1582 % 4 Hi #k 2008.5/Vol.57/No5

tolerance, IGT), EfRm, PERAMER, i,
BECH o7z, ZORERDPS, CKDNAY AT
BT, MEAIREL, BOUE, SECHEE -
s, PREfCHREE, EROEELZIT) LEN
b5, FrBEECEE L URERI RS
i HEEITRNZ LATRENTEY, LR
B - AEEEENEITRO O NS,

—7, BHEREET (eGFR<60ml/min/1.73m?)
X7 L7-HKEETH A CKD A7 — Y 3VRIET
BYVAZ 7777 —(S#TNDI A7) E LT,
EHG, BHEARE eGFR), BHIR, MR, EIMUE,
BB AR, WERmERET, I (Ko AH
H), BB CHo7-. B, LHTELEMIR
e Bh5, THHASCKD #ITDVAZETFLER
bhb, EREESNTELVAI I 728 =
i X ) LIRHE B o TIRENTEDY,
HAATOIYF Y AHHLNE R -7z LITK
EREFR.

3

AYEY v ¥y Fa—A & TR, 2208
B, EiBERb A, {RHDL-2 VAT
O — VIliE?: &R L MIUE A RR
L7 ESHERETDH 5.

WE, AP K v 7 FE—AHCKD D)
Az L H T LI SRV THRE S,

XKy FO—AL& CKD

154

12 4

Cumulative incidence, %
Cumulative incidence, %

0 aaasaaiatatalty s i,
(N) (1,087) (353)

Metabolic ~ Metabolic

syndrome(-) syndrome(t)

—
o
']

et
[
1

w
1

AR |21 2 C OB TR DR RAREE S h7z?.
6,980 (ZEH5 © 30~79) ICBWTAZ KR v 7
v Fu—A1312.8%, CKD 1313.7% DHET
Hot:. AF¥FE) vy FO—LADCKD g
+ 24 v XHid1.537TH Y, & {IZ60mAKiiD
BTitA v XH1.686 Tdh o 7 h%60ikLA L TIZA
EOEBRTCldkdhrol. AFR) w7V F
0 — AOfERE T L CKD ARFEICITEAREMR
B> SN FALBRIZES SR & 24—
FMEEOHENH -7, bLHLCKD ZFS
7V A0RELL E o #isE R (1,440%) @ 5 SFH O
7 4+ 0—7 v 7HHEHIZ8 A% CKD & RfE L
7=, TS - MBIDORREERT, AR v 7V F
O—40&HY - %2 LD CKD BEEY A7 IXENE
110.6% L 4.8%  HEEZR L7 (p<0.01).

SEEBITCIRATRY vy 7y Fu—Aaid
CKD Oy L7-fElHF-Tdh ) (OR=2.08, 95%
C.I. :1.23-3.58), A¥KYv o Fu—ALd
BRETF0» 1 EET 256 HBLT, 2,

3, AEATABEDOR IZENENL.13(95%
CI, 0.60-2.12), 1.90(95%CI, 0.98-3.69), 2.79
(95%CI, 1.32-5.90) Tho7z& ) (F4). £72,

RS AR A S 4 JHE X0, 13HH T40~59D4F
BRTHEICRIENEL, 3HEN, LHEHOL
B TIZ60RR L L OERE CHEICHIEAE N E v
SEETHY (W5), —MERICBWTAIKR
1)y &3y Fa—Ah CKD OfefEFTH s

14-8..‘

0
(N

(126)
i<

) (740) (347) (227)
<1 2 3

Metabolic syndrome component, n

4 x4FV9gd > FO-LECKDYRY (XS & D5IH)




=
o
J

&
w

[
<

1
|
1
1
]
|
|
I
|
I

Mean GFR slope over 5 years
(ml/min/1.73m2/year)
p
w

* %
—-0.6
-0.9
~-1.2
(N) (740) (347) (227) (126)

<1 2 3 i<

Metabolic syndrome component, n

@rewmn 1583

=1
(4% )
1

o=
o
I
1
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
>
|
1
I
I
i
I

|
(]
o

L

(ml/min/1.73m2/year)
!
s

Mean GFR slope over 5 years

—0.99 | =—O-- 40~59year
—&— =60year
—1.2
(N) (740) (347) (227) (126)
<1 2 3 i<

Metabolic syndrome component, n

B5 A2KUy 722 Fn—L0BRETHERRERTEEORER (RS X H51H)

EHHHLE N ol
CF Rk, BREEICERLOARY P ELTHER
PHOEEH SN TV L AREMEEEEED, A &R
)y 7Ty Fu—AOWBRETFOERIC L - T
MENDZ LD, KEOME 21,7572 B0
bR hiz([E6)"Y. SR ERESIT-RER
HREREELREL, METVTI VRELS
TEEZ LN, RISEAFTRETCORBEICBIT
HCKD A7—T1, 2OFEVAZ LiinE
ARBIELTWAZ LI A LEbNS,
AR w2y Fa—aizBnwT LIFLIES
IRERMAED ST 5 Z L HONTWAEDT, &
T UBRERINEEI- DWWt Tl . EIREE
MEFBFIZILIZLIIFEEZET A, T8
CKD R 5 —¥ 3 DI CII S48 | B R R IME %
9. L2 LERBIVEY A3 AMEF T EIME,
AFER) vy Fu— A ZF0FRE{LofEEHA
FEESEIE) 2 s, BRERMAEATN L
TERET-TH L5 LS DI TikER? D
L. RO 25— MR TIIZIC BV TOA
ML L7l FTh o7 nH P, ERERMAE
BAROHEEFB > LETHY, CKD iz k
\ETEDA 37 MIKEL W EBbR A,

2504 P<0.0001
=
‘£ 200
=
E
=
& 1504 B

100

0 1 2 3 dand5

Number of risk factors

E6 XFFKY w7 FO—LAERBEBREA

CKD M) X 7 5% & EHbERPR(C
FWTEKT 3

HELRILIE, AT—T1, 2 OFBEHEET
B SOIIIRREBEELR LD & LT0nERY, 7—
§ ETIER 7205, VA2 772 5 —%HThE%:
AT AL THAH. FD=DIZIZICKD VA7
2B (A7) —= v DB fToTBL I L
HEERTHS. |

CCKD ZHEH 1 F TIRE—RDERKRZE A CKD
ST BT TR R T 70 —FH9T 2
X951z, CKD DY A7 DIERE, EEEHIC
& 21) A2 FHIO BAFI 2 BT 50,

# 212TCKD %589 1213 | CKD D) R 7 5Hf,



1584 # & B #k 2008.5/Vol.57/No.5

abf,iﬂﬁﬁmﬁwfgﬁT&%CMJUx
2770 % —%mnd. LT, VAZeFHEZHz-
TOEER 7 T —F L LT, WEEEE Gk
FRRDORA > b &BR5D,

1. CKD BEDREER(R3I Frv 7R b
£88)

1) BEAERE

CKD DIFREBE L2 1) 5 AEBOBEEIC- X E
WTAZEPEREELRL. BENELLRTY,
T B b BRI AN T THERR S 5. B,
PERRIE, BIUE, FREEEESYE (& <IZVUR X
DU EIEICRETS), BRI R (il
TEE, SEREL, KEBIRES). BEND
biyaid T ORIRHIM 2 HERR T 5. F7-, 1BME
FTEE (B, BAENY) v ~F, ARREEE
etc.) OFFTEIZSEFERME I O 455 - OHERE L
THl.

2) D IEE (KPRIE)

WIRER OFE, FHERY () 72 Eh o JEHE
BB ARDTEEL 20 b, A7 O FHIRIR,
A Th TGRS COMRIER S 1
TWAIERTTHY, FOEREOFHEIZOWTIER
T5. WRETHIUDER % EHHMERE T 5.

3) PERAVIMER, MRE, ROMER

BRAEOWR T2 IR/ EEAR TH > THHB
FIZHIRMILRIZENTWAZ L 2h b, 0
BRIZFEA T 5 LRGERGYE, WEERIHEDEEY

AT A, IgA BHE T EAGEBIYE - RS
FEOEAZICHIRMIREZ 235 Z EA7L (FD
biha, T/, ERERGHER 2 ~ 3 H%ETA
BREIMPR % ORI, 708, WIMEASHEHRL
I A IR R RIS S 5. RE
DA, BIMIOWTHERLTBL. F4&H
RASEEZ 7 A LIROIESL BB OHE0H
5.

