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AAhRMEalRE $18%E Eo5

podocin

synaptopodin

soluble CTLA~4

B2 EFFAL FOCDR erhld LAMAERE 7o —CEEROFHRER (Twohit

theory)

a) BFHA MCEFET S TLRs 27 VA RNA R HAHEOME S ¥ 87 584 L (st
hit), #OME T NFxBAEHELT S, b) NF«BOFEHILIC L T, KF¥4 M
CDSOMHEL, FFY A FREROBEESLIES v 2 ORFRHIESS, o #l
4% T ML (Treg) BEERSHE, CTLA4 OFER IL10 OFWAEI Y, CD8O ®
EEEl s, 7 U8 RIE—BEICRDS, ) B%¥% Tree2F T 5 (2nd hit)
MCNS & Tlk, CD80 DIFMEALIRBIER SNy V0 R T 5. (VEGF : vas-
cular endothelial growth factor ; IL ! interleukin ; TLRs ! toll like receptors; NF-
¥B : nuclear factor-kappa B CTLA-4 ' cytotoxic T-lymphocyte antigen 4 : Treg:
regulatory T cell 5 TGF-B : transforming growth factor-beta ; GBM : glomerular base-
ment membrane ; GEC : glomerular epithelial cells. ) % BZ TEEIER)

TORFYFA FVEECHET2REVRHEOF,S, [
EROT 7S EROBE] & [GBM #H F¥ 4 b-
GBM #AHOEE] LETRENLLOERMNT
5.

4) MCNS DR L LTOR Y4 RO T 7
F U EHEERF

%3, Shimada % Garin 5D NV — 7, [HIERR
MIEAREL THREOFEEAICHEDL 5 LNESTF -
CD80 (B7.1 & 3 I 3) 25K KA + FMEIEHE »
OFRIICHERET AT LA MCNS OFERE LTEE
THoHIELTHWBEY® 513 MCNS ofEHE L
T Two-hit theory EWIRHEFRB L TWB DO TE
NEBAT (281  OF FH 41 bOREEIC
FEFET % Toll Like Receptors (TLRs) 24T & 2 DHIE
(74 VA RNA ®HBHEOMIESY ¥ 757) HHEET 2
(Isthit), @ TLRs 25 OHI X b NF-«B (nuclear
factor-kappa B) dSEMEALT 5, @ NF«B OFEELIC

Lo T, FRYA M CD0 ABEFHT 5, @ CD8O

. DBFFEB R NF-«B BEOEELD, K EFA FOF

BTHEYFTIEFIVRT 7 F v ORELELE &

723, @RFH1 bOBEEOFER, BRERoEE
RHRBABMMER PSRy VB (RP) ~OImfE
¥ UyNZRHRPET S, ®L LEEE T Ml (regu-
latory T cell : Treg) DIERERHAEE 2 8E A T,

Treg % & CD80 {HEILIPHI 5-F TdH 5 CTLA4 (cy-
totoxic T-lymphocyte antigen4 : & bl EEM T
Y VSERPUEA) R IL-10 A4 &, CD80 {E A
fENBiz0, &3 ROBRE—EECERDS.

E OHBEY IR BIDT A W RBEede EOFBUTE S TH
BTBBMES V7 RTHA, D—F, MCNS BED
BRI TIT S 2 OHE T Treg RN T 3 E
T - A L T8 Y (2ndhit), CTLA4 DREHER
IL-10 @43 ds 7 , CDSO OIFHALIREE SR &
B VNIRRT B, ER, ZORHEER
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O Peripherally secreted sialylated Angptl4 @a Active LPL
% Podocyte-secreted normosialylated Angptl4 @ Inactive LPL
9 Hyposialylated Angptl4 «)  Albumin with lower fatty acid content
B opsintegrin 1 Albumin with higher fatty acid content
e Major podocyte-secreted Angptl4

B3 BEYA PORFT VTR F VMY 2 4 (Angptid) AL E Lot
AR 7 v —E AR BEREOIR E
MCNS BE DR K4 PE¥ 70 MEEIME Angptld &, EHICY 7 MES I
Angptld @ 22 BRICHER TS, WO Angptid  GBM IZERHT 25, ¥7)
MEEDOE N Angptld i, HFY4 R GBM ICER LT, K FY A4 PR GBM~
@ Angptld O KBEOERIE, WEOBEAEHTOY I VERELZERLL, EREOW
ey 32 FEH L. (MCD : minimal change disease ; FSGS : focal and segmental
glomerulosclerosis ; CG @ non-HIV collapsing glomerulopathy ; MN : membranous ne-
phropathy : GBM : glomerular basement membrane. Clement LC, Mace C, Avila-
Casado C, Joles JA, Kersten S, et al. (2014) Circulating angiopoietin-like 4 links pro-
teinuria with hypertriglyceridemia in nephrotic syndrome. Nat Med 20 : 37-46, Figure

6 % Macmillan Publishers Ltd. ®#F# 15 THR)

T HERRE LT, LPS %45 L CYER L7 MCNS &
FNRTADRFY L FRBWT, F 37 ROMHE,
JREROME, TrFVOBEBEICIZTCDI0 D
BWMERDL L WIHIHRENH LY. KFYFA bO
CD80 DFHMIME, THREOTA a4 v ThHb
IL-13 % poly : IC(polyinosinic-polycytidylic acid) T%
FEENBP® Poly : IC 17 £ VA RNA 2T 5
ERAERNA 7FU 7 TCTHY, TLR-3 OFEMEHI/LE
FThHBEN, TOTELFZREERREDY 4 VAR
% SR E LC MCNS %3 2 & & 238 » IRAT
RO2ABMICBTE 5. & 5IC Garin 51 MCNS
BEIBNT, REYA FToCDS0 0BFEEE

