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Cooperation of Medical Care in Community and
Frontier of Renal Outcome Modifications in Japan (FROM-J)

Chie Saito, Hirayasu Kai and Kunihiro Yamagata*

*Department of Nephrology, Institute of Clinical Medicine, Graduate School of Comprehensive
Human Sciences, University of Tsukuba

To encourage cooperation of medical care in chronic kidney disease (CKD), a strategic outcome
research project has been started since 2007 supported by a grant from the Ministry of Health,
Labor and Welfare of Japan, and is named, “Frontier of Renal Outcome Modifications in Japan
(FROM-])".

In FROM-]J study, a prospective stratified cluster—randomized trial to examine the effective-
ness of a care system designed to prevent the progression of CKD through collaboration between
nephrologists and general physicians was selected. Primary parameters for assessment are 1) the
rate of continuous clinic visits of the CKD patients, 2) the proportion of patients under co—treat-
ment between general physicians and nephrologists, and 3) yearly changes in CKD stage.

The study also aims to encourage CKD patients seeing their family physician to receive nutri-
tional and lifestyle advice, while discussing health care measures to reduce the number of new
dialysis patients.

—83(1981)—




u_l lﬁ:ﬁfg gl\ Yamagata; Kunibiro

TR V5 4 OO PP PP PO
£35E - REEE, FEREL,
B % (FROM-J), CKD EfE{LFBi
s EEGE HAEICIX 1,300 FAZBZ B K% O CKD BE)
LTS, CKDIZKHEREDI ARSI 775 5 —T
HH7FTHL, CKD BAERPMY L7 DMEREDI R 777 ¥ —ThHoH I LPHL
%Y, CKD DEEEFHL T ZENEETHS. £/, CKD IBME, R
S, IR, BUE, REREELRELILDTEELREENDH Y, HFFEORERZTHZ
L TCCKD DREBLUCEEHILICO AN H 2. £2C, CKD DBREMHESE
2D 2D ) O E / EFIMEMED CKD BEOBR L ET 5 4H5 Y,
Thbb CKDBERAY P -7 2EE LAV TREREZT I LEFH 5.

BEASEA TIE, 2007 EEC [BRENERES] 2HBRL, DIAECBTLES%D
HRENEDH ) FILowWTRE 21T o 72, Z0%HICid CKD DY RES, EREHEE
HIOMESE, BRKEORE, AMER, BIROMEEL L4 %0 CKD M2 #D T L
33X COEEEBL LTEIFOR: (B1). F/, EFEAHOWENT Y b A ABIEEK
BIZHT AHIZEHC X Y 2005 48 & Y BAME S M- BRIERF e 7 —~ & LT, 2007 FEEICE
R A RIRL, BHROEELHIEOLOOFRE LT, »hYoE / FEEREME

1 CKD®ERDBOHICONT

(BEENERHARERLD YD)

492| BFs#E Vo115 No4 2009.9 (BErEHE)




CKD HBEHizy (FROM-J) &EESBEDRDIEH

EEWEMEOERE R EAET S LT ok

ARCTREHREOFTRBMSRIIN T 2% (http//www.mhlw.gojp/bunya/kenkou/
jinshikkanhtml 28) & &bE [FREBEELTH OO (Frontier of Renal
Outcome Modification in Japan : AT, FROM-])] OREE BHKIZOWTHRRS,

BRIEEOBWBERESRERE 25 D0%EHE LT, ZOFH, BEN
ABLUBROBOUEBENMAIKL L T, BROBELFIBEICHET 3Ty 224k
AT 7 DI 2 KB O BRERA ABISE & BIETIZE & 3 L7 V.
IHhETEHOHPETE, BRCESERODEEIMHENTE LA, Wb RS
DIEF VY ABELDTAR, BRRTIE, EROBEHEIOELNIIVFT VA% D
EiZLT, Bk o TR REBEIEMOBREBENEL L7279 b & AFFEICH L
T, ZEODHHEEEPHEA SN TE, 2OEBBON-ZEF VR, SHEHIAL N
T4V OUERRERITIENY, ZOMEREGERBEICKS 2 BB 52 T
DREETS DL ) RRWICEDKBERLERT A0 EF v AKkdoh, ¥
PV A% LT OBRIIRICHT 5 AW AR DS ) FrMEsh iz BEixgo
IR SR AR EOBMBRE 2001E3H) #b LI, 2004 EICRETTY 54 T
WERER, ERER, [SROTEPNEEESHRETNEDEY FICHT 2EMEES]
RBREBELT, Bl arRe LTk 2088 RAEEATIR, KEHW -
WFgeE i - BFgEDH A - BIEEMAH 2 EOBEN S, EESHHEHEOD ) Hrik
BL, HrzeB@lAO—2L LT, BRTHFOUTERT Y M AERZEFVET AL
WIETFZE > DRIRZRE. S5, TOBFTEWRICT 27400 BE BB T4
YT IDH Y FIZOoWT [T 7 b h AR IT 5HFE GLE : )i %)
TREMWTONTEL, FLT, 2005 E£E»S [HERHTFHICET 2 8RB [H3H
WA OFHHICHET BRI W UE D, 2006 ERED [HAMISHIZ | [ 4 LHRIHF2E ]
R &, 2007 SEEEC [ IRR IS RTZE ) [ B IRIETToE | 257 —< & LTHLY RiF b e,
WIERRZEE, EABHE LD S LOEHRD = — L& oWTERE SN FROFEHD
Lizdto TR RBOEBELED2) 2T, BE (7Y b 7s) BELFEEOETF
RED, TOMERREZBHEL LTEEICCTALT S L2 ML LTRSS, it
ROBEEZHREFREO—ME AL L Bh 5 AL, WIeHE, REBE FEsmos
FHEMCRESATEY, EETHECOVTOBNEM2EAICBY TV I ETH
5 (FR1), BEREEREECTARMOMEESHEN, EEAIEE~BEL, e
MBS ELBOONTVS, T, FIROEMEIBT AL V75 OEBICES LB
T3 H D BRBHIEOBEO—DOTH 5. WIBHFEICTELNIMEREL, Hogne
EFVAELTBEBRBIC T 4 — Ny 73N, BREOFTEERICOLELZ LT, &
ELEROBERZICESL, OWTRERBECHEICA V87 V2515 2 L AEiE
ENh5.
HbET, BRENERTS (BEEBH B) L LT SHROGERMEOH M
BEt&niz. %HTH CKD MEDHLREEEIFEEL LT, »h Yo EOR:T

BERE Vol 115 Nod 2009.9 (BIEEHE) | 493



,ﬂﬁzmmﬁﬂ

(%1 @%N&Eﬁ%ﬁ?@ uﬁﬁﬁﬁx@ﬂ&b)

BEELFABICIAT L ANVOBROEERZBHL TS, £0EL LREIX CKD
T ABEARPT AL LB, BESHCEEEWHRICT 57202, CKD T - #
EHLEOBEEEASHL, & CEHEERLOICIIATRELIILOE LAAFERER
o WAV TIATVAOALRE#HBIEEEIT) L THD. £/, HANEL
&L HAREEEESE [958y T AF—VYa V] ORERAEAGTCHALTE), £ETH
DEVEBERBLEIETE S L) RFEEMRERLZLPFEI LWL L,

= COLHLEEELERL, FROM-] ORFFEMAH 255
FRDM 4‘{935{?66&7,‘,’%% gE sz, FROM-] OWRE®ICHY, EREOT T T

- MERICBVWTE, 7 P F-BRASEHEB LR EER T oz, BRI 2T
Wi LC2&B% 42070y 757, AT L ) ZHMOBE L & HEE 15 OB
e RELEHLS. /- HAERMECBW TR, MEFREMSLZALT, BRE
MA~FE~ADHHEEZIToTd bW, PhYOTEOSMERURPITTd Lol

AABEEZ BV T, 2220 EFHABCHSESELERTEL LI, £&
BT A BIBEPRICOBAEZITTL S IR, MENOSMBAEERL T Lo
7=, BAEERLACBWCIER, SEREFEORFERFZLMH#S L LIS, BHEOKE
FFAF—y g YANIEAOW A ERE L, A% AFRELHE) FHERELTOARB X
CFE % HMAToThd oz, FNFNOMMIERCHRESE - MAFEMZITI L
LY, WiesiEe gD REREHIE ko7