4) iHRIEE

OB E I THRESA P DR EE OB T %

B350, BEFEHL TRV LIEND

T, BARMICIHRD, HEROBRIRER, SIUE,
FEOHBE Iz oW THRRATSEL.

5) R IEHE

B, BEBB X OREMEE (Alport fEE
B EfEEER FIEEE 2%, Fabry 78) O%
HE ESREEICEHTH»A. ¥/, CKD 0T
BHTF L0 ABIUE, KRB SRERIME,
AR w7 FO—LIIOWTHIERLTH
LT ki, Y AZ OFHMmIIRLD.

6) EMEORET— ¥

FIZABRY, AEOBEHEHERLHREL TS
ki, ETTFHICHERTS 5.

7 EEEIE

B2IEIZ CKD BITD VA2 777 5 —THHED
THEREL TBL. B HEOEE, Bkt &7
L2T<, FARRBRIEOEREFICH 250
THEREL TH L. BLVvESNE, BREYOENR
L)) B7-OFERNT A, oM, EEERS - Y
7 A bOER, RESE(ELER L) OB
bRERL THBL.

8) IRERE, BHMWENOREE

OTC (over the counter : HIHlHE) & { \ZfF2AGH
fEfloER, ¥4 3D 8K Ay A5E,
PUAR), BEFSE(& I ACEL, ARB) 7%, &
£ BHREETORRERY ) 2FW~DEZT
BRI IEB L TB{ ZLITEETH 5.

2. CKD B2EICH 25RO RA > b

)54 Z ViAo »

RE, ME, A4 (EmBERAEZ: &), RE,
kL ~OL

2) BESEER

R &I, #H, REE LUTieRiRE) %
i R (BERIRTERRAE, S IUEYEERE, B
fRAE(E, I LAFO—VER), MR- AKSEKE
& (Fabry #%), MSEMALE (Alport FEFEE)

F : $#fEOFE (Alport fEfERE, 73/
v NRUENE)

O B&5 (7304 F=2R), BHEK - H

l

|




2iEEEA 1585

R4 CKDBEDHFEADBAIDL I

B ET, BIRE eGFR LRENDIIELIZ 2 ) D E~E T 5
s PN OTETIRR (BEOR, MR) 270, REEBETIRIEOR, RY 2L 7F=VBEL) g/ s LT F
Vﬂﬁ?ﬁﬁf%:kﬁ%iLw.W%KmﬁﬁbT%iymE%ﬂﬁL,%ﬁ%%aﬁgf%ﬁf&
P =) OVTNRRITEY T BRI FREME G L, LTt 5

1)0.5g/g 2 LT F =Pl EE 122 +R LD EARE
2) eGFR50mL/min/1.73m*3kifff
NEARLMIRATE &1tk (1 +LLE)

"CKD A7 =31~ 3 BERHIZEIP Do ECEBLEITS. EffPRCHELNEL L UCNEDT > bu—n
PTREGHEIIS, WEEFIE 2 RIS PIE I L, GRS A RE T 2

Bi7 (gA BHE, HERRG)

SHEFIRIERR, RN (NAEOSHE), SEfhifks
(EPARAE(L)

3) g

DAl COHES, BRHE, Bask), B,
LMY (SLE, FREEE)

4) R

MEHES (BEIRRS), BofZ (RN
), BIHTE (SHEETE BEE), EE
SR —=54 VERR, JLAFO—)L
FEH, Fabry )

5) HIZIRAEK (FREEPAZE, BAMEMEAL)

6) DU

PN (T ER),  BARGHS - 2GR, RO
TXF, BEWE, N vk -5 4 8N
), blue toe (7 L A5 11— LZER)

4|

DN T VERT (B, EBE(~/ vk » ¥z —
¥ 74 YEBR), livedo reticularis (KRR %
TLATU—-VER, MEE), HBIG0SE - &
IR - BT (Fabry 75)

-2 ik

EbYIC

AARBRER X 2 HARAOE G 0t
T3, eGFR<60ml/min/1.73m* CH.A A1 D
10.6%, #91,097H A, eGFR<50ml/min/1.73m?
TH2.8%, ¥BICHANFET 2. ZOBALKD
CKD B %492, 800 2 D BB S EA SR+ 2 =
CIIBENTIER L, MhoEMEROER: oE
WEIRPE L. FFERZIICRE SR CKD
BEEPDPYOHERED L H D LS e s 4
T TEREMEICa L M AT ALSE
ZHTHY, CKD BHF A FTIIERA DL S 1238
RLTWa, _

ARG CIIFFERD - (MEH58 %38 17 CKD 1t
WICETHIL2BME LTCKD ZHEH A Fan
B, CKD OFREBWIN 7 70— 5|20 X &4
ERH, HUROFEME, 1) R 2 5 & B SO/
B E2RlBN LY. T514~Y - #TES
LU, ERUSSEIROBEMED 4 0 CKD 2%
CALThBRICEL, EROBELE ST
& LTD CKD ~DRHR N ADIRET 5= & %
o Twa,

1)

2)

3)

K/DOQI Clinical Practice Guidelines for chronic kidney disease : evaluation, classification, and
stratification. Am J Kidney Dis 39 : 1-266, 2002,

Levy AS, et al : Definition and classification of chronic kidney disease : a position statement from
Kidney Disease : Improving Global Qutcome (K/DIGO) Kidney Int 67 : 2089-2100, 2005,

Sarnak MJ, Levey AS, Schoolwerth AC, et al . American Heart Association-Councils on Kidney in
Cardiovascular Disease, High Blood Pressure Research, Clinical Cardiology, and Epidemiology and
Prevention. Kidney disease as a risk factor for development of cardiovascular disease . a
statement from the American Heart Association Councils on Kidney in Cardiovascular Disease,
High Blood Pressure Research, Clinical Cardiology, and Epidemiology and Prevention. Circulation



1586 & & B ¥k 2008.5/Vol.57/No5

4)

5)
6)
7
8)
9)
10)
11)

12)

108(17) : 2154-2169, 2003.

Brosius FC 3rd, Hostetter TH, Kelepouris E, et al - American Heart Association Kidney and Car-
diovascular Disease Council ; Council on High Blood Pressure Research ; Council on Cardiovascu-
lar Disease in the Young; Council on Epidemiology and Prevention ; Quality of Care and Out-
comes Research Interdisciplinary Working Group. Detection of chronic kidney disease in patients
with or at increased risk of cardiovascular disease : a science advisory from the American Heart
Association Kidney And Cardiovascular Disease Council ; the Councils on High Blood Pressure
Research, Cardiovascular Disease in the Young, and Epidemiology and Prevention ; and the Qual-
ity of Care and Outcomes Research Interdisciplinary Working Group : developed in collaboration
with the National Kidney Foundation. Circulation 114 (10) : 1083-1087, 2006.

Go AS, Chertow GM, Fan D, et al : Chronic kidney disease and the risks of death, cardiovascular
events, and hospitalization. N Engl ] Med 351(13) : 1296-1305, 2004.

CKD Z& 7 1 F | BAFWMESE, HHEFH, 2007.

Matsuo S, Imai E, Horio Y, et al : on behalf of the collaboraters for developing Japanese equation
for estimating GFR. The Japanese Equations for Estimating Glomerular Filtration Rate from Serum
Creatinine. in submission.

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 71 . 159-66, 2007.

Tanaka H, Shiohira Y, Uezu Y, et al . Metabolic syndrome and chronic kidney disease in Okinawa,
Japan. Kidney Int 69 . 369-374, 2006.

Ninomiya T, Kiyohara Y, Kubo M, et al : Metabolic Syndrome and CKD in a General Japanese
Population : The Hisayama Study. Am ] Kid Dis 48 . 383-391, 2006.

Tomaszewski M, Charchar FJ, Maric C, et al - Glomerular hyperfiltration : a new marker of meta-
bolic risk. Kidney Int 71 : 816-821, 2007.

Iseki K, Ikemiya Y, Inoue T, et al ! Significance of hyperuricemia as a risk factor for developing
ESRD in a screened cohort. Am ] Kidney Dis 44 : 642-650, 2004.