WU CR CD8O A L Cwa Z kR, R CD8O/
CTLA-4 HdS SR 1L FEMRIRE IS T 100 5 2L 1C
BoTwbI ERIMEL TVEN? T, TR Py
4 2O CDSOHEA NS BED ¥ vy RIBHICB
TEELRREPHEHSTWA] & 2R T AEHERD
s, Thbh, Y I T OWREETHS
737 % 7 b (abatacept : CTLA4 OIS FA A ¥
L FIgGl® Fe FAA v CHR IR TEERIE
¥ v ¢, CD80/86 IC#s& LMy 7 F vi HE
T2HH) ZHIAKO FSGSBESRIHEE L LT
5, EFTERIELLIZEVHT.

MCNS 2 B1J 5 Treg DREREN T 2 X BN EF O
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Podocyte FP

P ;*‘,_"mf p——,

Heavy molecular weight proteins

=  Albumin
< FcRn

4 BT o —PEERICBT 5 EIRNT
V7 VROBBEER (RS
BAOTE ;7 O —BERRICEV TR F 4
TOAY Y FEEEFBRSLTVARIEDLT,
TVTIVORPRFCHETS BRETVT
IVR)., TOBBHETRETHLY, MEPrSHE
Wi GBM 2B TR FYA MeBELAT7 VTR
VA, Felbe7y—e#HBaL, =V M bV
RLZF VYL PV RICEoT, WEENEE
BTRENVIRANZALREETSHLEETE S,
(FP : foot process ;i GBM : glomerular basement
membrane » Endo : endothelial cell. Tojo A, Kinu-
gasa S. Mechanisms of glomerular albumin filtra-
tion and tubular reabsorption. International Jour-
nal of Nephrology 2012 ;2012 : 481520. doi:
10.1155/2012/481520, Figure 4 & DEE®. Copy-
right © 2012 Akihiro Tojo and Satoshi Kinugasa :
httpy//creativecommons.org/licenses/by/3.0/).

FEIZOWTS, BELOHMARRZED TV 2P0
HEHFELNZ9® UL, 28 Treg DR - 1Y
RAETRBRP P MCNS DS BICR S0 B DI ER
HTH5 BRELDICMCNS OREENEELZ &
FoiE, BENZERPHREEFICIZNERORED
BNEEZLODVRETHS)

5)  F¥4 b & GBM EAHOBEERSE

SEAE, BFEYS MBI B7 VIS RLF v HES
2% 4 (angiopoietindike protein 4 : Angptld) D&
POBRNREERES, BERFEL ST MCNS 0%
{OEHEBRLTYAWEEEIRR S R 2?0,
Angptld X, WEEPHWEECT ¥ VAR F Lt
BEEPETHHES V2T, b FOE L OHEMICEH
BELTWw5A, —RIT Angptld X, MENEMEERIC
HETHYRERY NS—E (FHENE258BT 58
SREEE) OFEMERIRIT 5720, miEdohikiEh
P ER SRR

%3, Clement 5%, MCNS € F VB BEIC
BWT, RFYA FOBELLRE L Angptld 79% K

HAMEREAHEE #18% £9F

HREERELLTVEEWIEHEEZEBELTWA™,
ZORPWE LT, OF FH A4 MIFERIIC Angptld
PREMBISLINTIVAVzZv 9y bTRE, B
B0y Y2 R, GBM O EHE, BLUTREREDH
EEADLT L, @MCNS EFNVT v b OERIKIED
Angptld DEF T, $EHEI8~85 LBUEFREL T
Wabok, EBEENT LHFEFREDDL OO 2 DT
BRECRBELTBIE, @MCNSEFVT v DR

F¥ 4 b 55wz Angptd ZEFRXITI W
fEERTwinwZ e, 2EOFREZHELE Chbd
DHEENPD, EHIETMCNS BEORFYA My 7
UMELTWRWEE BN E Angptld % 8% 12
BEEL, TRUHFEBYTUMEEN/ Angptld & &
BIRFNTA PR GBM ICEH L, RF¥HA4 b & GBM
DERETOY I FMEERHELL, REBOWHE
Ry NI RERIEHEBL TR (B3¥), —F
T, NS BB X ) kBEOF Y7 R, OB
HIEEBRE 7V TI Ok ED, TOEER B
B (BHRBROE RIS coyTynkLe
Angptld DB ETLESE B 720, MFEFO Angptld
BHEIEMCNS D42 b5T, OBRETIRDLN
B, ZOBA, MiETO Angptld 1 ZRERIKO AR ML
DBR5SAVF IV EHEEBLT, LAY VS
REWH T BT B L™,

BEOL A, BBRORFHA FTHCDOHFO
BREFEHE Angptld © GBM ~DOEFR & ORI
ThHrH". LHL~ 7RI MCNS HELZERT 5 LPS
(TLR4 OEHALETF) 2#%53 5L, BIHMEETIE
Angptld ODEBFTLET BP~F, RF¥ 4 PTHE
CD80 DHEBITEL TV EYZ i b, 5D DK
EFA5R K% 4 @ Angptld % B & CDRO G FHE
# BRI L T 5 TEEMASRIB S b,