INETOMEREELY, FHETBABED 0% %

: z b B ERBETES X OBERRARICE L, R
ME m%%ﬂ Mﬁ@fﬁwfﬁ BERE, RBREERICHTIRTOA FREE
Wl LR BAIIC T o T S IRk ), REMEIBARORIEELET €2 L
WHEEELAONE I L2, S 5124, MRHEEED & MBHREEE O RRMIEE
E@ﬁ&@%%%%%?kﬁTé@ﬂ%ﬁ;5$&®€ﬁﬁkﬁ%ﬁ@%%ﬁ<ﬁ&?
5 Z EAEHE LN S N, |

404 fEEEEEE Vol115 Nod 2009.9 (Br#EHE)



CKD #BghfizR (FROM-J) EEEFHBHRDE D HEH

&2 DPOOOTE/BEREMIEDEEZ{TET DIEMERRE
BOEELTFIDHDRRY AT LOBEREZRET 2%

MPIE L BREPIE ORISR

1. CKD 2 BEEDEE=®
2. MEQEEEFERR - 2o : :
. REASO%EDERE
L MEILTF= /ﬁQZPﬁﬂéﬁ mWH&%ﬁTE &
'.%ﬁﬁﬁél$%&wﬁaﬁ% Sl e
» ;MME%fA/hwﬁiﬁ

BlEX Y, FFEoBEaE (900 o E / B PE & S PR oM R+
HIBEEERRELEOEELFH 0D OBRY AT LOH AL RET M%) Lend
N, TEFEE LBRTFMEEFRESNS (B2, $/-20REL LT [BEES
BRI OMTE, BREEOEREY EIFs2 10k, 5EBOBIEARES 5
EBCTFU SN2 EABO B%RS LIEE T 5] 2 LA RSN,

FROM-] Tx& &% 5 CKD B#ix, (1) FEEIT40 5%
DLE 75Kk, (2) CKDAF—V1, 28L0°4, 508K
#, 3 CKDAF—V 308/, REAZAL, HE

MHAIVIEMEEZFELTWAEI L, LBEL CKD AF—Y 3 DBELEOEEIL,

CKD BEN S LICERENELT AETFFREARETH B &, 2007 412 H AR

KL VEFEIN [CKDBEF A N ICRENEBEOBIIFIIT b b B 210

JE - IS, RASHEEROBE THAI L L EERINE ol ~7,
 BEEABOREE, RREHETHL 5 EROFEETEAKEFNEL Y 15% B

b LWHEBSN, AR LY GFR OBALHEES 15%HE S5 20 I LERENRD

HELR, HAEMESR CKDMERERBERI—F U I/ V—T0F—% 9 BXU, R

FEERED GFRIETHEDF -5 L BEHLZEZS, 10%OHEEMEKL, 24T

2264 BIDBBIHBETH B Z L WFbPol. £ THED BEREHKE 2500 FlL %

BL7z WRZBABTAICN2Y, 491 B350 OFE, 2494 L DOBINE DL

BHY, 2417 BRI EGEEN (AR 12114, BE1,2064), 20084 10 A 20 H

LY ZNZNOMNANERIE, 2012383 THRTLIFETHS (F2).

melyﬂi(KD DIRAA FICHER L TR
S : ™ NAABL, PAABRONFIIMAT, ZBREXE,
Eﬁ%&FWﬂ%$M%m%%kﬁw,A@%Efki%iﬁ HEEHREBEZRILAAB
HO20REL, TOMREULBRIETALIZLELTVWS, AABEICHLTIE, £
PRAZRELSNBCZZ 2 RET 200X, »H o EEEREMEDHHE
B LBREESEOREE, BMBE~OEHWLERE - AFIRE, 7— 5 P2 S TIgE %

BHRRE Vol115 Nod 20099 (BrEEHI5) | 495



B2 FROM Jﬂ)\ﬁfﬁ

2008/ 10/ 20

BASELS -
BABEERE
- DHEEE

#£3 CKD2EERE

| tym
BMI < 25

e

BMI < 25

BMI< 25

s
BMI<25

CEMESBAIE

itk 6e/ B

CEMEN SN

18 65/ A
Wik 6/ BRH

AR CEBIR
0.6 ~0.8g/keg
k& /H ,
s g/ HES
L RASEER
06~0. 8e/ke
%is /B

 EAUSLNES

EARIECHBIR

- 06~08g/keg

#& /B

ﬂ.f,—ﬁJUf?AIﬁla’“zﬁ

REAYILGIR |

: ,Eéﬁw/g or

130/80mmHg
il

1 :30"/80m'mHg’

1 30/80mmHg '
Kites

-1 30/80mmHg

:‘kﬁﬁ

,mﬁj U LSRR
iz 6g/ Bk

1 30/80mmHg,

R

CLLEW

: 125/75mmHg

=

496 | BEFSKHE Vo115 Nod 2009.9 (EHE)

HbA1c6.5%

R
HbA10B.5%
R

HbA1c6.5%

HbA1c6.5%

LDL-cho
120mg/dl’

i
LDL-cho

120me/dl

S 120me/dl

LDL-cho

120mg/dl
E e

HbAICB.5%

2012/3

BHAMLS
DFREBRR

EMAMBI

DERKR

- Hb10g/di BLE
12g/di R

Hb108/d BLE
12g/dl it

Hob10g/di RLE
12g/d/ Kl




CKD ¥iBEfsR (FROM-J) SEAESEEOMDEH

x4 BEEFE~NOBNMEE

»1.mgaz+uiizmm§a#osygmut

,z,m§a1+uiwomgm1+ux fon el

E 3;:‘?E§ GFR <:50mi/min/1 73m e

4. 20l @%#M?&ﬁw#%nf'
FROBEETo T,

CKD B A FIZIX, CKD A7 — Y ZLICEEEIE, AFENE, IE, @ KEL
DEREE (R3) *, BEREME~NOBAOI A I 7 (FR4) FEREIhTEDY,
iﬁ%ﬁmmﬁmﬁmf%@ﬁﬁﬁa%&%&ﬁﬁ?%.

CKD W2 EDTWL ) AT, TAF4 A NVORE
bEDLOTEETHA. Ficfilihs:, BREMNERTED
HEEDOLICH, [CKD ICHT L2282 M+ 5 L3k,
BEVHOCERLTHRET24:01C, CKDFH - #BHIEOEER 2L, AHigE
LI DAEERESER, BEQ Y T54 7V ADM LS 2L R ERELTD Z LD,
PRAERT, BN, BHEBEIZOAAFTL AINROONALBETHS] LRIBhTH
2 10)

FROM-J 2B BAANADKRELEHRE LT, AABERRBVUTHIPIDTEDND
BHRBELVHENTEMENMANIEEEITH TEE - AFIRE] 2*H 5. FROM-] D
ZMBORETE, BEEOFHEED > THEREBRILEE, HrVIEEREBETIRED
EFTHE, ) LIEHENEREBETOERHILZ BT 201202, BETsz L
7 S HERE L T LD B HEOMLPLETH 5.

SEOMABBRTEIEFREOAICES T, EFEYEEEBLIWMY AN, (£ &%

BRE] Z1H30ATIAATLIRMRLTIT) Sk & Lz, ZoELERICHE) O,
BHIRORBr 7 AT~ a VBT AEHEFELTHS. ERE LTHREIINY D
ITEOEREEANTITbNE., ThidBMETH S CKD BEVEHEL (HETEXL L)
WEEEZNL L LB, PRV DOITEBLUEEEELINBEVOESAZLAZI LI Lo
T, YVBRO®XEBIURHRELEDLENDLH 5.

ZDIBENEE FROM-J IZEINTAEE DN A BEICHEICRET L0101, B8
TEOBEAPATRTH Y, SHEO 4 - EHRE| <&, ITFENZoREEED
BERIBLEZRETSF =y 27X P2ERL, BEIEMOBWEE DS IFICHEEEE % 57
TTWSHERZRB L. LD DIJEHELE, MESHE, Bl EEEL S WIEMICA
BEOFAZLT, BHoOCKD DEBRHIL2DETI L2 L VBEBICLE Fv 2R
MIFERERELEZEY, BERHCRIFEZ2VWIILEEDONS Y AREZBLLEES, &
MESDEETHUIEELZER L ORISR T 2RBOEEFEZBERL TWL.