O s:ms¢ [
REVEDL | BREEEEZFTEY v 747 - 74— A

#i FH204ES H178 (L) FH1 ~ 4 B
m ARELE R — v (R A EE145)
@100-8188 HE#STLHEKE AFHEN1-9-4 TEL.03-5204-1500 ({%3%)
& ERTcLEXRATHERERS
EMB EH R, HRAE MEESL LS T LTB»LEROR - ££0
MR AL EETREo BN BFELLTVwET.)
A B EfFETecEEMNTHL s onfTHEE0RE
¥ R— A=V EFTEBM S http://qsh.jp/kyodokodo/
ERVWEE%E

Hp M

H

EfFLecERRITHEREESFEHR
(TEL.022-717-8197 FAX.022-717-8198
E-mail : secretariat@kyodokedo.jp)




2East L ERADRER

HEREICHIFHCKDEENT FOEHR

SPLL Bk

HAWNEERME $97% 85 550k
2008 £ 5 H 10 H



(EmiEst S EROEE
HERZEBICHITHCKDEEH 1 RO;EH
Pl B
Key words : B4 #E%, eGFR, ZHHR
(BA&EE 97:1108~1116, 2008)

iU &I

CKD (chronic kidney disease : |8EEIBRR) @
HSIKETRMICRB SN, GHREAOAICH
FICIRE o7z, ZOWRICIZOENT P HE 2 2
35 KN EAR S BEHA RO B i L
TBY, EREFLELOKRELAETH S, @CKD
PRHFELRE~DHEITIRA 2 THBIIN9 D Tk
<, DMERBORIE) A2 TdhD I LIFEL
L7z, QCKDOHHEMFHUEIZEL, 4%
WA FEIND, 2LEOBRIFETo2 8
B B, PEFRDERIR OB & B L T, CKD
DEEZIZ > > TN TH DA, THIZCKDDOE
AR B 2 A { EREOERICED S
Tk, ELT—BRHEE~OBKRVBEELEZ L
N57:%, FEME, TIAFTLHINVAY v T,
SHII—BITRICE > THBEhPLTVWI &
ZHEHBALLL-DTHS.

K EIB IR B (NKF) (2 & b 2002 4E IZKidney
Disease Outcome Quality Initiative (K/DOQI) %»
LA FI A4 IR ENY, EDTE 2004 4E12,
EEERICHE— SN M AZITH M&E LT
KDIGO (Kidney Disease : Improving Global
Outcome) 2¥E% 3L & 17z, KDIGOIZK/DOQI
2k BZCKDOEFR, #HHEZIZIZHETLET
KDIGO# 4 FZ 4 > &4k U722, — K, KETE

bhRE L& KRKERRL> Y-

BAmMPRME Bo74 55 FR2055F108

(200)

W FRILOMmE RS (CVD) Y AZ L LT
DCKDOEEMZ B F 2 T, 2002 4F121XCVD
VA Z & LTHDCKDIZBY$ 5Scientific State-
ment%?¥, *7-20064FIZIICVDREICBITS
CKDD R 5 ROBEEMEIZ DOV TdDScience Ad-
visory? ZHE L TW5. Z ZIZRETORBIE
JEERFFE DR R % R 3%, BT A B
BELEZ ONDERD LM RIET
BED)AZHPHLMI ERTHEEIZS N
7 b EFoTRJIEDON: (F1).

CH XS REBRMNEImMEFRELT BEE
BZES 2 BT H CKDORA Ry 3 2 3 5 MR
& LT, 2005 4E 1M B R B KA R
L, EFERAE, T4 ¥4 e, SEHEE,
EEEHE RS D —F o N —7HNEE % B
L7z, FOEBORRED—> L LT 200749
RHiZix, TCKD@Z#A A F] ks, CKD
HWIZKVIZETE2L0E LTHEBALTIAL
BRI TWSY, &6 ICHE, BEpRRici
DL CKDH A FFA4 Y2k &hoo2dH Y, CKD
D —BORERRAVPAFFE NG,

FHETIZCKDZ#DE L 23 L, CKDEHF
4 FOERIZL ACKDf#EREO—BIE L7z
Wy,

CKDDIES & s &%

Sk Tk < 2002 4EIZNKF O K/DOQIRZHE A
4 FZ A4 >®D—>T&H %Chronic Kidney Dis-



1109

5.8

SHMO £k (Kaiser Permanente) @ i0A

DEEEE(CATDIEARERLBR

E

ZEXRRIC LIZEBHAER], T, DmMESEM, Abk.

@20mLULD 112 AEMRICUICHE (F13

TP - MBI
(100 A 1 524120) 3
ERBTESHD

1.8

=

1.0

HEAE284%F, FHFRHDS2H Bt
9:11)
b

- DIMESEL - B EER
(1.00.:A 14E51ER)
FWHIEDSD o8

2.0

10 i

260 45-59 3044 1529 <15
GFR (mL/min/1.73m?)

3.4

260 45-59 30-44 1529 <15
GFR (mL/min/1.73m?)
3.1

FEABR - 8Bk
(100 A 1 F5=D)
FlpfEIESDD

247

1.5
1.0 '

T 1T T T T TrTrrrrrrrrrig

1.1

=60 45-59 30-44 15-29 <156
GFR (mL/min/1.73m?)

Go AS, et al, N Engl ] Med 2004:1296-1305" X 31/, &z

B 1.

ease : Evaluation, Classification, Stratification
WZBWT, EFRELDWIERE HRESELHRES
#7-. CKD & 1%, GFR (glomerular filtration rate)
TEINLIEREBOET S LD, HLIEHE
OBEELRET LR ((REMNZHDITER
REIZLDETIZ2REN, FEPEZERTRLE
OWREE, REPTR 2 EOFEE) HMEENIC
FitEd 25 DFT_NTE2EAET 5.

CKD ® il ke

(1) GFROMEIZBID S, B L RMd 5
T B (RbR 58K, 10 {5 SRRE, I SR 7
) X3 WAL EHFETDZZ L,

(2) GFR60 ml/min/1.73m? ki3 # A
bk dmZ k

DR IIT I 27§ 8 A 12 CKD & BB

Eha.

(201)

EH4E (GFR) BIDIEL, DMESNS &KUAROHENERR

CKDD R 75— (FREA) " EHEAAD
WACE T 28R

CKDDJRIAZHEICE, Bk iiEfE Th
LHGFRE*HWAZLIZZ o TWDS., ¥ 7T NT
HbHZ LEEAULTK/DOQIF A FF A ¥ TIX
GFR® 15 R U 30 DB TR 6 TnD (F
1. COGEPHFREEELZY)DOOH LA, L
FUH R s AL HIRE 2 F M L AREICIEE
D F TS ED EIEER S v, 2005 4E 10 A IS,
KDIGOS, CKD®D % 3 & 43312 B3 % E PR &5k
ZFEML, K/DOQLA A FF A4 ik & R
WHEZOT 5 Z & TERIEBMIZEED bR,
AT — VO ED BN LR HIZDOWTI,
AERLHIBOEF LY, —EFrAICETN
TEHEZMIAONEZRETHHLESNTNS.
Tl AF—TUSHIIBWT, BEEETHS
BAEICIITR, AT —V 5 TEWEZITTHEHY

BANRSEHE #9745 HE55 - FH20E5A10R



1110

% 1. CKDORF—UERHEEtE (6L D)
58 : 8 GFR @ i
25—y | BERORHE | Yning] 78me EREE
290(CKDMUREL —CKD ZZY—=4
IMUAZE | L8237 ERT8 | _okpuzonmnsuaim
FRICMAT
BEE (+) — CKD D2l iamDbaa
] GFR E{Eﬁ =90 —&HHE comarbidity D& E
ol — CKD REBEX A
—CVD URSEBHEE BHRR
BEE (+) B FRICMAT
2 | GFREEET B89 T i
é%gyﬁéEEﬁbmﬁﬁé
3 GFR hFRET 30~59 (B, M LS, —REEER s
TR, 758
. FRICMAT
FENEIBEOBA (b URBED
5 == <15 FERDBNIL)

BICIZDEDIFBZEE LTS,
HARANDEREGES A % A 5 £ eGFR=90 D JEFE
IEREAEHBELTERIZER L 2. 5 T,
EERETH ZCKDATF—VGHIcALND &
IWCATF—T 1 (eGFR=90) BLURAF— 2
(eGFR 60 %~ 5 89) 47, 1A 5— ¥ 2 #GFR
BEEKTELTIZZ LIZARAOEFIZS
banwtEZONE WEZCKDAF— 1, 2
LLT—HBT22LPHMENTHS .