6) MCNSIZBW A7 VT3 vORERWEFRHRD
Br

SDKBITAZR7Y YORFMETELBHEELT
WhEIhT74 vy FRIERENS®, HFYA b
DHEEHRED BN B FSCSIcBWT, 7VT I ¥ U4t
DEESY 37 SRPICHBT HIEEIRN Y V7 R
PROND Z L BHEMB LT WY, —F, MCNS 28w
TRTNVTI Vv EEHRE LZRIRWS vy BrED
5N5b. MCNSDEFY A4 MEEE LTRONZHHK
By AR AR, RIREEMMAE B 2 R HEICE -
TWABRFTL VOREREOHEEKTHY, RFHA b
D SD BEERE 0% BRI LTWAEP, TOLIHITK
F¥4 b DO SDHEEIET LIRET, 7TVT 3 9%,
ED XS R TS S RAPICERIICEHRT 20
IZOWTIRARELR ARS G, ZOEMICH L TEE,
Tojo H IXfEBRMF 2 5 NE MNP GBM 28 CTH F
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synaptopodin

1331-(17)

H6 MAREAE A7 0 — IRV SN A HH OERBRF T 28 Lwv# 205

HEYA POV

GCHOF YA b @ NF«B OMIBA Y 799 ¥ 7 Wfl32 2 & T, $F72CsA ik, K
FUA4 MBI AVF T PEFL OW N a— ) ARG Y EAL & W5 o
8T, T F R R REAL SR, ¥ U8y AR R S B WSS S, RTX I,
CD20 D&% 57, HFEH¥A F O SMPDL3b Kb fsH L, ThER#TLHIZEIC L
CTT 7 F BB HROMEZE, ¥ Ry RE2PHT 5 LI #@ENH S, (GC:
glucocorticoid ; CsA ! cyclosporine ; RTX : rituximab : SMPDL-3b : sphingomyelin
phosphodiesterase acid-like 3b ; DG * dystroglycans. )

YA MTEELZT VT I VN, REHA PICREBL
TWbHFe bEe7y— &L, =V F¥4 b= A
L F VAL b=V A L oC, MBENE BT S,
LW BEA D = XL EREBL T2 (R 4).

| MICONS OWBEEO IR I B8 LS ¥
KRS

INETHRRTE/L ) I, MCNS OFREEHICBV
T, U vosEk (R T A0IR) BRRESLE B O R Py A
PREEBAERTIFTA LY T PHFBETHA. FhiZ
PEo T, MCNS IZHRRIEHOIERBEFICOWTY,
TEREZPLCRESR TR, $ibh, 7o
aF a4 F (glucocorticoid : GC) Y 7 TR AT 7
3 F(cyclophosphamide), 327 = /) —VEBE7 = F
v (mycophenolate mofetil), V7SI V'— ) (levami-
sole), ¥ 1 AEY v Alcyclosporine A : CsA), RTX
T E ORISR, MCNSEEOY) U Bk Ry
ERETAHIETCHRERZETHIDOLEILNTE
7248, W, GC, CsA ® RTX IToWTH, 512
FTEIRKRFYA POEEEHRHLIRABRILTY
B ER B DWTTICHBIC RS,

1) MCNS i2BiF 5 GC O L EfRE

NB MCNS BE D 80% ~90% 3 GC TEMRT 2

ZEEMBENTWELOD, GCAED X HIZ MCNS
OFEEYET HOPT2WTERAHREIE Y. L
L GC OFFARY & ORI EEICHE LT
5T &R, it MCNS OJFHEERCBIT AR F¥A b
OEERTEZGbEs L, GCUWRFYA FOSE
RCHEBEER LT v 7 RO EIH LCwa T
Bl B, EBE, BEOMIETE, FEIAF VY
e b OFE R A b ORI & e T
TR, KRV A O NFB Oy 75y
FRYRT BT Edbh o Tns™,

£ S ik, [IMCNS O£/ 2 FHEIE R P-4 b
ETHAH] LWINGFA METOTO L 2O
HeffoTwh, EOWT, BV hO NFB IZH
BLAMEEZEAT S BI ETH 4 NFxBIdHE
ISz Bw T, b iEEE R T RERF0O—2T,
APVARTA M4 Y, BINRETEELS T
A#AT L, DNA IZHE, BERE 24T, TNFo, IL-
6 % EDPIEMEY A M A VOEEREICHET 3.
MCNS % NF«B OFEBRERIGEE, HEINLTY
AW 2 2T, [NF-xB BEH ik MCNS OF#EEIC
ZYBAEOTREVRL EWHEBE LT, BERR
& N 7=-NFxBJ £ # T &% % dehydroxy-methyl-
epoxyquinomicin (DEMEQ) 2 MCNS SEF V< 21
FE L THE 21T o 2%, Z0#E, DEMEQ FEi 53
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TREERY UNVR, BT VT I VIEZELZD
123 L, DHMEQ#ZEHTHINLOFTRIZEBRL,
RFEY A+ OEEEL (BEEOHEE) dbROAT
HFEY A PRATONF«BOZERBITIHEI LT
o ThODEEMS, NFxBHEER - DHMEQ i,
FEFH A MIBWTNFxBOBHNBITZ2HEET S
LT, FOWBELRZIFIL, 5oy ReRSSE
BL0rBEbhiz. L7z - T DHMEQ i MCNS @
SRR R DR D 5.