BRREELFH OO0, £ - ARBEPHEY R
L TAOKRRNREGEY 2 KBRIRREIRE, R CLEE
HRv, FROM-JIZ& ), BHBOETZTHL, RREETHSZ5ERCTFHENS

BFHEE Vol115 Nod 2009.9 (BREFIS) | 497



BB A BERD 1I5% Mo B LELELABTIE, FORDOFEELTOR
PEE LR FTIBO VAT ARBHETH LT, 5%0 CKD BE0FHIREINS S
EMHFHEINT NS,

CHR

1) BEBERS7 Y b A LAREECET IMER. BBEMES 1 KTy 2. TR 18 £ 3 AR : 2008,

2) The effect of intensive treatment of diabetes on the development and progression of long~term complica-
tions in insulin-dependent diabetes mellitus. The Diabetes Control and Complications Trial Research Group.
N Engl J Med 1993 ; 320(4) : 977-86.

3) Bakris GL, Williams M, Dworkin L, et al. Preserving renal function in adults with hypertension and diabetes: a
consensus approach. National Kidney Foundation Hypertension and Diabetes Executive Committees Work-
ing Group. Am J Kidney Dis 2000 ; 36(3) : 646-61.

4) Maschio G, Alberti D, Janin G, et al. Effect of the angiotensin—converting-enzyme inhibitor benazepril on
the progression of chronic renal insufficiency. The Angiotensin-Converting—-Enzyme Inhibition in Progressive
Renal Insufficiency Study Group. N Engl J Med 1996 : 334(15) : 939-45,

5) AKEBRSPS, #. CKDBEA T F 2009 : 2009,

6) Hatbesma N, Kuiken DS, Brantsma AH, et al. Macroalbuminuria is a better risk marker than low estimated
GFR to identify individuals at risk for accelerated GFR loss in population screening. J Am Soc Nephrol.
2006 ; 17(9) : 2582~-90.

7) Yamagata K, Ishida K, Sairenchi T, et al. Risk factors for chronic kidney disease in a community-based
population: a 10-year follow-up study. Kidney Int. 2007 ; 71(2) : 159-66.

8) Imai E, Horio M, Yamagata K, et al. Slower decline of glomerular filtration rate in the Japanese general popu-
lation: a longitudinal 10-year follow-up study. Hypertens Res. 2008 ; 31(3) : 433-41.

9) Lewis EJ, Hunsicker LG, Clarke WR, et al. Collaborative Study Group. Renoprotective effect of the angio-
tensin-receptor antagonist irbesartan in patients with nephropathy due to type 2 diabetes. N Engl J Med.
2001 ; 20 345(12) : 851 -60.

10) SHOBEBEEDS U HICOWT | BRENFRFSEENRES. TREMERS 1 2008

498| BEFSKE Vol115 Nod 2009.9 (BrHETIS)



-
.

TOBREREHE KA H

Kbt L7-5Em

2>
nz

U

H &

REARFERFRNMB R
MRABKBWNHAEZHE
BRREESTBHER

.y
LY

=
(=]

REABHE PEEBRERERTAEERIERZFD

LR
@EHKD

®

WINTEREINSZENEL,

TREZ

=0
it

T=Ah

CKDEZ#&i&

vol. 3|

HIELEDHKRFTH S,

5

F

BICiz 3 &FE, AERNREICIVERE
RS 2 EDH BN, 1+, 2+HEEORELTIE, &

READRE
@EAROEICIE. EFHVAE. HINR. BREREOR

=1
G1]

2

BEUTHSORERRMEE. BIRIMABL. BELE
OLTHH BAUEBTHNEERROEBENBVEL.

BHREDELLAE— RIIEL L5, ,
@MAEINITHERRM EAE 2 BRE . BAREM S BRBOR

BEeBNY S0, RPSE—R. R, REAQ/RPY
L7 F ok EEAOTHET 508N H 5,
@ERROFRBZIKICHI=5H', KHAEBHEL2OEX

i I i A {0
oﬁ :/Eﬂ
B N
WMMfﬁ
SRy
R
ca¥ e
ﬁﬁfDT,a&
NEE | f8
mﬁ.luﬂ\//ﬂﬂL
RS Tz
FUR O
ﬁ%mLHmqu
SESLEER
E;;%giwm
ﬁ»o%¢mﬁwﬁ
HeSuES
mmammwm%
VIR
CR A TS
NamoO< &
itﬁ%mﬁ

(S4B ER¥H" MIHIHK]

XN | > RMIBOEMNIEN
BRI + 49 STHE U 52 3R
TIEE | o ECENVIEEH
SYITHE ¥ 2 0@ P IHRIE I 487 K
BERCOHMVELS ORN LR
S LS VR RESNLK
Hw U ERNWIRRN P 1S — i
B PORHERe S’
REE . ERVv2EEH KR
EEEC

I | QK \ M Qs°
IREIEIR © fR — o~ 57 i
RE(RE-T ) HH—ooN
SEmmHg, SRR\ R® g s0°
v © REIRRIR S °
EHER © BXE~ - oo’
BEDO (n+)” KREE (1) &
moswoo” EL.cu\J”
PR XS o~ an\ [
Alb = - —a\JF” mpzJy - ©
ENT 5~ EE\3T b<e-
wEN\Y E~<omEq/ ¢, <
<+ 1omEq/ ¢, FON~oEN
T mAR-O—~=oL PN\ B

FEERE—-c0F\I°

KER S QIS S
I BENEST KRERE (F
RIERKR) BV OHRE°
A NRIN (5) RO
Y05 Q BRI (eGFR)
BE - 0oBNRN—~ - REV O
MO ORI o LR R
FHE D O WS LR SEER
MW DS DR U0 L RIER
BEREIVFEHRIER OL°

KE Q o {SHE IR 3t R
PE - BIHWRNLERD” 4 B
MRARC MR WK IRIER
S5 JORE W 1D R LR R 48R0
WP HHRER | R QEEK
SHEE” P \Y NI #24on
QLR KREIVRESSERE
B ErQf~'X RERIZTRIK
BHOMROMNL CE R RE ™"
RO BEEIRMRS N T QAL
L B EHWwHE SRV VK
BN (i) °

HFRER | REEVBRE—~ - o

No” RN (v+)” BREmE (1) |

BRI R S o ~E\RE
I (+) BREDH (+) V7
KETREZE\ S KES S -

|

43 { BAESHE No.4427 (2009 F2 B 28 H)




PR
FRICATOBMmIK - #iE, BEk

SEADTHDIEE
REBSE

BEHE—FRTOHIR
PHE—FRTOBIR

FTE
IRPREAR

REAEMCEETOLER, MRELFIERE

BOR, MREERE
FRILAR, RERE, MOKRBOEE

FRA#& M+,

FReNAG,
"E

=]

ExX

RRERBORALRE
YRR R B,

&1

Faks - RA
FJ8aE2R

RERAMEAR RIREFEA,

RELIE)

-~
~

FRIEEMEZAR (FanconifERR, EEBFH).

NRUAYa—>rAEBER
SRS

EHUEOR
NETOEVER,
RERBIVE BE Hasl

EiutERR
FER

EE@QE%
ERHEBR
BaittERR
BHEAR
BRUEERR

0B\ FRO REONSR
e oo\ o - SR
RA° w4 BEEERIEERE

2R m® & Keith-Wagener
RESK|VL O L (H—)° ¥
BnREK B dralin Q i
QBRI R 0~
Sh o XEBHE VOSOH
TEPRIQ LR O L° O
MREK LS REO— - ©

B\ M 480 1) U RRAR O 42°

BB R 10 F8 FDZHER A e
| HEIECEE © 4KE T 4800 1)
ROT RN LR DKL
# S -0 H LIRS S

OB RERVO VORI
RHOEM&Q” 1F & HEE I
I ER T R U T B U RER
SEMWRL" MR 3o
el S g SSHELY - ) R e
£2° DR D H-Hpie © BRMEI (— 0™\
AW EHAsQ) 2480 1)U RO K
FHET A9 00sK BT S © dnskay
KoR v avssR O L° <y
HEROH EHENEORR/UM
RBECHE VB 1)V D 2°
$$507 | BESEHECHER Y’
TRG MR 1T — B0\ 4 B nQ ERD v &
i cRS” it to - v
o0\ RN R ORIS A0 1) U948

i L
S 4% B HEER
P NEQ i
REBOR WS

B

07 | AR ErHE
S #EMISSO0 L dn
% 10 SR o LA
Wmm Wm, e 4000 HraH
%% o baduc el el
w gl SR AR
ERE  L0SVEEES
MO gmaasvect
1%% AVISE S EUR S
Hfa mEUMELER
i
£ .0
mw
&