BHEE DR

BRISIR 2 R 2B TH 525 L D A
(IR EBE OB, KERE ST > A OWE,
RSP RE, MUETES, P &%
R TS, [EHIE]IZER IS 1% Bk
LSRRI T SN2, BT, &
1K1t 72 B2 O R EE 1A SR AAGE R (GFR) 0fif
TehoTHNE DI NE DS > THEIEL +
B EASEETHS. GFRE KW B MiisqL
EF— S RIES LT FE Y ERERETH S

BFmiEasi 8974 E55 - FR20%5/10A

(202)

A%, GFR~OKFEI BV OIZME 2 L7 F =
>THY, HEEERICBWTIRmMEZ L7F=
CEDIEIM TGFROIE T %2 88ik3 5. LA L,
7 LT F = EIC K B ER 2 SRR R EE &
FEEEDOGFROMICIZI LIZLIZF v v THEES
. ChE, M7 L7 F= iR RET LA
THOZ L7 F = »PHlAE (GFR + RAE 5
®/), @7 L7 F= s (HRRICET 2),
LBBD-OTHED, #2C, M7 L 7F=
YELFEE, PR SGFREZHEH T 50 EK
SINTWVDS. K7 L 7F= rfllsEid]affell: At
FICHVWLATE - DB BHRERTO I L
TF=HEREE, JaffelEZ IS L7-bDHE
W Jaffeik TD 27 L 7 F = > #il5E T, noncre-
atinine chromogen% S THIE E N5 /-0, &
BROZLTFo L) PEMIBEL 2 5.
—7i, BEZDOIFEOKEOMR CIIBEEEIC
L OmFEZ L7 F= roflEdsfThbhTsh,
MR EFAT A0, BEREEICX 2 ImE
7 LTF=UEIZ02 2R, JaffeiED 7 L7 5
= EICBRE S 5 LB D o 72, 2006 4E I3 K



E2»oBREIIL D7 LT F= EICHIE L7z
MDRD (Modification of Diet in Renal Disease) fiii
BAMNERINY., HEAFMES TDH OJaffe

EAF IS OMDRD 53, @ XIS OMDRD
fiiZ, THENICHLTHERAICEDESS
BEODORERMEREL, ELTOEHD
WK% R oTEZOW CKDA A FEITOERRET
DB OCFRIEFH R IIBERE LS L 7 F = b
MDRD=IZ HARAREZ 22T 72U TObDTH
510,

L# L, MDRD&IZ IZGFR>60ml/min/1.73

m? D BE T, FREZBNHET S E VI K
EAdHD, X DIEMLZGFRERZHMWE LT,
HABRESCKDNKEER 70y =27 F [H
AANDGFRIESR] REL, A XV ¥Z7UT 5
vArIiEr L7 F= v (EREER LT F
= EAWICIE 2 AT A K S Ol
E), ZLTF=rrUT I AREE LT,
Fh e R P 7 HGFRIE A ST E S /-2,
bAENCBIFACKDD HEZ#ICBWT, H
AEMFEEHIHERTHRE LTk, Lito#la
o EBREICEBBRE S N/, miEZ LT
F=v, FE B3I 2OF— 7 LETRES
NAETRORELDLTFETHA.

GFR (ml/min/1.73m?)
=194 x Cr-10% x Age-0267x (739 (if female)

ERLEDOINT TIHEBOERIANFEKS
h, BROBE TOREIBESN LA, CKD
A5 — 3 VIEEIZ 3 72 5 eGFR<60ml/min/1.73
m? TIEWTFROREHWTHRELEWVA W
ZEERENTEY, EEK TCKDD @S
DD ETlE, WThoERERXETHWTLA

1111

#EE 2.

mARRGIZ I, BEFEOBIC BT B4 DBED
ERELEHSEOFMICIX, 1 XY Y2 HWAA
Yy ¥ — K20 T I v A & BGFROME A
Higxnd L2PLARXRI 2075 ADH
ENXEME 720, H AW ERR O Tl 24 R A
Bo2vrF=02) 7 4A (Cox) BGFR
AHEET B ORI TH BHA, RMETWAH
FHEEEINL7-DGFRE D 30% BEAEWER
R EICEET S, EifllCer(ml/min) = Ucr
(mg/dl) X V(ml/H)/Scr(mg/dl) TR, 3K
i 1.73m2dh 7= ) OFIEZ TS . HARBIZIX TR
OXSBMAOEFETBAZFHHL, (1.73m?/4&
REMA) Z#F THEREMA ML T 5 =
B,

Doboir®sX; A=k (kg)*® x H R (cm)*™ x
7184 x 10°°

B, EYikS5 EHEO O ICERREE %
T B, EAOEFRIBEAEL ZIZENIC
HUELDDZFHHTEIRETHLHZLICHET
LULENH D, 27EL, EENLEEOFAT
13 173m2ICHiIE Sl Z 35 2 LI EH
L7 v,

WA DCer 2465, G, RELOHEMTDIH
#: & L TCockeroft-Gault®FXA L { HnwbHb T
V335, GFRA M T 2 /- DA% E LT 0.789
AHH SN

HAA®D CG A5 eGFR #HEH 3 55K
eGFR =0.789 x (140 — Age) X Body weight/
(72 % Cr) (L tE1x % 0.85)

FRF R R4

CKDIz BT 5 REW TR - BEIR, FiZ
EAROFENVEETH L. MK, |HRED
1+ E&RFEHE LCrnd 5. AABRAIEIC &
HEARDVBEMETH - TH, WKW, #IE,

BAMBESME ®o74 $55 - FHR20F5A108




1112

() FE@®)]

DD D EDRETREKL

5| (B BHTE  PYIR - MERICLIERE - RLE

[P wER

| FR&EI=0.6¢/day "Dl - GEROET |

2. RPFROiZE (BEK - MER) (k6 £ 1)

() FZ (L)

BSOS o
DODDIEDRETRIE AL ZT OREN

S R
e N & e
o 2R 7

& B R i P

=3

]

H|

AT

AFTR) w2y FO—AEE3H LTV
HIZE, METVTI VROBEVNEEHRTDH
0% RBOEISZHEIRFETIEOATH ) Fib
RO TOERIIFELRETHS.

(1) () EARFGIOFFMHEZE (H2)
EHROBGEE TIZRBIRPL 2R Y IR
WCEXZ2READEREZITH. HRROBEIZR
EHRELRPZ L7 F =& DH(UP/Ucre)
TaHMli$ 2. MBEARFAITIE, REHRIZ»D
H O FHEICEARYIM T 05g/dayll |,

BARMERME $974 $5% - TR20E5H108

(204)

%W I UP/Ucre?® 0.5 LL_EDFEFNZ A MO EIE
EEOLHERENSLETHS.

(2) MmER¥¥%RF (= 3)
FREAENEETTIHEREBEORNMBER%E
HRYE L7-854, MURBEMEI AP 1350 fE
EeZT MR, D THRRERY %
B SN -BRBEICB W THEERE 2 &5 - W%
BREZITV, TORZEIMNCEARBBEE T
IR THOREREE 3 5. LaL, MRASUIRE:
MR EOMMEETD 2 MHEEIZTETE T,



S5 0 SR R BT R e A R 1 R D 1 B
LT ERSNE 2B L O AT 5 S
CIZEETHS. FICRBRAELESEISBS
BIZBWItdd ), +oREENLETH 2.
I 70, BT 10% QBB CELERBEE % %
ZENMORTEY, REENEYE o725

&2 CKDODURIT7o9— (XW6L )

- BIE

- THPERERSE, KRR

- BB, @EEIMAE, X&YRU v o2y FO—-L (£5
ZRAR)

- BRAR. 25ERRE

- REESETD, FREBEULE. BEINEREEK

@ ERRORERE - BEFELE

-BEOBRETORMEBEODEBPERERS B0
R BDIEHE

- BEASE (BIC NSAIDs), OT7U A MEEDIRAE

- BBEALORE

- B

- S

- FE. ERUNEVER

1113

&iciz, MBEEARE LTOMNEILETH 5.
CKD& M & U X 7 AF DOFHE

BB REREAG & FRIGEE, TERBME O T 7% 65 CKD
DEBICETERTFT—TVE2RETS. EAT—
VTOBHEETHEIIE LIRS T 5.