2) MCNS 2B 5 CsA O LW {ERHEF

CsA i3 GC izt ¥ 3 S Mo\ MCNS BE 1T b
BHEDFBNZ DL, JCHAVWOLNIEHTH S,
I E T, MCNS 2B 5 CsA OTEREF I, 1wkt
L7z THBOMBAY 7P ZE0MEl 2 bh
TE&ZA, W4, RFEVA P~OEBEEHOTEEMED
Faul H5ICX o TRENLY, Thbbh, CsAlL, ®F
YA MCBITBYFTINRTFT4 VDAV Za—Y ¥
BRI Y VBILCER LCT 2 F VB R R e
b8, FUNIREBIEELEVIEZFERL
7z.

3) MCNS 28135 RTX Oo#f LW {ER#EE
BHBOEEHE TH B CD0 INTHE) 70—
FUPAAETH S RTX &, HBEDO MCNS T BEWE
AR 720, HE, FOMREEIELZ THLE
FOR T, b ETHRBIRE NS FETH L. RTX
A MCNS 23t L CHEREEZ BB T2 HFICOW TR
AL EFE VD, BRHNICB W CTIEREN B Miia0
HBEzRDHI L6, BHBOHKE/IHEEEEL
EBCHORGE THRE DBV SELTRER Y
DEZLNTEA®, LaL, Fornoni Hif, RTX i
BAEMARTE © CD20 23Rk T 5723 Th <, REYA
» OSMPDL-3b ( sphingomyelin phosphodiesterase
acid-like 3D I FHAEL, ThERETLZLICL-T
T F VBB OBELGE, ¥ U REVMIL
TWATREEER LY.

Bb ol

MCNS %% i, 1974 412 Shathoub 23RE L 72
[V U SBBREEH] »5 0FE0FEMRENZICH
Mb o3, WELIBHIRTHwZW, ZOMICNRT
ARG [REFA4 PEEH] ~eBTL, ME0S
7 aADEINEL ORERPRBEENRTVE, T2
bbb, BALAFEEHRUICL, ~EXF TV (he-
mopexin®®), JEWEEEY, —BILEEY, Hrwnitc
mip" & Vo RS TFOEERLBATIRAR D HS
CHRESNTWS., WTFhoREDBHIH 5 O TIX
HEV, EDETH, BREEPUHOTET V-T2 Lo

BAMRHERME $118% £9%5

TEHTHRIE S NBIERRE 2. £724H, ®F
P4 FPEEFTROARY bT 4 PEBOPTHD LI
i, TOBEZFIEBITEEER, Treg 20 LT
ARERECTHIMRBITETE 2. &LA [T
HIIBFERERE AR F¥- A4 MIkrA 2B b2 L Tw
51 EZIHY, FERNHAPTRTH L. Lizho
T, G [0 v SREEREEH] &L [RFH1 ME
EFHIDZ o035 ¥4 2 %R CHERGHHFEIE T NG,

B AWLEERT RIS, REBIECHIT
EoB DBEIALZOREZFOT A IEH L E
T FRAEREA T O - YERBORE - mMEBHOZO
CERERTFSE, BWERE T - TN HBEER RS NER
FHE - BRRSHEEOBT HEL, MBEEERE, LA
HAESEA, THERERE 2L CESERELTINEE
BEEELE, REBAZECLIVBEHLET

BA/RNRRZESOED 5 FHAKICRET 2 HRERE S
h A
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ABSTRACT

Background. The risk of progressing to end-stage kidney
disease (ESKD) and factors associated with progression in chil-
dren with chronic kidney disease (CKD) are unclear, especially
in Asian children.

Methods. We started a nationwide, prospective cohort study of
447 Japanese children with pre-dialysis CKD in 2010, with

follow-up in 2011. Progression to ESKD was analyzed by

Kaplan-Mefer analysis according to CKD stage. Cox regression
analysis was used to identify risk factors for progression.

© The Author 2014. Published by Oxford University Press
on behalf of ERA-EDTA, All rights reserved.

Results. Data were analyzed for 429/447 children. Five patients
died, of which four died before progression to ESKD. Fifty-
two patients progressed to ESKD (median follow-up 1.49
years), including 9/315 patients with stage 3 CKD, 29/107 with
Stage 4 CKD and 14/25 with Stage 5 CKD. One-year renal sur-
vival rates were 98.3, 80.0 and 40.9%, for Stages 3, 4 and 5
CKD, respectively. Risk factors for progression to ESKD in-
cluded CKD stage [versus Stage 3; Stage 4: hazard ratio (HR)
11.12, 95% confidence interval (CI) 4.22-29.28, P <0.001;
Stage 5: HR 26.95, 95% CI 7.71-94.17, P <0.001], heavy
proteinuria (>2.0 g/g urine creatinine; HR 7.56, 95% CI 3.22~
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17.77, P <0.001) and age ( <2 years: HR 9.06; 95% CI 2.29-
35.84, P=0.002; after starting puberty: HR 4.88; 95% CI
1.85-12.85, P = 0.001).

Conclusions. In this cohort, 12.5% of children with pre-dialy-
sis CKD progressed to ESKD with a median-follow-up of 1.49
years. Children with advanced (Stage 4/5) CKD were particu-
larly likely to progress. To our knowledge, this is the first,
nationwide, prospective cohort study of children with pre-
dialysis CKD in Asia,

Keywords: Asia, child, chronic kidney disease, end-stage
kidney disease, prognosis

INTRODUCTION

Chronic kidney disease (CKD) in children is a progressive and
intractable disease [1]. In the CKD in Children study, children
with a glomerular filtration rate (GFR) of <30 mL/min/1.73 m*
showed significant growth failure and other dinically im-
portant disorders compared with children with a higher
GFR (250 mL/min/1.73 m?), and experienced greater pro-
gressive changes in their GFR [2], The mortality rate in chil-
dren with end-stage kidney disease (ESKD) is also quite high,
and was reported to be 98.8/1000 person-years among
children who started dialysis between 1990 and 2010 in the
USA [3].