BEHE

O ERIEREIUE VRS
ok I o0k
R 0 ° RED - EXORIR
REEIOVLS” BEMEEC
O S B REQ 4 (BRev)° 3
REEHELBRPNONN E
FCIRMMIREIRLLR O L° K4S
BRRR O BEHErEIE (8
FHETEE D) kI D48 SR AR
Q420

WO BRT FEESEEEBRE
DV LBEYS XN TN
it BRI ESE MR 1 40K & N
B NS NN D K E RS, Y
O » NENRN\— - {RF
RC SIS0 () oo BN
RN\~ - RE B () o -
[ IERRWHEL® _
L [ E MR E R © IR RO
AN NR SRS NN X
(Cer) B - @B \R RO~ -
© 00 \ [T {48 8@ 1 J AU RS ) 490
iS5~ - EE\IROKROR
X eGFR (8- 0 B\ &R\ —~-QE)
AEBQ ORISR XA A
SN D X%ﬁﬁ.?é&‘ eGFR
BHIF-EFKEES Y SLIVRER
RR° 1R Coro0mmidN{”
B KR EAA$1Q°

BAESEHIE No.4427 (2009 %2 A 28 R) l 44




®2 RAREDSRIARRGBEBDOIER

BERD/INZ—>

- g
FELERIRAE GERE) EEROA | BRRR | BROE
—RMERERIAR B '
WA RTO~€ | x70—F @)
B BE x70—1, EBHEEH O
[OABfE BHESgR 70—, BEHEM%oR A © O
FEMEIETEME B A x70—t, EEER (@)
BIRARIRAREIIE 70—, EHEH © O
F BRI R 2% REETEE R, BEg4 xT7o—+ © O
TRMERIRAE R
R BE x70—F ®)
W—T AR EMBA, xT70—t, #EHEtEhR (@) O O
ETE{LE BMBX (1g/BKH) O
BE7I0q N—=2A 70—, EEHBER O O
O ROE=EE, O HEE o BEE KL #H
%3 BENBEBROBRREAHHE
® Z EHHE
HEROH 5158, F8. BREE, | SAREMD, mERRK BIER
KEBIE, Bipg, BSRAEA S9ivE, | i, ARMOR, {thiEsRiae.
O MO—-UAEAENE, BE | BFRE ~avy, BE &
DAz, BREILERERES, |$
IEBNE
X2 B4R
DECIRBECICRE o e RIRIE (%) &, ZIFERLARTRK (KH) PEHEAND. RIEKG
DOEIEEIFAHL. RABEOEE., MEOHMIEE432H5 (PASHEE),
CEBIROBPIRDIBEARDD (5RH, PASH:E),
B OWS0%ICIRMILERD D, —BICEHEEBEREDESYIRMITTRE
Bbhbhd (VY fNoO—LERE):
45 AAESEHE No.4427 (2000 &2 B 28 B)



FHCEK RO K< LikdE
BRI N N 45 1 440

A 0407 BB MK EE A
P UMANKIN—Nm " RN
—o\ MmN S EET &
AR B RN 2o B AT © IR IR G
fagre°

5 = e |
wwum # & |
Rig K€ (¥ K
R EE okl |®
ﬁ@%@/mim .
Wi (el o o WK gn | e
3~ﬂwmm‘wmummq\ nA\ﬁuE ..WLA\/
AT g I T LN
R e I IR -
ik e |TKE o |08 O ) iE X
KB | Rk R MRV IHD
S8 T s
Oy | | = °
O gl = >
*9 <l w0 €
Ve @S ' T g
%Mmmw M & |5
- ha 1
| (# s HE %
wE| % & [8K|OK
=B
3 ,Eﬁ
wmﬂaﬁ ! B
m (BE|Am| T | f |
< WQival B e
s W o® | 8 | =

¢ REICLEm

KE QS EREWI IR
B o RMEVREHES wREY
gk SRR L7 BB
B S~ R GKEN I Q°
W QR MBI - WeREY
SN RIKYT R VEEBES" )
w IR ER RS S O R CERMWY
£27 OB O L°
CEHEN HHMERRER
mnE S Hkv-oV Bme
PRS00 L RKER - =2
EQ EHENCREWEIE N LY
DA )AL D QUL RS

QK R
Bok &
AR STt
I ot & & S
8ly58 = &
% =R = | B
by ~ N N _
= © W BN 1@
i H | : ® I
5 ZgxN X o .
X - Z v
Mo vx & 8o
M gy K EH
© ~ X - I 38 B
- N8 S AR
mHRTVNEDD &
— I @ O K [T E B
© @ ® e

&Rk Hrigi O MMMk vie
) BRI I -0 MER
WS JrE Sl S #RIV7
WO | B e @ g S
ok O £2° MRS © HEFK 6
=7 o LIk AT Q R TR
QAR T IRAILQC
QbR - tHHTIHC
FrEmEkal 57 HRE O xXEKH
HOLVERON BHRYUQOLY
B PURSO SERYECAS
mROITENS VRS MRS
BEoSRENKCH-R ({eitikE
| VB~ AWEL KKV OE
R WIS SHwWER
SR OB QA Q HHESmEk
W O 42°

@4 I
SEpImIR ) Q ST st
S HHORIAE S I AHIE A D7 4846
S PERSHBHREC R BE L
BHSsROI-S—EMES-BEN
SNmY QE kMBI L &
P BHRER (0w \MIKIE)
S Iz © LWEE O L Er
P 548504 ) AU RO D4
1) © e SiHNE - MERIZERQ
REGPRER ORI D7

#< - RESH®SK KERK

R { VRIRONC

© Oz Ty
ERVOEHE ~<+w\ mm
Hgt” HMREGCEHRVE I
TERRE—wcoF KESD
mEq /¢, BEmMDZaomo @\
o BRI S B\ F a8 O 4°
HH R ORI —~ - cave\m”
KENaClmsEig o - oo\ m’
BRI - wo\mbes”
HREEVEARMSRD > —QHEIR
Yok QS 7 R e © Mk
Ao « o— - coto\ N\ mit
MUK S N°

PR OV EOMEY QO SV
B URMYCHRER HiE
WS s Yo mEEEH X © B ) TR
SV ESRDVURERVAONINLR
U EEW B HERMR e
[SEVEVIRFIL

Y HEHIO SV
BriEtd ) ag Q@ Hr s SR ot~
H-4r iR © B IR AN/ 1) © oS
HERUROWE G o
QUB RS W AR
IR -PHE Y 48 Q° KR v B HiTRD
EOHH MR BE Himid
= HHS—~<wo\ EmmHgi
s - O NS E S WOURR

BAEEHHR No.4427 (2009 F2 A 28 H) } 46




RE T30 B O o FRER A B EE 52 © DK
REWRED <k EHiEy
BUERARQ 1) A DO

BECHEUAMILOMVE ~<
NPEEHIER S E T N ADARIRNA D
A EREEHTRE (<xm) N
NINATIR N DN DN RS ER (com)
S O ST EroKERE S
EHFVIPNORL RS KEIH
H-Q Ersf iR |- R 4800 1) U R Q7

ETEIE

)]

8L
{FREECrEE (mg/dl) XRE (mL)} /

A

(kg)} x 6.25 F7=i3RFBUNHEIE (g/

H) X6.25+15
FRePNafb#E (mEq/ £) XRE (2) /

{FRehBUNHEHE (g/8) +0.031 X K&
17

{MFECriRE (mg/dg) X 1440 ()}

&6 24BRMEBERERD 5 OEER

B

Cer (mg /%)
EAENE (g/8)
BIEENE (g/H)

Mgl 44 5 < mMavER 5 5@ 1)
VAL RRRXE2QPR_NSEERE~
EVELZON® <xmiIRaR
MRHKVSEHE~mo\ R
mmHg Y- L-08 Q7 miY
CPOeRKiEEHB~<oN&mm
HgBRRIIFLERULR M1
NN SN M B OO0

L Sdid € (PN QRN

R BEoRmmY” MWHER
EH—~omoNEmmHgER ¥
#BirEH—~~o\mmHg, E
E— - BE\T mA-0O~
o\ FEIT - o MK
EEVEIEERE—~ oo’
BESTmEq/ ¢, BEMDZ®
NSNS BESR - ~EN\T
B RIS B N\ D a8 O 2°
RNHOEHK KL Cer T =B\
R(EREFEEHESD)” BETD
o - 8eo\mI” KENaClmsHE
I - woo\m" HEHIEE T -
o\ M4 O L° SHEmE S H
¥ RETDCEINMRR/NLR
A == O i 48 1 S B A i D
FRPQLR IrEBPRMIZTER
BKOREL e KRN QIS
oAD" MR KERR N~
BN OWERO°