BRATF—VDEZLH

ING VY RTRE

Bk IE® (GFR=90ml/min/1.73m?) 72
RECREEZDBOLVI,CKDYAZ 7727 ¥ —
AT L5E (BETERORERE, SIUE,
PEFRIR, AZEK) vy Fu—2Aa, HHER
H) s 2REE BT VTIV/Z2LTF=
UHEFLW)EERL, 773 rREMEGO
mg/gCrih ) % A3k &2 vy, CKDFHE - #ITD
VR 7725 —%F2I1RT. T, YRZ
iR 5 - O IXEREESEEZTHD, €
OFERRLTEBL (F3).

3. EEEEROFIvIUR L (EREQI) U6 L0)

1) RIREEEBE RES KEBMm %
BiEcneEE (1 BE )
FOEETOMNE, BEREEHERE

2) RENMERERDER
Hd W
- BDBDFEBIC
MERDE DB CFHEER, FCE TR
(BEk) DFE
- MR & DISERIRIF
HHA 2oERE]

3) BEBEOBERE

AREER, BLER, RIJ0—TiEK
¥ BB RESH, BA=2 Alport
fiEf&8¥, Fabry j8,

TDAMDERE ( )
= ( LoArE]

4) BEBROREE
wom( )
wEE ( )
5) CKD URZ &L15DFEEBOIE

BIE. HRA, BEEME, XSFHU v
27 E0—L, BEBUDOIYF, SKE
%gkﬁﬁ.ﬁﬁﬁ%ﬁ.%®@mﬁﬁ

R0

6) CKD URZEBDREE
7) BEOBRET—IHER
8) HEEDDDLMICHTI DHRASEDEFE

- HBIBE

Lo (HiE BEHS, HE® )
fan ( ) HRL, LWDIEET
(HE# B ) Uk

9) £EBRICDOVT

-HBEE B [ 1@Edreb &
- BREEE

&b (1 H &), &L, BEUE

EBER (1B |E)
HTUAT S, RREH, RGFEOER

10) HREE - RVBAEE

- BAROER

- ARE (OTC) OfER RICHMERE
- FRRMAMRR, MUOTYTER

- BESRON, B0l

- RS

- BREANRSDBEE

- [EEZ. HICACEPEEZ, ARB

(205)

BAAMERMIE Ro7%E B55 - FH2055A108




1114

®4 BACBSLBER OUR6 L D)

— i b Ly v N 3
IgA BiE WRASMERHE Alport JE{RR
N HOE AR JO—UERE | SMEYEE (BEEIE) Fabry &
g BR D EMEARERATRLAE W—T RS BRI IR
= | BMBE SRR S FEME R
£ | R R IR (ANCA BS:#EMmE:R)
ERMEEHEREN C BT A )L A BB E
B TSRS % R ZHEMTEREE
g RIS
i
=1
=
=]

LLUF 1238 1 12R L7-CKDZ#T 35 X USiaHeat i
DIERPLZZ H 25,

2F—U1, 2

FREIEE (GFR=90ml/min/1.73m?) F 7=t
¥R 4% F (90 >GFR=60ml/min/1.73m2) T 1,
POFEREE (HAR) ZHEIRETH 5.

B OIS L 7 HFBOFER GREREE
#5, MHEMERLR mMER BEBLRZECILZH
BEE) ICXBCKDEFNUNDFE L CTEEYE

B RN PE ) CKDEZ XL TE R 2 DAH%HE

BFERHTH5.
KFEOBFRBIZ X HCKD
BRAEAFELTEMmME, BERE AFKY v
23 FU—LEEHAEITVRRAEE AL
SERAEE R, BEAREERESOFILEL SHEIC
BT, PRCHEFREMEICHMAL, BAERS
EEOTHEEREICX > TEMZHEE LEKER
IZX T AEBEERGTAIENET L. T/,
EORFKETHF 70— EEEFEZETLES
LELICEHMEDSEILETDH 5.
ETETER L EWC & BCKD
EEHEEEOEREFEAT A5G R
REFFELTVWTHELICEEROBEE & 1
NI ENBV. THELIZETI2EER
BEVWEEZLNLD, 7547 - 57K
DRFINVEFEICEETHS. BIMLE, FERA,

HEARMFEMES $974 55 - FR20¥5/108

_ (206)

AZEYyr vy Fa—A, ERBMERED
TREFICHT 2920 A2 Leds, BR
BEARTRE, (LMAE Y A 7B B L7cHBHR T
W5, LB U TEREME S EHT 5.

25F—33, 4

AT —T 3 IXEREPEEET (60>GFR=
30ml/min/1.73m?), A5 — ¥ 4 I HFREEEEE
T ((30>GFR=15ml/min/1.73m?) T 5. A5 —
V3, BEEMEIZa IV o RE
WL TBRICHD, AF—T4ICENITEMN
EIZWZERHZENET LY. ATF—V30b.
KINEARE~OHETY R GEEE) PERICH
5. BHMEWHE (NSAIDs GEA 5 a4 FiEdt
RIEH), HHLMMOPEWE), BAFIZILZE
HWEOSMLEL (A0 MHE) CER
%35, AF—T 1, 20EBEITNE TEREE
WOSHEEE 2D,

A, SiEEDOCKDERICH T IES

CKD D FHEBITERIC & > THRAZE(LT 5.
K4, K5ICHA - BEHEICZZ L ALNLLHERE
AT, BEEICBWT, MRRICREENE
BEORENEMT 5 Z LLFREE - 7 I 0
A F—2 ZADBBEFHNT 5 Z L ICHET 5.
Tz, WEEALE, MEE, EFIETERE, MR




1115

®5 EEHECSVLEERSR (X6 XY)

— i — i SBERESRIES
B BMEMBSE (BE{K)
% | BUNBIRRID—CERE | WRELEY
ﬁ RS IR AT L SERIGRAYS R
% | lgABE (ANCA BSi8mE%)
4 B7=04 R—Y2
C BUFFA ™ A )L A RS
R | (BMRIEMER B FITIBIEA (BEBMERS)
g RS BEM B
) B RIS
E BRI EEE SRS ES
5
RS (REEEEICL AKEIER YY) TRE =6 (k6 &h)

WOMBIZK L, TORUWIZH 2o TideGFR
DA EETH 5. WiEE TIEHARIET
TEH7D, MFZ V7 F=EPEER LTV
WA TLERESETLTWS Z LM TIE
vy, fEo TEIREMEERIE SRS BFREED
 HHHE G ICIZGFRZMEH L TEFHIZIEL
¥ GEaRE, IA-EREBoE=F Lo
) LB LEETH SH.

HIEIC L S5 CKDEEFRDEEM—REUICH A
-

H A2 & 5 BHAR N ORGSO
it T, eGFR<60ml/min/1.73m? THRAAI®D
106%, #1097 A, eGFR<50ml/min/1.73m?
TH 28%, W36 TAFTETS. ZOBKRLE
DCKDEH % 2,800 OB M EA BT S
CERHENTIE R, MhoF P IS ER &
DEHIIRPEL W, EDELI LY AIFT
HIREMEICT LV TR0 AEEETH
D, CKDE#EN 4 FTIERE6DLEHIZER/ELT
W5,

K TIEICKDSHEN 4 F42 6, CKDOFH &
W7 7 o — 12D & BHREERFM, IR
fili, VU A2 3l & R B~OBE & &% iz

(207)

@WLILLE T, BIRE eGFR [CERDBNERMITHD
HOFENGENT YD

@H'h D DUETIHAR (SEIR, M) %71, REE
B CRRTELE, KPP BELD g/e
SUPFIRECOMET 5 EN2E L. FE
CES U7 F =Y REEAEL. BHEEE eGFR T
BT O

® 1) ~ 3) DLIINNCHYT HBAFERGPIEI
/AL, WAL THRD B
1) 0.58/8 FLPFZUBLEFTAF 2+ EOBEIR
2) eGFR 50mL/min/ 1.7 3m? ;i
3) BEREMRHEBITHIE (1 +1LE)

® CKD 25— | ~ 3 [FEAMICZHN D DIET
ARELTD. ETMENEE PSSO MED
Oy NO—UBARBEAICE, BREPIESLE
RERREIIEICHEREL, AR AR D

MLz, BREAREMEZP.LETHTFA
<) - TEB IV, BFEUANFUEOEFMED
54 DOCKDB#ICA L TH BiRIZSL, BRD
T HE % 8% 254 AE & L COCKD~DEIFERM A
MIBET A EZEHoTWS,

X m

1) K/DOQI Clinical Practice Guidelines for chronic kidney
disease : evaluation, classification, and stratification. Am
J Kidney Dis 39 : 1-266, 2002.