The prevalence of CKD in children/adolescents varies con-
siderably among studies and countries [4-10]. Furthermore,
the incidence of Stage 2-5 CKD in children was reported to
range from 7.7 to 12.1 per million [6], based on data reported
in six countries (Italy [11], Belgium [12], Spain [13], Sweden
[14], France [15] and Turkey [16]). The broad range in the in-
cidence of CKD was at least partly due to differences in the
clinical definition of CKD used in each study. The differences
in study design and possible differences in CKD characteristics
among ethnic groups also mean it is difficult to compare the
prevalence of CKD and ESKD among studies, or estimate
the prevalence of severe kidney disease worldwide or in
specific populations lacking current data. Furthermore, while
the prevalence of CKD in adults is steadily increasing in many
countries [8], the current situation in children is less clear,
patticularly in Asian children.

It was also suggested that the rate of decline in renal func-
tion in Japanese adults appedrs to be slow compared with that
in other countries, and that hypertension, proteinuria and low
GFR were significant risk factors for a faster decline of GFR in
Japanese adults [17]. However, no studies have examined the
decline in renal function in Japanese children with CKD, or
sought to identify risk factors for progression to ESKD.

- To address these issues and to help us to better understand
the current status of CKD in Japan, we implemented a nation-
wide, prospective cohort study of pre-dialysis CKD in Japanese
children [9], the first such study in Asia. We previously reported
that the prevalence of Stage 3-5 CKD was 2.98 cases/100 000
children, and that most children with CKD presented with non-
glomerular disease, including congenital anomalies of the
kidney and urinary tract (CAKUT). As the original results were

derived from a cross-sectional analysis, we could not determine
the rate of disease progression in these patients at that time.
Therefore, as planned, we conducted a follow-up survey to de-
termine the rate of disease progression in these patients. From
this context, the aims of the present analyses were (1)
to investigate the progression of CKD to ESKD or death and (2)
to identify factors associated with disease progression.

MATERIALS AND METHOD
Study design and population
The study design and patient population are described in

more detail in our original report [9]. Briefly, we sent two

surveys in August 2010 to 1190 institutions (all members of
the Japanese Society for Pediatric Nephrology, all university
and children’s hospitals, and all general hospitals with >200
beds) in Japan inviting them to report on cases of pediatric

CKD managed as of 1 April 2010. The first survey documen-

ted the number of children with Stage 3-5 CKD in each insti-

tution. The respondents were asked to search their medical
records to determine the numbers of patients with a confirmed
diagnosis of CKD, or patients with abnormal serum creatinine

(SCr) values. In the second survey, the respondents were asked

to record the clinical characteristics of each patient. A total of

925/1190 institutions (77.7%) responded to the first question-

naire. In the second questionnaire, the participating institutions

provided data for 479 children. Of these, 447 children who met
the following criteria were evaluable: (i) children with CKD
aged 3 months to 15 years as of 1 April 2010; (ii) presence of

Stage 3-5 CKD; (iif) no history of chronic dialysis or renal

transplantation; (iv) renal failure lasting >3 months (cases with

transient increases in SCr were excluded).

In September 2011, surveys were conducted for the 113
medical institutions that provided data for the cohort of children
(n=447) established in our original report [9]. The deadline for
responding to this survey was November 2011, Data were pro-
vided for 429/447 children in the follow-up survey. The survey
asked dlinicians to record patient characteristics [e.g. height,
weight, blood pressure, cardiac function and blood and urine
patameters, including urine protein/creatinine ratio (g/g urine
creatinine)], outcomes (start of dialysis, kidney transplantation
and death), CKD complications, disease type and neonatal data
(birth weight, gestational age and presence of asphyxia), as of 1
November 2011. All surveys were to be returned using provided
envelopes and data entry was conducted by the data center.

CKD stage was assessed as previously described [9, 18].
Stages 3, 4 and 5 CKD were defined as SCr levels more than
twice, four times and eight times, respectively, the median
normal levels in age- and sex-matched Japanese children. In
our previous report [9], we validated these reference levels by
applying the abbreviated Schwartz equation [19], with Stages
3, 4 and 5 CKD being classified as GFR 30-59, 15-29 and <15
mL/min/1.73 m? respectively (<1/2, <1/4 and <1/8 of normal
GFR, respectively), defined according to established guidelines
[20-22]. All of the participating institutions reported using
enzyme immunoassays to measure SCr. Heavy proteinuria was
defined as urine protein/creatinine ratio >2.0 g/g utine
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Table 1. Patient characteristics according to CKD stage

447

. Stees ‘ -

25

n 315 107

Age (years) 86145 8.6+4.6 84442 99+45 0.321
Sex, male/fernale (1) 2721175 192/123 67/40 13/12 0.618
Serum creatinine {mg/dL) 16+£12 1.1+04 22+08 53+20 <0.001
Height {(cm) 119.6+£27.8 120.5+28.1 117.1£269 118.1+289 0.547
Height (SD) ~1.5+1.8 —-13%15 -1.8+£2.1 -2.8+32 <0.001
BUN (mg/dL) 355+ 187 283 +£9.7 484+ 18.1 749 315 <0.001
Cystatin-C (mg/L) 2.1+08 1.9+0.5 31%£10 41409 <0,001
€GFR abbreviated (mL/min/1.73 m%)? 39.6+159 473+£114 226%53 104 %33 <0.001
eGER complete (mL/min/1.73 m?) ® 39.9+124 43.9+10.0 247+52 13.544.0 <0.001

Values are means * standard deviation, CKD, chronic kidney disease; SDS, standard deviation score; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.