KER Y TS S
04 S w40 R AL R8s F o B
EOWEHEROEEN S K
M e © BARML ORI R
I RBMIATERREV R &
RO ER S W SEWE oL R
NIRRT RRAIDERINWV o
BT M-I 48 0°

@4 - "EEL oA
SmE B ER AT L AR ° dH T
RISE QI B HE R
® RS REE e s
R fERES D
RINST R2AU-PEER D
KOHEVENYY AR |-
SHBHBORE OV S |
SEVESS] ST Y .
C EERISEE O ST DR
WP QE MW R B
B 4% 5 ikl
EMECHMO NS BRS |
BEAIE o R —EE |
I ES 4B e© L
- BREED HHn N+
—RUERVESVEEE Y
EREHOIEINRK-2EEL

60

- B eg@gleus s
gangzit=S i k.- SR RVIVAN Y
ALYV BHRER Zi
S fmimh W e Ay M B
I < - oot \ BN\ mEd i
WRT ERSBRuR
QLW SC

@EHPI NN —2
CEESEHO NI N~
LiEEK 80

 EHHENmEORREES |
HRD P RRES [

HOI L4 n@°

CERT NS0 — X

EE BHECHH Eiy
HRIEY o0

- BIHER D REOEJNRK
IERBNIEERK YO

£ OB VR |

| B A Q°
EEI L EEE

NAR-OEESN QIEEY |
WECIEL B & Ngan |

B S R T R A 0@
- HYIRIAE © HHIISmE R o
0 R T -0 K & 55 B e
REEE IR BRRE
B0 00

47 lEﬁE%%ﬁt%A@?@mmizﬁzsm




32 20094E11 H 198

ERERACKDOEREER, *EETLESRD)S & UL NERE
CVD)DRFE - ERIHICHD . CKOMRIEHATH . LD Ui CKDEED
BIERICEE DB o TEE T, MO OYELH

ESHCKDARDRDS

RERER - ETREG0
BREENSYISEONEE

P i, CKD
LS AR
HMEICEEES |
5. Ay oTE
DEEFICLRE I
LTETVE ¥, N
FD—HT, biF
ElBiTaEMtE
BB 1320084512 13287F Ak R
L, BESESEFEOTC BV THRER
shtwedd ). .

Zoc4ENE, ARERETAE
BEMEQREFICBET NV
&, ColRrEREMrERINLED
RO T Y A% TS
Ehh 6, CKDIBROSHDOREIC
DONTEHLAVERVES, 7
HCKDIGIROTIRE, FOWREED
KBTI DV TTEAL IS,
PU% CKDIZ® LT, v=2¥-7
»IFF U (RAVRIBEETHD
Ty EREBEE(ACEHE
EFLATEEHIEHEARB A
W HRIERE, AT EHAVWCIE
BT, T AWRTF A
(ESAS)IC XA BMOERE, HEH
B Vo LBEFTLATNT T,
MAT, LAYFEREOBREEELT,
BOBRERC L BREFRAHRIR
EAHIET,

CKDTH, BARRDETICL-T
A FEFUAERBRYIILDETLR
FEEFEHSN, BRINACRERE
DEL U BEREOEITIZORNED
LWVIABBREAERTLIEEDRT
E, BOEEREE, 1Y FRY
NRBRORERYE A ~ F— VR BN
TR, EHRCHRET A EICLY,
A Y VR VVERBREY ARK

REFR

o

FRICETESEETE2). TD&L
SBEObE, BORERIIIRE
FEOERMEFAEORTOEERE
WhisZ LT, BREOEITINN
HFHLTWREEXOLNTVET .

BHE~thHIOCKDEEICHTD
BORAROBRENRENR
CAP-KD:RE&

RE SURFRLIETREOE
TR R HE Lo OSBRI
REEHER SN MERE, BEOR
HEAYERETH S ACEREHESL ARB
e EORAFRBEEIC XD RITHE
BFIFbhTnEEATLI, Ehis
Mz, #EROBRRE TS, F&8»°
g7 L7+ = (SCr) 50mg/dLEL
LORGRERLSEERLNTS
h, BH~PHICKDEZIIH T 54
EFERSOFRERALICS
NCHWERFATL,

FIT, B~-POCKDICHS 5
BB AEEOF AR RE LB
FERIFERFAEA T S Carbonaceous

ERN misnsanons
FA)
300+

250+

200

Bcdilii]

1504

1004

504

O—wu.ngg};’i%gj‘: | ! ; ]

HEPIEOBREER

HIEENI
BENGE I N R B S R

Medical Tribune

oral Adsorbent’s effects on Progres-
sion of chronic Kidney Disease(CAP-
KD)REA R TITbN, £ITHH
EARRINTE L. TOMELE
B DOWT I L FES v,

i CAPKD®
Exl3, ACEMEE,
ARB & 355\ |
RS I RT
V2% SCr 50mg/dL
PLFc20b Lo
REMETR&8E
460M% HEUIZ L
ZHEE AR A LT R
BB T, XIREFY ACEMERBL
U/ E7ZARBOIRS, BLURSE
R (BEBIR A TE<08g/ke/H)
WX BEETRAR R ST ST (BEF
) &, BATREICEORERE
LAYV 6 g/ AR SFRTHROR
FRBIEESICEHNSITL, 568
FMBERL 3 L7c. EESHBEER,
DIy FEENEA BRI OR
£, @, @SCro 2Ll
SCr 60mg/AL~OFEDOWT I, D

TR

£82.622

{

WMELY FHEAYPEL, BRKEFE
HEELTIVLTFZ Y OYTI R
(CCr) mREBFAVE LT L E L7
FTOER, TETMHEETHLYE
S FHFEAL L MIEEZIZEDS
HEHATLAI(EIa), RIKET
{iEECHBCCrDR—AF A D
5T BLE BEFREREEICHK L,
BIVWCGEERHTHEIIBETHLH S
LaRERT L, $, MERIR
BB E(EGFRIC L 2 E e
BRI LR R LTS, FOREFE
BHEERRIEICH L, eGFROE
TRERCI T2 LMRENT
L7z(BE3b)e
4H# SCr50mg/dLLATF ORI~
HHICKD T, “LBho+aicifiRE
RTWABHICHLTD, BORE
EABARLEOETEIRILAZ L
1%, EhDTEREVTIR,
R BEfEhaEiE, SRS
LIS E T OMEIBEVEIRE
S BOTTA, CAP-KDREEIZIE
Lo kS ek FPEMINI DT
T

L B0,

(A RFERAN | DA BRI AED SR (20084127131 B )

{Niwa T: Uremic Toxicity. Indoxy! Sulfatel
Textbook of Nephrology, 2001, pp1269-1272)

(Niwa T, et al. Kidney Int 1997: 52(Suppl 62): 523528}



|

BE BEEOEVHLNESHE
CETBONDS, EEREEOER
WPE DA AR b0
-, MEOBZEHHBRENT
WBEEXET, 20RO, BRL
DRITFREDV BRIV EP o222
¥, EEFMEBCBVTHERE
% R ot EHO 1 DL ER
2% %3 28

L L L—H
T, mEEE ¥
BEEERRICT
STk, BR
SOMEFFHIIHIT
X EFRDT
FRLAELLELD
DTEERTLE
Adpe FhEL DI, BOWBFED
PP EARERE T 0% &% BN
FEHTREVIERIE, ShYOLT

LRRE

CEOEEFICHT MR Ay E—

P hpoltEBvEY,

EREMNE-DDDDIED
BHERBETHBEV AT L
BEA—FROM-JOES

EH DhbNERERIMESH
1,300 MR HECKD BHAEBHT
A LEARTERTH LD, b
DIFE DL HIZIE L CKD BRI
BIL TV S edRDBNRT
W, FIT, BEAFGEHEOHIE
WF9E0 1 2 C3 % The Frontier of
Renal-Qutcome: Modifications in
Japan(FROM- J)7T2008ﬁ44 Ainb
BobhELE, ik @E{Q’}&Wc?‘
BB £