2) Levy AS, et al: Definition and classification of chronic kid-
ney disease : a position statement from Kidney Disease :
Improving Global Outcome (K/DIGO). Kidney Int 67:

BARHPSME HO74% $55 - FR2055A10R




1116

20892100, 2005,
Sarnak MJ, et al : American Heart Association Councils

on Kidney in Cardiovascular Disease, High Blood Pres-
sure Research, Clinical Cardiology, and Epidemiology
and Prevention : Kidney disease as a risk factor for devel-
opment of cardiovascular disease : a statement from the
American Heart Association Councils on Kidney in Car-
diovascular Disease, High Blood Pressure Research,
Clinical Cardiology, and Epidemiology and Prevention.
Circulation 108 (17) : 21542169, 2003.

Brosius FC 3rd, et al: American Heart Association Kid-
ney and Cardiovascular Disease Council; Council on High
Blood Pressure Research; Council on Cardiovascular Dis-
ease in the Young; Council on Epidemiology and Preven-
tion ; Quality of Care and Qutcomes Research Interdisci-
plinary Working Group : Detection of chronic kidney dis-
ease in patients with or at increased risk of cardiovascu-
lar disease : a science advisory from the American Heart
Association Kidney And Cardiovascular Disease Coun-
cil ; the Councils on High Blood Pressure Research, Car-
diovascular Disease in the Young, and Epidemiology and
Prevention ; and the Quality of Care and Outcomes Re-
search Interdisciplinary Working Group: developed in
collaboration with the National Kidney Foundation. Cir-
culation 114 (10) : 1083-1087, 2006.

5) Go AS, et al: Chronic kidney disease and the risks of dea-

3)

4)

9)

10)

11)

12)

th, cardiovascular events, and hospitalization. N Engl |
Med 351 (13) : 1296-1305, 2004.

CKD2Z#EN 1 F : HABEERE, HRESH, 2007
Chronic kidney disease as a global public health problem:
approaches and initiatives a position statement from
Kidney Disease Improving Global Outcomes. Kidney Int
72 : 247-259, 2007.

Levey A, et al: A more accurate method to estimate
glomerular filtration rate from serum creatinine : A new
prediction equation. Ann Intern Med 130 : 461-470, 1999.
Levey A, et al:Using strandardized serum creatinine val-
ues in the modification of diet in renal disease study
equation for estimating glomerular filtration rate. Ann
Intern Med 145 : 247-254, 2006.

Imai E, et al : Estimation of glomerular filtration rate by
the MDRD equation modified for Japanese patients with
chronic kidney disease. Clin Exp Nephrol 11 : 41-50, 2007.
Imai E, et al : Modification of the Modified Diet Renal Dis-
ease (MDRD) Study equation for Japan, Am ] Kidney Dis
50:2007.

Matsuo S, et al: on behalf of the collaboraters for develop-
ing Japanese equation for estimating GFR. The Japanese
equations for estimating glomerular filtration rate from
serum creatinine. in submission.

HAENFPEME H974 55 - FH20%E5 A108

(208)



1163

Original Article

Serum Osteoprotege-rin as a Screening Tool for
Coronary Artery Calcification Score in Diabetic
Pre-Dialysis Patients

Satoshi MIKAMIY, Takayuki HAMANOUY, Naochiko FUJII?, Yasuyuki NAGASAWADY,
Yoshitaka ISAKAY, Toshiki MORIYAMAD®, Munehide MATSUHISA?¥, Takahito ITOV,
Enyu IMAI”, and Masatsugu HORI®

Although cardiovascular disease Is a principal cause of death In patients with chronic kidney disease (CKD),
it is often asymptomatic in diabetic patients. The coronary artery calcification score (CACS) measured by
multidetector computed tomography (MDCT) is useful for screening ischemic heart disease in the deneral
population. We investigated which clinical parameters predict high CACS in predialysis diabetic nephropa-
thy (DN). Participants were 85 patients with DN. Nobody had any history of coronary angioplasty or coronary
bypass surgery. We measured blood counts, blood chemistry, bone alkaline phosphatase, intact-PTH, inter-
leukin-6, osteoprotegerin (OPG), hemoglobin Afc, 25-hydroxyvitamin D (25(0H)D) and fetuin-A. CACS and
bone mineral density (BMD) were measured by a single 16-slice MDCT and DEXA, respectively. The median
value of CACS equaled 256 Agatston units (range 0-4494 units). Stepwise increase in CACS with CKD stage
progression was observed (p<0.01 for trend). Simple regression analyses showed that Log (CACS+1) was
positively correlated with age, systolic blood pressure, phosphorus and OPG. In addition, it was negatively
correlated with nutritional parameters, such as body mass index, albumin, total-cholesterol and 25(0OH)D.
Fetuin-A and BMD had no impact on CACS. Multiple regression analyses showed that low albumin and high
OPG were associated with high CACS. The sensitivity of OPG for detecting CACS>200 was 80%, when the
cut-off value was 1.2 ng/mL. In conclusion, CACS increased with CKD stage progression in hredia!ysis DN
patients. Serum OPG was positively associated with high CACS and can be a useful screening tool for
severe coronary .caiciflcation, whereas no association between fetuin-A and CACS was found. (Hypertens

Res 2008; 31: 1163-1170)

Key Words: coronary artery calcification score, diabetic nephropathy, osteoprotegerin, fetuin-A/e2 HS-glyco-

protein

replacement therapy (I). However, coronary artery disease

. (CAD) has not yet been thoroughly studied in these subjects.

intredspotion Given the high prevalence of asymptomztic CAD in diabetic

patients, it might be better to séreen CAD by some other
method than invasive and expensive coronary angiography.

Evaluation of coronary artery calcification score (CACS)

For predialysis chronic kidnc} disease (CKD) patients, the
risk for cardiovascular death has been reported to be higher
than the risk for end-stage renal disease requiring renal
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by MDCT (multidetector spiral computed tomography) has
been shown to be useful as a screening tool for ischemic heart
disease in the general population (2). With respect to CKD,
higher CACS by MDCT ha$ been used to successfully iden-
tify a history of cardiovascular disease in hemodialysis
patients (3), and Block et al. revealed that CACS measured
just after hemodialysis initiation predicted a future hard out-
come in“the dialysis period (4). These data imply the clinical

significance of measuring CACS in asymptomatic predialysis -

CKD patients.

Dyslipidemia and chronic inflammation, including the
inflammation associated with rheumnatoid arthritis, are known
to accelerate vascular calcification. Other diseases such as
ostegporosis (5) and diabetes mellitus (DM) (6) are also asso-
ciated with vascular calcification. In addition to these condi-
tions, CKD also contributes to vascular calcification, possibly
by disturbing calcium and phosphate metabolism (7). In 2006,
the KDIGO (Kidney Disease Improving Global Outcome)
group advocated a new diagnostic concept called CKD-MBD
(mineral and bone disorder), which combined extraosseous
calcification, laboratory abnormalities, and bone disease (8).
However, the association of vascular calcification and min-
eral metabolism was confirmed only in dialysis patients (9,
10).

With respect to the molecules associated with vascular cal-
cification, matrix Gla protein (MGP), osteoprotegerin (OPG),
and fetuin-A are reported to act locally or systemically to
inhibit calcification (11). However, regarding fetuin-A, con-
sistent results have not been obtained in predialysis patients
(12-14).

The aims of our study were to study the association
between CACS and CKD stages in predialysis diabetic CKD
patients and to determine the clinical parameters that are asso-
ciated with high CACS for the use of screening.