*Abbreviated Schwartz equation [19], eGFR = 41.3 [height (m)/SCr (mg/dL)].

Complete Schwartz equation [19], eGFR = 39.1 [height (m)/Scr (mg/dL)}****[1.8/cystatin C (mg/L)}*?** x [30/BUN (mg/dL)1**% [1.099]™ [height (m)/1.4]>1%¢,
"P-values were determined by analysis of variance for all variables except sex, which was analyzed by the y° test,

creatinine, The patients were divided into three age groups for
males (<2, >2 to <10.8 and >10.8 years) and females (<2, >2
to <10.0 and >10.0 years), where 10.8 and 10.0 years corre-
spond to the mean age of Japanese males and females, respect-
ively, at the start of puberty [23]. Hypertension was defined as
systolic blood pressure >95th percentile [24].

The study was conducted in accordance with the principles
of the Declaration of Helsinki and the ethical guidelines issued
by the Ministry of Health, Labour and Welfare, Japan. The
study was approved by a central ethics board at Tokyo Metro-
politan Children’s Medical Center (approval number: 23-49).
Because data were reported using patient medical records, in-
formed consent was not obtained in accordance with the
above guidelines.

Statistical analysis

The primary outcome was the progression of CKD to
ESKD. The cumulative proportion of progression was esti-
mated by the Kaplan-Meier method, where death was also
considered as an event. The day on which SCr was measured
that was closest to 1 April 2010 was used as the starting point
(i.e. T=0 years). Cox’s proportional hazard regression model
was used to identify possible predictors of CKD progression
by calculating hazard ratios (HRs) with 95% confidence inter-
vals (Cls). All statistical analyses were carried out using SAS
system version 9 (SAS Institute, Inc., Cary, NC, USA).

RESUL

Patient characteristics

The characteristics of the patients, as of 1 April 2010, are
summarized in Table 1. Of the 447 children in this cohort, 405
were of Asian ethnicity and 3 were of ariother ethnicity; ethni-
city was not reported by the institution for the remaining 39
children.

As would be expected, SCr, blood urea nitrogen and cysta-
tin C levels increased significantly with increasing CKD stage,
consistent with reductions in eGFR, as determined with the
abbreviated and complete Schwartz equations {19]. Children

Table 2. Ouicomes and tenal replacement therapies according to CKD
stage

o

patients . -
n 447 315 107 25
Data not provided by the 18 11 4 3
participating institution
Death before progression to 4 1 2 1
ESKD
ESKD 52° 9 29* 14
Renal replacement therapies
PD 27 6 15 6
Preemptive kidney 16 1 11 4
transplantation
Kidney transplantation after 3 0 1 2
PD
HD ES 2 1 1
PD after HD 2 0 1 1
Change in CKD stage {excluding death before progressing to ESKD)
To Stage 2 43 1 0
To Stage 3 210 6 0
To Stage 4 40 56 1
To Stage 5 (5D) 10(9) 38(29) 20(14)

CKD, chronic kidney disease; ESKD, end-stage kidney disease; PD, peritoneal dialysis;
HD, hemodialysis.
*Includes one death.

with Stage 5 CKD tended to be older than children with Stage
' 3/4 CKD.

Progression to ESKD and renal replacement therapy

Table 2 shows the patient outcomes during this survey.
Overall, 52 patients progressed to ESKD during the follow-up
period [median follow-up period (interquartile range) 1.49
years (1.16-1.64 years); Stage 3, n=9; Stage 4, n=29; Stage 5,
n=14]. Of these, 1/9 patients in Stage 3, 21/29 patients in
Stage 4 and 8/14 in Stage 5 had CAKUT. Five deaths (sepsis in
two; acute encephalitis, graft versus host disease and acute
heart failure and pulmonary edema caused by advanced
uremia in one each) occurred during the study period, of
which four occurred before and one occurred after progression
to ESKD. The detailed characteristics of patients with pro-
gression to ESKD or who died are preserited in Table 3. The
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Deaths
3 3.6
4 34
4 0.7
4 Deaths 8.3
after ESKD
5 13.5
Progression to ESKD
3(n=9) 9.8+49
4(n=28) 95%47
5(n=14) 99%12

Table 3. Characteristics of patients who progressed to ESKD or who died

Male
Male
Male
Male

Female

6 males
3 females

15 males
13 females

9 males
5 fernales

Unknown

Cortical necrosis (perinatal period)
CAKUT without obstructions
Drug induced

CAKUT without obstructions .