W FROM Jid, iJ’i»bobj‘F“jg
lU#F%‘ﬂ&%F‘]L@%&T&%‘E&“
FIRE OB HEIBET BBRS AT
LOWIEE, TOL AT LD
FRET BT EHMBH T

‘“DJ&%%EZ

B in=231

Medical Tribune

R E

FWFFROITREF2404B02, ¥
SAZ—5 ¥ MU I DEMST
BB A ABE(L2118D),
ABEQ2028D8IY TN FL
7o AANABIIX[CKD BN A F
2009 1(LF, CKDBHEN 1 MIliE-
7EEE R 4TV, ST ABBHIIECKDE
HEH A FifocigEIcmz, &8
AL ZAHIBEE, SSHREE
Figk Uy — Il X AREEIREER
LET(E4). EEFMHEBIEIZS
#EeR, LU OITEB I UIEER
HPE & HPEOEREER, CKDO
AT—TRITETHY, BIKSFEIE
BIZCKD&EBEOEHEL L L
TwvEd, FROM-JORFEHIEIR,
CKDEZ#ET A4 FOMTFRE, ENRBE
OERER LA EICED, 54
HBOEREABE L TFIMENH15%
MLSEBILEBNEF
B2 ML HESANITITIZRE

DEBREIT I TTRG, b
DWELB L UEREBEMEDRER
CEBHEPEEOMES, TAF g
N EOFEHEA, EOBFEORF
DRMBEOMERLTVET,

IR Devins GM.&ICEBAFF A
BEREUBETREBELNRICLLRH
HomEr i, 2RO -2 ay
T T EREDEAIRE R T, £
DHRIFSBENCIEOEFIBE LIS
AT AIEIZLD, EFEA
DT HEESNDZ EARESN
Twvid, FROMIZ LW B#HO
CKDBHEMHRTHY, Higehirid
AEEVIBODHDETH, LK
AL EEIEL YT T,
#BEF FROM-JiZBWT, SOWF
0L ) REETHRGEINLD
T b ,

HUi¥E CKDE#N A FTIX, 25—
T4 PEOCKDEE I LCEOY

FEEOREFHRLEINLTVET,

2B
o P=0.g, logrank test
.08 — T 1 ¥
B 10D 200 360 400 (8}
’ SEPERER
. eGFROZIMEE

'n(:m {35%CH

0% 52{6): BE-g8HC AL E,
4 1

BLMER
(=231

iN wif‘\?

(1 Linear Mixed-Effects Model

a2 40 48 56 W

w Dis ZO0% 54430 458467

L7zdioT, AIABBTAT—Y4
L0 B EOREREOESH 7
ENTWHRWIEFTIL, HEEDOER
SRR D L VIR
DT,

DEEROBRRI SR
BOMEEONI ISR

BE SORARIZLLHREIION
T, $ECHFEIRTWLRIERT
EETh.
43 ZhITo
BEOREREE v
7o¥EHE, BB
5z 588 R
LoV KEEED B
THBY, LEex
LT 5858
5250, Fa
IR TVWiEdh oo LIt

=35 28

L L2edss, ColFEmMEReE
DOEFKLA, BORFEOLIEKR
D% BB OV TRV
FLTWET, ETUBEEETT I
Sv b BV oK T, 80O

Y} sminnrroM-JORBT Y >

20094115 19H 33

OO HNENIETVRICEDICKDIEEE (&

AR MERE R, REHOE
b RFEER, LA L AD
JOEFIHIL, SHELEERED
WH(ES), GHEHILoEITEN
s edmshELsiz.

W A > FR3 2 VERERIS AR TFiE
O IRETLLOHMELDY
T4 OT, BURFFESEMMEI
BirsmiEELREL, oIk
AOHEEICFE LVEET 5 T
LafpEtEdbEZ b T T,

BB BIOWFRLE, A FFIL
HEBEO KR P, KERMEALEY
(AGEs) # & T 2 W Bkt b igiE s
nTWnEd, %I LAEREIC
b EMRREE LI &0
WAL MIBITACVDERE - i
BAZH X588 BT A2 REOE
RERERIMTONB T L IERFL T
vwEd.

®FT  ABIICAPKDHERAH.GIZ,
CKDIIH§ ZHEFRERIZOVT, &
FETLAELLTERLVWALZE
F L7 SREOFHEARTL, »h
DR DI EEFT O CKD HFICIA OF
L Tua7Ariud e od, 4
¥, BB YAE I T EL,

Eﬁ%‘?‘ifﬁb"ﬂnk 2l

TIAABE(CKDERA A F2009)

BISETSRNAACIIILNEIRINL LT

unuu:unnnxb

STABB(CKORSI l'~2009)

€ y:u:uuunnn;nuunnuunxnuuunx

Ui HF - Aigg

e

3. BREEMEADORNY gﬁkiﬁﬁﬁ'ﬁfﬁ%m
Uz h‘\bé‘«iﬁétﬁ'\@’ﬂ@g?&mb‘ OOUEN
TRty

S oRLEEN '

sy e

EOENBe/ A E 1008
R0

E mearvt 80
{#En=6)

0.25-

o

1Y

[
?

015+
0.0-

0.05

Q"EE& x

ANQVk Turt/e( kmmrr tesl 1 LR COOSSOBRRN vo HED, *2 P<D DS(EQ?‘ vs FIFEE)

Fenryrms ey

m«&w Mfﬂimm

’Jb

52 FARFREBREITIGT  waodware I

-u_

n'fmuzoemg
o WNAE2y
REFERY
P RATUIARE)
@ - HEAEN
AR PARA-5-1
5988




Bone 44 (2000) 678-683

journal homepage: www.elsevier.com/locate/bone

Contents lists available at ScienceDirect

Bone

Serum 25-hydroxyvitamin D as an independent determinant of 1-84 PTH and bone
mineral density in non-diabetic predialysis CKD patients

Kodo Tomida *, Takayuki Hamano **, Satoshi Mikami ¢, Naohiko Fujii b Noriyuki Okada ¢, Isao Matsui %,
Yasuyuki Nagasawa *, Toshiki Moriyama ?, Takahito Ito ?, Enyu Imai ?, Yoshitaka Isaka *, Hiromi Rakugi *

* Department of Geriatric Medicine and Nephrology, Osaka University Graduate School of Medicine, Box B6, 2-2 Yamada-oka, Suita, Osaka 565-0871, Japan

 Department of Nephrology, Hyogo Prefectural Nishi

F Aichi

iya Hospital, ! iva, Japan

© Osaka General Medical Center, Departinent of Nephrology, Osaka, fapan

ARTICLE INFO

Article history:

Received 2 july 2008

Revised {5 November 2008
Accepted 20 November 2008
Available online 9 December 2008

Edited by: T. Matsumoto

Keywords:

Bone niineral density

Chronic kidney disease—mineral and
bone disorder

Fibroblast growth factor-23
25-hydroxyvitamin D

Parathyroid hormone {1-84)

Introduction

ABSTRACT

The role of 25-hydroxyvitamin D [25(0H)D] and fibroblast growth factor-23 (FGF-23) in chronic kidney
disease-mineral and bone disorder (CKD-MBD) remains elusive in predialysis CKD patients. From the fact
that FGF-23 suppresses bone mineralization in vitro and that 1o-hydroxylase is present in parathyroid cells
and osteoblasts, they may be associated with bone mass or serum parathyroid hormone (PTH) level. In this
crass-sectional abservational study, we investigated the potential associations of 25(0H)D or FGF-23 with 1-
84 PTH and bone mineral density (BMD) in the femoral neck (FN) and lumbar spine (LS) of 325 non-diabetic
patients. All patients had stages 3-5 CKD and had never been treated with bisphosphonate, estrogen, or
vitamin D. We measured bone-specific alkaline phosphatase (bone ALP), intact FGF-23 and 1-84 PTH in a
third generation assay, and performed a multiple regression analysis for 1-84 PTH and BMD Z-score. In our
cohort, 80.1% had 25(0H)D levels less than 30 ng/ml, and 4.1% had levels less than 15 ng/mL. A univariate
analysis indicated a negative association for 25(0H)D with 1-84 PTH and bone ALP. A multivariate analysis
showed that the significant determinants for 1-84 PTH were 25(0H)D, estimated glomerular filtration rate
(eGFR), corrected calcium, serum calcitriol and phosphate. Intriguingly, the three former parameters had
negative associations with 1-84 PTH while calcitriol had a positive association. While further adjustment of
FGF-23 extinguished the positive association of phosphate and 1-84 PTH, there was absolutely nio increase in
the R%. With regard to the BMD Z-score, 25(0H)D and the body mass index were the significant common
independent positive determinants for both FN and LS, whereas bone ALP was the negative determinant even
though there was no correlation noted for 1-84 PTH, calcitriol, or FGF-23 with BMD. In addition, eGFR
positively contributed to the Z-score only in FN. Therefore, despite a positive correlation between 25(0H)D
and calcitriol, their contribution to the CKD-MBD appears to be different. Since the significant associations for
25(0H)D with 1-84 PTH and BMD were independent of serum calcitriol and bone ALP, this might imply that
25(0H)D has a direct effect on the parathyroid gland and bone,

© 2008 Elsevier Inc. All rights reserved.

hydroxylase {5} and megalin, which is the main endocytic receptor in
the proximal tubules for the re-uptake of proteins, including the

It is generally accepted that low serum levels of calcium and
calcitriol combined with high phosphate levels contribute to the
pathogenesis of secondary hyperparathyroidism (1f HPT) in chronic
kidney disease (CKD) patients [ 1-4}. However, even after adjusting for
the many confounding factors, a clear correlation between 25-
hydroxyvitamin D | 25(0H)D} with predialysis Il HPT and bone mineral
density {BMD) has yet to be demonstrated.

