disadvantages of using Cr as a
marker for detecting mild impairment of kidney function in
children. Herein, we presented a typical case of this situ-
ation (Fig. 3). In children with a very low muscle mass,
Cr-based estimation of GFR can be misleading. Cr can also
be overestimated in children with advanced renal failure, in
whom there is reduced Cr production due to malnutrition
[13]. Although B2MG has the disadvantage of being
increased in patients with inflammatory and infectious
diseases and several malignancies [6], detection of
increased f2MG concentrations appears to be easier than
that of Cr. Therefore, as compared to Cr, f2MG appeared
to be a better marker of kidney impairment in children with
abnormally low body mass. It also appears to be favorable
for children with short stature in mild kidney dysfunction.

In addition to $2MG, recent studies have reported that
cystatin C also facilitates the recognition of abnormal renal
function in children compared to Cr because its reference
range is independent of age, gender, height, and body
composition [7, 8]. The applicability of cystatin C, how-
ever, remains a matter of debate. A standard value for
cystatin C in children has not yet been established; there-
fore, considering the diagnostic sensitivity of cystatin C for
impaired GFR in pediatric patients, particularly in patients
with only mildly impaired kidney function, cystatin C may
not be a better indicator than the BL/Cr ratio [15]. Fur-
thermore, the measurement of cystatin C is currently too
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expensive for routine use in clinical practice. However,
cystatin C will also be a potentially useful marker once a
reference value in normal children, according to race, has
been established, and the differences between the diag-
nostic significance of Cr and f2MG become clear. We
believe that our ongoing large-scale study that aims to
establish the reference value of cystatin C in Japanese
children will provide a better understanding of this marker
for clinical use.

In summary, the current study determined a new f2ZMG
reference value for detecting kidney impairment in chil-
dren. Measurement of the serum f2MG concentrations in
combination with serum Cr concentrations, and perhaps
cystatin C in the near future, as markers for predicting
glomerular function will provide better accuracy in the
detection of reduced kidney function in children.
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