CAKUT without obstructions (1); chronic glomerulonephritis
(2); congenital nephrotic syndrome (1); focal segmental
glomerulosclerosis (2); nephronophthisis (1); other inherited
kidney damage (2)

CAKUT with obstructions (4); CAKUT without obstructions
(17); congenital nephrotic syndrome (1); hemolytic uremic
syndrome {1); nephronophthisis (3); neurogenic bladder (1);
other inherited kidney damage (1)

CAKUT with obstructions (1); CAKUT without obstructions
(7); cortical necrosis ( perinatal period) {3); nephronophthisis
(1); polycystic kidney disease (2)

Urinary tract infection

Blood analysis in the neonatal period, asphyxia, neonatal shock
Fetal ultrasonography/ultrasonography in the neonatal period
Detected during the management of other diseases(e.g. heart
disease)

Failure to thrive, weight loss and general fatigue

Analysis by chance (4); annual urinalysis at school (3); blood
analysis in the neonatal period, asphyxia, neonatal shock (1);
fetal ultrasonography/ultrasonography in the neonatal
period (1)

Analysis by chance (6); annual urinalysis at school {2); blood
analysis in the neonatal period, asphyxia, neonatal shock (4);
dysuria, including neurogenic bladder and nocturia (1); failure
to thrive, weight loss and general fatigne (3); fetal
ultrasonography/ultrasonography in the neonatal period (6);
symptoms of glomerulonephritis (edema, oliguria or gross
hematuria (1); unknown (1); urinalysis at 3 years (2); urinary
tract infection (2))

Analysis by chance (2); annual urinalysis at school (2); blood
analysis in the neonatal period, asphyxia, neonatal shock (1);
failure to thrive, weight loss and general fatigue (2); fetal
ultrasonography/ultrasonography in the neonatal period (5);
unknown (1); urinary tract infection (1)

Down syndrome

Bardet--Beadle syndrome (1} Lowe
syndrome {1}

15g syndrome (1}; chromosomal
anomalies {1); Bllis-van Creveld
syndrome (1); Prune belly syndrome (1);
renal coloboma syndrome (1)

CARUT, congenital anomalies of the kidney and urinary tract; CKD, chronic kidney disease; ESKD, end-stage kidney disease. Values in parentheses indicate the number of patients. Age is shown as the mean £ 5D.
“Data are presented for individual patients (deaths) or groups by CKD stage {alive).
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FIGURE 1. Kaplan-Meier plot showing time to ESKD according to
CKD stage. T= 0 years was defined as the day on which serum creati-
nine was measured that was closest to 1 April 2010. The 1-year survi-
val rates are shown for each stage.

‘Table 4, Risk factors for ESKD (Cox regression model)

Sex
Female 1.56 0.67-3.62 0.306
Male 1.00 —_ —
Age
Age <2 years (versus 2 years 9.06 2.29-35.84 0.002
to the start of puberty)*
After puberty (versus 2 years 4.88 1.85-12.85 0.001
to the start of puberty)®
Recognizable syndrome® 254 0.75-858 0.133
CKD stage
CKD Stage 4 (versus Stage 3) 1112 4.22-29.28 <0.001
CKD Stage 5 (versus Stage 3) 2695 7.71-94.17 <0.001
CAKUT 0.60 0.25-1:47 0.261
Preterm delivery (<37 weeks) 133 0.50-3.53 0.562
Heavy protéinuria® 7.56 3.22-17.77 <0,601
Hypertension® 053  0.19-146 0.219
Use of antihypertensive drugs 1.08 042-2.75 0.874

ESKD, end-stage kidney disease; HR, hazard ratio; CI, confidence interval; CKD, chronic
kidney disease; CAKUT, congenital anomalies of the kidney and urinary tract.

“Ageat the start of puberty was defined as 10.8 years for males and 10.0 years for females
[23].

PRecognizable syndromes included Down syndrome, Kabuld syndrome, Townes-Brocks
syndrome, VATER association, prune belly syndrome, Wolf-Hirschhorn syndrome and
branchio-oto-renal syndronie, among others.

“Urine protein/creatinine ratio >2,0 g/g urine creatinine.

4systolic blood pressure >95th percentile.

Kaplan-Meier analysis for the time to ESKD or death (in-
cluded as an event) is presented in Figure 1. Among 429/447
children with available data, the survival rates at 1 year were
98.3, 80.0 and 40.9% in children with Stage 3, 4 and 5 CKD,
respectively. The Kaplan-Meier plot and survival rates were
almost identical when deaths were censored instead of being
included as an event; the survival rates at 1 year were 98.3; 80.9
and 43,1% in children with Stage 3, 4 and 5 CKD, respectively.

The most common chronic renal replacement therapy in
children with ESKD was peritoneal dialysis, which was used
in 27 children, followed by preemptive kidney transplantation
in 16 patients (Table 2).

During the follow-up period, 40 and 10 of 315 children
with Stage 3 CKD progressed to Stage 4 and Stage 5 (Stage 5D
in 9/10 patients) CKD, respectively, while 38/107 patients with
Stage 4 CKD progressed to Stage 5 (Stage 5D in 29/38 patients).

Factors associated with CKD progression

CKD progression was defined as ESKD or death occurring
during follow-up. Table 4 shows the factors that were indepen-
dently associated with CKD progression, as determined using
Cox’s proportional hazards model. As shown in this table,
CKD stage and heavy proteinuria were significantly associated
with disease progression. Age of <2 years and age at or above
the start of puberty were significantly associated with increased
risk of disease progression. In contrast, sex, the presence of a
recognizable syndrome, disease (CAKUT or other disease),
preterm delivery (<37 weeks), hypertension {systolic blood
pressure >95th percentile) [24] and the use of antihypertensive
drugs were not associated with disease progression. The results
did not change when we included the duration of disease
instead of age or eGFR calculated using the abbreviated
Schwartz equation instead of CKD stage, or if deaths were cen-
sored instead of being included as an event (data not shown).