For a long time, 25(0H)D was believed to be just a precursor of
calcitriol that had no inherent biological activity, and thus, was simply
used as an indicator of the nutritional state, However, recent studies
have demonstrated that parathyroid cells and osteoblasts contain 1a-

* Corresponding author. Fax: +81 6 6873 3857,
E-mail address: hamates@medonc.med.osaka-v.acjp {T. Hamano).
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vitamin D-binding protein (DBP)[25(0H)D complex [6). These data
suggest a possible clinical relevance of 25(0H)D in bone metabolism
and in parathyroid function.

An insufficiency of 25(0OH)D is a common condition seen in both
the general population and in CKD patients [7,8]. In order to manage |l
HPT in predialysis CKD patients, the Kidney Disease Outcome Quality
Initiative (K/DOQI) guidelines have recommended ergocalciferol
administration to stages 3 or 4 CKD patients if they have intact
parathyroid hormone (PTH) levels greater than the target range and
25(0H)D Jevels less than 30 ngfmi. (75 nimol/L) [9]. In fact, serum 25
(OH)D has been shown to be inversely correlated with PTH in
individuals with or without CKD [10-13], as well as in renal
transplantation patients {14]. However, PTH levels in these studies
were measured using a second-generation (intact PTH) assay that also
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detects 7-84 PTH as well as the bioactive 1-84 PTH. Kazama et al. | 15]
reported that the ratio of 1-84 PTH to intact PTH changes remarkably
as the renal function declines, In addition, vitamin D status itself has
also been shown to affect this ratio [16]. Therefore, in cases of renal
failure, it is unclear if the vitamin D status actually contributes to the
serum 1-84 PTH level (not the intact PTH level).

When studying the contribution of 25(0OH)D to 1-84 PTH, one of
the important confounders is the novel phosphaturic hormone,
fibroblast growth factor 23 (FGF-23). FGF-23 affects vitamin D
metabolism through the inhibition of la-hydroxylase [17). This
hormone is also upregulated under the conditions of excessive PTH
[18]. Bone cells express fibroblast growth receptor 1, suggesting that
FGF-23 could alter bone mineralization through a direct effect on the
skeleton. A recent study has shown that overexpression of FGF-23
suppresses osteoblast differentiation and matrix mineralization in
vitro | 19]. Therefore, the potential exists for this hormone to affect the
BMD in predialysis CKD patients.

In the present study, after adjusting for confounders including FGF-
23, we attempted to determine the difference between serum 25(0H)
D and calcitriol with regard to the contribution to CKD-mineral and
bone disorders (CKD-MBD). To achieve this, we examined which
laboratory data were associated with BMD and serum 1-84 PTH (not
intact PTH) in a group of non-diabetic predialysis patients.

Patients and methods
Study design and subjects

In this cross-sectional observational study, we enrolled 325
predialysis patients who were 18 years or older and who had stages
3-5 CKD (210 men and 115 women). Patients were excluded if they
had a history of treatment with glucocorticoids, calcium, vitamin D
analogues, ergocalciferol, cholecalciferol, bisphosphonates, sodium
bicarbonate, estrogens, or selective estrogen receptor modulators.
Patients with primary hyperparathyroidism or liver cirrhosis were
also excluded. Because diabetes mellitus affects bone turnover [20}
due to impaired osteoblast function {21}, we studied non-diabetic
predialysis patients with stages 3 to 5 CKD.

Laboratory measurements

Blood samples were drawn from ambulatory patients at the
outpatient clinic of Osaka University Hospital and Osaka General
Medical Center. We centrifuged the blood at room temperature at
3000 rpm for 5 min, with the serum then stored at -80 °C until
analysis. Blood chemistry [serum creatinine, albumin (Alb), calcium
(Ca), and phosphate] was measured using standard automated
techniques. Full length 1-84 PTH was measured using a third-
generation assay (whole PTH, Scantibodies, Santee, CA, USA). The
biologically active form of FGF-23 was measured using a sandwich
enzyme-linked immunosorbent assay system (Kainos Laboratories,
Inc.,, Tokyo, Japan). Bone-specific alkaline phosphatase (bone ALP) was
assayed by using the Osteolinks-Bone ALP high-sensitivity diagnostic
enzyme immunoassay (EiA) kit (Sumitomo Pharmaceuticals, Co.,

Table 1

The characteristics of enrolled patients

CKD stage 3 4 5 P

Numbers of the 143 (52) 133(47) 48 (16) ns.
patients (Female)

Age (years) 624+138 63.0£145 61.6£148 ns.

BM1 (kg/m?) 240133 22.4£3.1 225440 0.0118

Corrected Ca 9.392049 9301040 9.00£0.61 <0001
(mg/dL)

Phosphate (mg/dL) 3.26+£0.50 3.47+£0.59 4.10£0.75 <.0001

CXD, chronic kidney disease; BMI, body mass index.
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Fig. 1. Changes of phosphaturic lioninones, calcitriol and vitamin D status across CKD
stages, Calcitriol and 25(0H)D are shown as the mean {£SEM). The boxes for 1-84 I'TH
and FGF-23 represent the interquartile range. with the upper and lower edges
representing the 75th and 25th percentiles, respectively. The central horizoxntal lines
represent the median levels. The vertical lines above and below the boxes represent the
range of outliers up to 1.5 times the interquartile range, *P<0.05 vs, CKD stage 3.

Osaka, Japan), The levels of serum calcitriol and 25-hydroxyvitamin
D were measured by using a 1,25-hydroxyvitamin D RIA kit “TFB'
(Immunodiagnostic Systems Ltd., Boldon, UK) and a '*°I RIA kit
(DiaSorin Inc., Stillwater, MN, USA), respectively. The serum Ca level
was corrected for Alb by the formula (5-Ca; serum corrected Ca=Ca+B
(4-Alb), if Alb<4.0 g/dL) [22]. We measured the BMD of the second to
fourth lumbar vertebrae (L2-4) in addition to the fernoral neck with a
dual-energy X-ray absorptiometer {Discovery A, Hologic Inc., Bedford,
MA, USA) in the posterior-anterior projection. Values were expressed
by the age- and sex-adjusted Z-score.

Statistical analysis

Data are reported as the meantSD or the median and range. The
estimated GFR (eGFR) was calculated by the MDRD formula
optimized for Japanese patients {(0.741 x 175xCr™ >4 x Age™92%3x 0,742
(if female))] [23]. Patients were categorized and placed into three
groups according to their eGFR (CKD stage 3. eGFR 30 to 60 m{/min/
1.73 m? CKD stage 4: eGFR 15 to 30 mL/min/1.73 m?; or CKD stage
5: eGFR less than 15 ml/min/1.73 m?). We investigated the
independent determinants of 1-84 PTH and the age- and sex-
adjusted BMD Z-score by using a multiple linear regression analysis.
Variables that were significantly affected in the bivariate analysis
{P<0.2) were included in a forward and backward stepwise multiple
regression analysis. To take into account the contribution of the
seasons with regard to the vitamin D status, we converted the
seasons to dummy variables in the multiple regression analyses for
1-84 PTH and bone ALP. Because their distributions were skewed,
bone ALP, 1-84 PTH and FGF-23 were log transformed before the
regression analysis. Statistical tests were two-sided, and P-values less
than 0.05 were considered statistically significant. All analyses were
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performed with JMP ver. 7.0.1] for Windows (SAS Institute Inc., Cary,
NC, USA).