Methods

Patient Recruitment

This was a cross-sectional observational study on CACS in 2.

cohort of patients with diabetic riephropathy (DN). We

enrolled 85 DN patients who were recruited from the outpa-°

tient services of Osaka University Hospital in Japan between
April 2005 and April 2007. Individuals who had progressed
to end-stage renal disease requiring dialysis or who had a his-
tory of myocardial infarction, coronary angioplasty or coro-
nary bypass surgery were excluded. Those who were
receiving, or had received glucocorticoid or active vitamin D
were excluded from the study. Three patients receiving cal-
cium carbonate were included in this study. The study proto-
.col was approved by the ethical committee of Osaka
University Hospital and all the subjects provided written
informed consent. In this study, the diagnosis and classifica-
tion of CKD stages were established according to the criteria
from the Clinical Practice Guidelines for Chronic Kidney

Disease from the National Kidney Foundation—Kidnéy Dis-
ease Outcomes Quality Initiative (15). The glomerular filtra-
tion rate (GFR) was estimated (=eGFR) using the

. reexpressed Modification of Diet in Renal Disease equation

(MDRD) (16):
eGFR =175 x Cr*'%* x Age=%2% (x0.742 if female).

‘Data Collection . ~

We measured physical parameters, biochemical parameters,
bone markers, inflammation markers, bone mineral density
(BMD) and CACS. Blood pressure (BP) was measured in
duplicate using a size-appropriate cuff after the subject had
been seated in a chair for about 5-10 min. The blood sample
was taken on the day of the consultation visit and analyzed for
the followings: blood counts, blood urea nitrogen (BUN),
serum creatinine (Cr) measured by the enzymatic method,
albumin (Alb), calcium (Ca), phosphorus (P), intact parathy-
roid hormone (i-PTH), bone alkaline phosphatase (BAP),
1,25-dihydroxyvitamin D (1,25(0OH),Ds), 25-hydroxyvitamin
D (25(OH)D), total cholesterol (T-chol), triglyceride (TG),
glycosylated hemoglobin (HbAlc), C-reactive protein (CRP)
and interleukin-6 (IL-6). Intact PTH and BAP were assayed
using an Allegro two-site intact PTH immunoradiometric
assay (IRMA) kit (Nichols Institute Diagnostics, San Juan
Capistrano, USA), and an Osteolinks-BAP high-sensitivity
diagnostic enzyme immunoassay (EIA) kit (Sumitomo Phar-
maceuticals Co., Osaka, Japan), respectively. 1,25(0OH).Ds;
and 25(OH)D were measured using a 1,25-hydroxyvitamin D
RIA kit (TFB; Immunodiagnostic Systems Ltd., Boldon, UK)
and a "I RIA kit (DiaSorin Inc., Stillwater, USA), respec-
tively. Serum OPG and fetuin-A were measured using a
Human . Osteoprotegerin  enzyme-linked immunoadsorbent
assay (ELISA) kit (Biovendor Laboratory Medicine Inc.,
Bmo, Czech Republic) and a Human Fetuin-A ELISA kit
(Epitope Diagnostics Inc., San Diego, USA), respectively.
The serum Ca level was corrected for Alb by the Payne for-
mula (Ca; serum corrected Ca = Ca + (4 — Alb), if Alb <4.0).
BMD was measured by Dual Energy X-ray Absorptiometry
(DEXA) (Discovery A system; Hologic Inc., Bedford, USA)
at the lumbar spine (L2-4), femoral neck and distal end of

- radius.

Multidetector Computed Tomography

CACS was evaluated using multidetector computed tomogra-
phy (MDCT) (16-slice technique on the model Light Speed
Ultra 16; GE Yokogawa Medical Systems, Tokyo, Japan).
The timing of image acquisition was coordinated with the
diastolic phzfse of the cardiac cycle at 70% or thereabout (total
three phases) of the R wave to R wave interval (RR interval)
as determined through electrocardiographic monitoring with
a 2.5 mm gap between slices. Scanning time was about 30 s
for the entire zone of interest that encompassed the whole
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Table 1. Baseline Distribution of Demographics, Clinical Characteristics and Laboratory Parameters among CKD Stages

CKD stage
p value
1+2 3 4 5
n (female %) 18 (16.7%) | 26 (26.9%) 25 (32.0%) 16 (37.5%) ns.
Age (years) 63 (34-75) 68 (43-84) 68 (35-80) 60 (35-83) ns.
DM duration (years) 12 (5-40) 19 (5-37) 20 (5-44) 13 (6-37) n.s.
Body mass index 2524351 24.3+3.67 24.5+4.16 23.6+3.11 ns.
Systolic BP (mmHg) 132.9413.3 137.9+19.1 147.7+18.2 157.3+18.3 <0.005
Diastolic BP (mmHg) 80.949.3 74.4+11.1 77.6£11.4 82.6+13.3 ns.
Pulse pressure (mmHg) 52.0+12.0 63.5+14.8 70.1+15.7 74.6+10.7 <0.001
Lumbar spine (T score) 0.09+1.43 -026+1.23 -031%1.36 -0.41+2.28 ns.
-.Femoral neck (T score) —1.291+0.86 -1.39+0.85 -1.334+0.82 -1.73+1.70 n.s.
Distal end of radius (T score) -1.004+1.10 —143+1.54 -0.48+1.21 -1.60+2.18 n.s.
Hemoglobin (g/dL) 14.941.45 12.2+1.86 10.8+1.49 10.241.47 <0.01
Creatinine (mg/dL) 0.8840.19 1.67+0.29 2.76+0.54 6.51+2.40 <0.001
eGFR (mlL/min/1.73 m?) 83.4 (63.1-144.4)  37.6 (30.3-58.6) 21.8 (15.4-29.7) 8.07 (4.67-14.9)  <0.001
BUN (mg/dL) 14.8+3.76 27.0£8.30 45.0£13.99 61.1+£12.50 <0.01
Albumin (g/dL) 4.15+0.25 3.93+0.50 3.66+0.53 3.31+0.37 <0.01
Calcium (mg/dL) 9.44+0.33 9.39+0.60 9.04+0.59 8.43+0.94 <0.01
Corrected Ca (mg/dL) 9.50+0.31 9.61+0.40 9.40+0.45 9.12+0.81 <0.03
Phosphorus (mg/dL) 3.15+0.60 3.40+0.58 3.98+0.62 5.05+1.04 <0.01
T-chol (mg/dL) 200.4+28.0 191.7+29.9 179.6+30.7 186.1+43.8 ns.
Triglyceride (mg/dL) 183 (63-290) - 118 (41-297) 147 (76-243) 116 (44-214) n.s.
HbAlc (%) 6.69+1.04 6.70+1.11 6.66+0.94 6.03+0.92 ns.
BAP (U/L) 28.0 (17.5-48.7) 27.0 (10.3-50.6) 23.5 (13.4-56.6) 24.5 (12.7-68.6) n.s.
i-PTH (pg/mL) 48.3 (26.9-2164)  66.0(16.8-141.7)  104.2 (47.3-277.4) 2163 (73.6-470.2) <0.001
1,25(0OH).D; (pg/mL) 50.2419.9 39.7+14.7 23.0+11.7 13.4+14.8 <0.001
25(0H)D (ng/mL) 23.2+4.82 22.2+5.59 21.6+5.62 16.443.78 <0.01
CRP (mg/dL) 0.1 (0.1-0.5) 0.1 (0.1-0.6) 0.1 (0.1-1.0) 0:1(0.1-4.3) ns.
Interleukin-6 (pg/mL) 10.8 (0.5-68.2) 3.9 (0.7-45.9) 4.2 (1.2-26.4) 6.7 (2.2-68.0) ns.
Fetuin-A (g/L) 0.755 (0.213-3.852) 0.950 (0.536-3.036) 0.696 (0.434-2.325) 0.822 (0.175-2.200)  n.s.
Osteoprotegerin (ng/mL) 0.965+0.433 1.259+0.479 1.500+0.560 1.846+0.594 <0.001

Bone mineral densities of lumbar spine, femoral neck and distal end of radius are shown as T score. Corrected Ca = calcium + (4 — albu-
min), if albumin <4.0. CKD, chronic kidney disease; DM, diabetes mellitus; BP, blood pressure; eGFR, estimated glomerular filtration
rate; BUN, blood urea nitrogen; T-chol, total cholesterol; HbAlc, glycosylated hemoglobin; BAP, bone alkaline phosphatase; i-PTH,
intact parathyroid hormone; 1,25(0H):Ds, 1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; CRP, C-reactive protein.

heart. This equipment was capable of detecting lesions of a
density of at least 130 Hounsfield units (HU) and a minimum
area of 0.4882 mm?”. Total CACS was calculated using Smart-
score software (GE Yokogawa Medical Systems) in modified
Agatston units (/7). Scanning was performed at 120 kV and
300 mAs. The average radiation dose was 11.85 mGy as
CTDIvol (volume CT dose index), 142.15 mGy cm as DLP
(dose product length) and 97.4% as effective dose.