DISCUSSION

The main findings of this prospective cohort study in Japanese
children with CKD Stages 3-5 are that (i) the prognosis of CKD
in children is poor, as disease progression to a higher CKD stage
or ESKD occurred in a sizeable number of children, particularly
those with advanced (Stages 4/5) CKD, and (ii) advanced CKD
stage and heavy proteinuria were independently associated with
progression to ESKD. Age of <2 years and age at or above the
start of puberty (>10.8 years in males and >10.0 years in
females) were also significantly associated with increased risk of
disease progression. To our knowledge, this is the first nation-
wide, prospective cohort study of children with pre-dialysis CKD
to examine the risk for progression to ESKD in Asia.

The present results are broadly consistent with those re-
ported elsewhere, showing the poor outcomes of CKD in chil-
dren [1, 3-6, 11, 12, 14-16, 25]. In a retrospective analysis of
176 children with dysplastic kidneys and >5 years of follow-
up, Gonzalez Celedon et al. [1] reported that there was an
early improvement in renal function, which lasted until ~3.2
years of age, and was followed thereafter by maintained or de-
teriorating renal function, particularly after 7 and 11 years of
age. They reported that hypertension, albuminuria, number of
febrile urinary tract infections, eGFR at onset and puberty
were significantly associated with disease progression, Sanna-
Cherchi et al. [26] reported that the prognosis of CAKUT was
also poor, as 58/312 patients required dialysis by 30 years of
age. Elevated SCr and proteinuria were associated with worse
outcormes, as were specific disorders (solitary kidney, posterior
urethral valves and vesicoureteral reflux). In the present study,
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a sizeable proportion (12.5%) of children progressed from
Stage 3 to 5 CKD to ESKD during the follow-up perjod
(median 1.49 years). In addition, children with advanced stage
CKD (4/5) are at particularly high risk of progressing to
ESKD, irrespective of the primary etiologies of CKD. Further-
more, as in the study by Sanna-Cherchi et al [26], we found that
proteinuria was a risk factor for progression to ESKD, We also
found that age <2 years and age at or above the start of puberty
were significantly associated with increased risk of progressing
to ESKD relative to the risk in patients aged 2 to the start of
puberty (10.8 years in males and 10.0 years-in females). These
results may reflect the risk of disease progression in very young
patients with severe congenital complications and that disease
progtession may be more pronounced in puberty.

The CKD in Children cohort study in the USA [5, 6], as well
as studies performed in France [15], Sweden [14], Italy [11] and
Australia/New Zealand [25], consistently reported that many
children with CKD ultimately require renal replacement thera-
pies. However, renal transplantation was reported to achieve
better long-term outcomes and reduce the mortality rate com-
pared with dialysis in children with ESKD [25]. Although the
most comumon modality (51.9%) of renal replacement therapies
was peritoneal dialysis in our cohort, ~30% of children with
ESKD received preemptive kidney transplantation, reflecting
the current trends in Japan. The superiority and clinical benefits
of preemptive kidney transplantation relative to dialysis should
be confirmed in future studies.

The present study and the studies described above have
consistently shown that heavy proteinuria is independently
associated with CKD progression. Prior studies have also indi-
cated that antihypertensive drugs, particularly angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin recep-
tor blockers (ARBs), help to delay or prevent the progression
to BESKD in children [27, 28]. These drugs not only lower
blood pressure, but also have antiproteinuric, antifibrotic and
anti-inflammatory properties. In the present study, 28.4 and
28.2% of patients were prescribed an ARB or ACEI, respect-
ively, and 7.2% were prescribed a calcium channel blocker [9].
In contrast, the use of an antihypertensive drug and hyperten-
sion per se were not associated with progression to CKD in our
cohort study. In the ItalKid project, also an observational
study, the use of an ACFEI did not significantly modify the pro-
gressive course of hypodysplastic nephropathy in children
[29]. Therefore, in children with CKD, the effects of antihyper-
tensive drugs, particularly ACEIs and ARBs, on modifying
disease progression shown in adults need to be verified in future
studies. We are now conducting a randomized controlled trial to
prospectively examine the renoprotective effects of ARBs to
address this issue (UMIN ID: UMIN000006917, http://indice.
uminacjp).

The strengths of this study are that the cohort was represen-
tative of children with CKD throughout Japan, as the infor-
mation was obtained from ~80% of the institutions that
manage children with CKD at the time of establishment of the
cohort, and the follow-up rate of this cohort was 96%.

Some limitations also warrant mention. We classified CKD
using reference SCr levels determined enzymatically in Japanese
children. These diagnostic criteria have not been validated

globally and so the criteria may not be appropriate for other
populations, particularly non-Asian children. However, as de-
scribed in our prior report [9], this approach was necessary
because of potential limitations of using the Schwartz equation
in Japanese children or for screening purposes, where SCr is
available, but height is not. The duration of follow-up, ~1.5
years, is also relatively short in the context of CKD progression.
The pubertal stage of patients was not assessed in this study.
Therefore, to estimate the effects of puberty on disease pro-
gression, we stratified the patients according to the mean age of
Japanese children at the start of puberty (10.8 years in males and
10.0 years in females [23]) in lieu of the actual pubertal stage.

In conclusion, this nationwide, prospective cohort study
showed that 12.5% of children with pre-dialysis CKD (stages 3-
5) ultimately progressed to ESKD in the follow-up period
(median 1.49 years). In particular, children with Stage 4 or 5 were
at very high risk of progression to ESKD. Heavy proteinuria was
also significantly associated with progression to ESKD. A longer
follow-up of this cohort is currently underway to explore out-
comes of these children beyond adolescence and into adulthood.

"SUPPLEMENTARY DATA

Supplementary data are available online at http:/ndt.oxford
journals.org.
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