Resuits

The characteristics of the study population are summarized in
Table 1. In accordance with the K/DOQI guideline recommendations,
we found that 234 out of 291 patients (80.1%) had 25(OH)D levels less
than 30 ng/mL (vitamin D insufficient), while 12 patients (4.1%) had
levels less than 15 ng/mL (vitamin D deficient). However, if we used a
cut-off value of 20 ng/mL to indicate a vitamin D deficiency [13], then
54 patients (16.6%) were considered to be vitamin D deficient. Serum
25(0H)D levels did not differ across the CKD stages. The variations of
25(0H)D, calcitriol, FGF-23 and 1-84 PTH across the CKD stages are
illustrated in Fig. 1. There was a significantly positive association
between the serum calcitriol levels and the serum 25(0OH)D levels in
CKD stage 3 (r=0.14, P=0.045) and stage 4 {r=0.39, P=0.0008)
patients. No significance was noted for the CKD stage 5 patients.

Determinants of 1-84 PTH

In a univariate analysis, serum 25(OH)D had a significant negative
association not only with 1-84 PTH but also with the bone formation
marker, bone ALP {Fig. 2). S-Ca, phosphate, calcitriol, eGFR and FGF-23
were also significantly associated with 1-84 PTH. By using these
parameters along with age and gender as independent variables, we
constructed two models and performed a multiple regression analysis
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Fig. 2. Refationships between 25(0H)D and {A) Log{1-34 PTH), and {B) Log(Bone ALP).
Serum 25-hydroxyvitainin D was negatively associated with not only with 1-84 PTH,
but also with the bone turnaver marker bone ALP.

Table 2
Multiple regression analysis for log (1-84 PTH)

Model 1:FGF-23 (-) Model 2:FGF-23 (+)

I S.E. P value B SE. P value
25(0H)D -0.0250 00073 0.0008 -0.0258 00077 0.0010
Calcitriol 0.0107 0.0033  0.0012 0.0119 00034  0.0005
Corrected Ca -02985  0.0837 0.0004 -02999 00860 0.0006
eGFR ~-0.0496 00048 <0001 -0.0442 00054 <.0001
Phosphate 0.1421 00692 0.0408 00522 00782 0.50(ns)
Log (FGF-23) 02233 0095 00143
R?=045* R2=0.46"

SE, Standard error; 25(0H)D, 25-hydroxyvitamin D; ¢GFR, estimated glomerular
filtration rate.; FGF-23, fibroblast growth factor-23.
* Corrected R* for degree of freedom.

for 1-84 PTH in order to investigate the factors promoting Il HPT. FGF-
23 was excluded in model 1 and included in model 2. In both models,
25({OH)D, corrected Ca, and eGFR were negatively associated with 1-
84 PTH. Intriguingly. calcitriol was found to be positively associated
with 1-84 PTH. As for phosphate, the positive association seen in
model 1 disappeared in model 2, in which FGF-23, in stead of
phosphate, showed positive association with 1-84 PTH (Table 2).
Moreover, when we made adjustments for the seasons, there were no
changes noted in the results.

Multiple regression analysis showed that only 1-84 PTH was a
determinant of bone ALP in males, whereas in females, in addition to
1-84 PTH, younger age and post-menopausal status were also
associated with a higher bone ALP (Table 3). The ratio for the bone
ALP to 1-84 PTH (bone ALP/1-84 PTH) was demonstrated to be
positively associated with eGFR [Log (bone ALP/1-84 PTH)=
0.03*eGFR-0.93, R?=0.29, P<0.0001), which suggests there is a low
skeletal sensitivity to PTH in advanced renal failure.

Determinants of age- and sex-adjusted BMD Z-scores in the femoral neck
and lumbar spine

The associations between the CKD stages and the age- and sex-
adjusted Z-scores of BMD are shown in Fig. 3A. A significant trend
towards decreased Z-scores with the higher CKD stages was observed
for the femoral neck (FN) but not for the lumbar spine (LS). We
investigated the association of the Z-scores with the number of
achieved K/DOQI guideline target ranges for S-Ca, phosphate, and
intact PTH (recommended PTH target ranges were; 35~70, 70-110 and
150-300 pg/mL for CKD stages 3, 4 and 5, respectively). With higher
BMDs for both the FN and LS, there was an associated increase in the
number of target achievements, although this trend was not
statistically significant (Fig. 3B).

To elucidate the significant determinants of the BMD Z-score, we
performed a multiple regression analysis that used the S-Ca,
phosphate, 25(0OH)D, calcitriol, bone ALP, FGF-23, 1-84 PTH, eGFR
and BMI as the potential explanatory variables. Common significant

Table 3
Multiple linear regression analysis for bone specific alkaline phosphatase
B S.E. P value

Male

Log (1-84 PTH) 0.1395 0.0347 <.0001
R¥=0.15*

Female

Age -0.0121 0.0046 0.0104

Log (1-84 PTH) 0.2277 0.0499 <0001

Postmenopause 0.2346 0.0725 0.007
R?=03*

PTH, parathyroid hormone.
* R? for degree of freedom.
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Fig. 3. Changes of age- and sex-adjusted Z-scores at the femoral neck (FN) and lumbar spine (LS) across the CKD stages (A). and across the achieved K/DOQ! guideline recommended
target ranges for calcium, phosphate and intact PTH(B). In (A) and (B), we observed a tendency for negative and positive associations. However, this significant trend was only
observed berween the FN-Z and CKD stages, P: serum phosphate, K/DOQI: Kidney Disease Outcome Quality Initiative, FN-Z: BMD Z-score at the femoral neck, LS-Z: BMD Z-score at

the tlumbar spine, CKD: chronic kidney disease.

positive determinants of BMD at both sites were 25(0H)D and BMI,
whereas bone ALP was the common negative determinant. The
estimated GFR was a significant positive determinant of BMD only at
the FN, which is rich in cortical bone (Table 4), However, there was no
significant correlation found between the BMD Z-score and calcitriol,
1-84 PTH, or FGF-23.

To further investigate the correlation between the BMD Z-score
and these independent BMD determinants, we divided the subjects
into tertiles based on 25(0H)D, bone ALP, and BML. We then classified
the subjects into nine categories based on the tertile combinations
that consisted of 25(0H)D and bone ALP or the tertiles of 25(OH)D and
BMI (Fig. 4). A gradual increase in the BMD Z-scores was observed
when there was higher 25(0H)D and lower bone ALP or higher BMI.
Unexpectedly, when compared to the other groups that had the lowest
25(0OH)D tertile, the BMDs at both sites were lower in the group that
had the lowest tertiles for bone ALP and 25(0H)D (the LL group) (Fig.
4). Moreover, in the LL group, the 1-84 PTH level was the lowest
among all of the nine groups (data not shown).

Discussion

In our study, after adjusting for S-Ca, eGFR, and FGF-23, a
multivariate analysis indicated there was a negative association for
25(0H)D with 1-84 PTH and a positive association for calcitriol with 1-
84 PTH {24]. We also found that 25(OH)D was a positive determinant
of the BMD Z-score in addition to BMI and bone ALP for both the LS
and FN, whereas neither serum calcitriol nor FGF-23 exhibited any
association with BMD,

In addition to the negative association noted for 25(0H)D with 1-
84 PTH, our univariate analysis showed that 25(OH)D but not calcitriol
exhibited a negative correlation with bone ALP, which is a marker of
bone turnover in CKD {25). These data might imply that serum 25(OH)
D, but not calcitriol, is a surrogate marker for bone turnover and bone
mass in predialysis patients. Our data are reminiscent of a bone biopsy
study by Coen et al. in hemodialysis patients |26]. This previous study
revealed that serum 25(OH)D was a significant determinant of bone
turnover independently of serum calcitriol. Therefore, the direct

Table 4
Mutltiple linear regression analysis for age- and sex-adjusted BMD Z-score

FN-Z Ls-z

B SE. P value [ SE. P value
25(0H)D 0.0454 0.0148 0.0026 0.0506 0.0205 0.0147
Log(bone ALP) -0.5010 02056 0.0162 -0.5763 0.2885 0.0477
BMI 0.0744 0.0221 0.0010 0.0667 0.0254 0.0250
eGFR 0.0296 0.0103 0.0049 0.0120 0.0139 0.39 (ns.)

R =0.26* RZ=0.12*

FN-Z, age- and sex-adjusted BMD Z-score at the femoral neck: LS-Z, Age- and Sex- Adjusted BMD Z-score at the lumbar spine: S.E, standard error; 25(0H)D, 25-hydroxyvitamin D;
bone ALP, bone specific atkatine phosphatase; BMI, body mass index; eGFR, estimated glomerular filtration rate.

* R for degree of freedom.