Statistical Analyses

First, subject characteristics were'compared across CKD
stages using x? tests for categorical variables, analysis of
variance (ANOVA) and Dunnett’s test for normally distrib-
uted continuous variables, and Kruskal-Wallis tests for non-
normally distributed variables. Data are expressed as the

mean+SD or median [range]. Normality was assessed for
all variables, with CACS, eGFR, CRP, IL-6, fetuin-A, i-PTH
and BAP requiring logarithmic transformation. In order to
log-transform the CACS, the conventional method of
Log (CACS+1) was used. )

Second, 'simp]e linear regression analysis was performed-
with CACS as the dependent variable and the others as inde-
pendent variables.

Finally, we performed multiple linear regression analysis
with forward selection, enrolling all variables witjh a p-value
of <0.05 in univariate analysis, with or without major risk
factors such as age, gender, BP and eGFR that were selected
a priori. Multicollinearity diagnostics were performed to
ensure the adequacy of the model produccd. Values of
p<0.05 were considered to indicate statistical significance.
IMP version 5.1.2] for Windows (SAS Institute Inc., Cary,
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Fig. 1. Stepwise increase in CACS with CKD progression.
As CKD stage progressed, the CACS (coronary artery calci-
fication score) tended to increase (p<0.002, Jonckheere-
Terpstra test). CACS in patients with stage 5 disease was sig-
nificantly higher than those in patients with stage 1+2 by
Dunnett’s test (p<0.001). For the logarithmic transforma-
tion, the conventional method of Log (CACS +1) was used.

USA) and Dr SPSS version 11.0.1J for Windows (SPSS Inc.,
Chicago, USA) were used to assist with the analysis.

Results

The clinical characteristics of the 85 patients (61 male) are
summarized in Table 1. Systolic BP (SBP), pulse pressure
(PP), BUN, phosphate, i-PTH, and OPG were positively cor-
related with CKD stage, whereas Hb, Alb, Ca, serum
1,25(0OH),Ds and 25(OH)D were negatively correlated with
CKD stage. In particular, a stepwise increase in PP was
observed with CKD stage progression (average 52.0, 63.5,
70.1 and 74.6 mmHg in CKD stage 1+2, 3, 4, and 5 patients,
respectively). A similar relationship with CKD stage was
observed regarding SBP. There was no significant difference
in age, gender, diastolic BP (DBP), or DM duration between
CKD stages. Dyslipidemia (statin users or abnormal-range
lipid parameters) was observed in 57.1% of all patients.

The median value of CACS was 256 Agatston units (range,
0-4494). There was a trend toward higher CACS with higher
CKD stage (Fig. 1) (p<0.002, Jonckheere-Terpstra test). This
' was especially true for CKD stage 5 patients, in whom CACS
was significantly higher than the values in stage 1+2 patients

(p<0.001, Dunnett's test).

Coronary Artery Calcification and Risk Factors:
Univariate Analyses

In simple regression analyses, CACS was significantly posi-
tively correlated with age, DM duration, SBP, PP, P, cor-
rected CaxP product and OFG, and significantly negatively
correlated with body mass index (BMI), Hb, Alb, T-chol and

Table 2. Simple Regression Analysis between CACS and

Independent Variables

)

L

Independent variables r p value
Gender —_ n.s.
Age (year) 0.287 <0.01
DM duration 0.337 <0.005
Body mass index -0.210 0.05
Systolic BP (mmHg) 0.336 - <0.005
Diastolic BP (mmHg) — n.s.
Pulse pressure (mmHg) 0.335 <0.005
Lumbar spine (T score) —- n.s.
Femoral neck (T score) — n.s.
Distal end of radius (T score) — n.s.
Log (eGFR) -0.324 <0.005
Hemoglobin (g/dL) -0.367 <0.001
BUN (mg/dL) 0314 <0.005
Albumin (g/dL) —-0.295 <0.01
Calcium (mg/dL) — n.s.
Corrected Ca (mg/dL) — n.s.
Phosphorus (mg/dL) 0.239 <0.05
Corrected Cax P 0.220 <0.05
T-chol (mg/dL) -0.217 <0.05
Triglyceride (mg/dL) — n.s.
HbAlc (%) - ns.

Log (BAP) - n.s.
Log (i-PTH) — ns.
1,25(0OH).Ds (pg/mL) —_ n.s.
25(0H)D (ng/mL) —-0.286 <0.05
Log (CRP) — 0.s.
Log (IL-6) — n.s.
Log (Fetuin-A) - n.s.
Osteoprotegerin (ng/mlL) 0.418 <0.001

'CACS, coronary artery calcification score; DM, diabetes melli-
tus; BP, blood pressure; eGFR, estimated glomerular filtration
rate; BUN, blood urea nitrogen; T-chol, total cholesterol;
HbAle, glycosylated hemoglobin; BAP, bone alkaline phos-
phatase; i-PTH, intact parathyroid hormone; 1,25(0H):Ds, 1,25-
dihydroxyvitamin D; 25(0H)D, 25-hydroxyvitamin D; CRP, C-
reactive protein; IL-6, interleukin-6.

25(OH)D (Table 2). No significant correlation was observed
between CACS and gender, TG, HbAlc, fetuin-A, inflamma-
tion markers, or any of several bone markers other than
25(OH)D and OPG. It was unexpected that there was no sig-
nificant association between fetnin-A and CACS, although
OPG, which has also been reported to be a calcification inhib-
itory factor, was significantly correlated with CACS (Fig. 2).

Simple regression analysis revealed that increased OPG
was associated with higher SBP, greater CKD stages, and
older age, whereas fetuin-A did not have these associations
(data not shown). These data might account for the link
between OPG and CACS.
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Fig. 2. Simple regression analysis for CACS by bone associ-
ated Cyrokmes The association between CACS and OPG (A)
and that between CACS and fetuin-A are shown (B). Simple
regression analysis revealed that CACS was positively corre-
lated with OPG but not fetuin-A.

Coronary Artery Calcification and Risk Factors:
Multivariate Analyses

We selected potential independent variables in multivariate
analysis from significant contributors in simple regression
analyses. We constructed two models in multivariable regres-
sion analysis with Log (CACS+1) as a dependent variable.
Model 1 was constructed using the stepwise forward method
and model 2 was adjusted for eGFR and traditional risk fac-
tors such as age, BP, and gender.

Potential explanatory variables in model 1 were age, sex,
SBP, BMI, Log (eGFR), Alb, T-chol, 25(0OH)D, and OPG. In
model 1, OPG proved to be positively associated and Alb
negatively associated with CACS (Table 3). Even after
adjusting for eGFR and traditional risk factors such as age,
gender, and SBP, OPG was still positively correlated with
CACS (model 2; Table 4).

Regarding OPG, which fit in both models, the receiver
operating characteristic (ROC) curve analysis for
CACS>200 revealed that the sensitivity and specificity of
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Table 3. Multiple Linear Regression Analysis for CACS by
Stepwise Method (Model 1)

Independent variables ~ [f-coeffient tvalue p value
Albumin (g/dL) -1.033379 -216  0.0342
1.9989543 438 <0.0001

Osteoprotegerin (ng/mL)
2=0.302, p<0.0001. CACS, coronary artery calcification score-

Table 4. Multiple Linear Regression Analysis for CACS,
Adjusting for Age, Sex, Systolic BP and eGFR (Model 2)

Independent variables B-coeffient  tvalue pvalue
Albumin (g/dL) —0.845862 -1.48 0.1442
Osteoprotegerin (ng/mL)  1.4094878  2.16 0.035
Age (year) 0.0264413 095 0.3454
Systolic BP (mmHg) 0.0171023 1.11 0.2722
Log (eGFR) -0.202159 -0.46 0.6483
Gender (female) -0.104371 -0.35 0.7242

r?=0.329, p<0.001. CACS, coronary artery calcification scOre;
BP, blood pressure; eGFR, estimated glomerular filtration rate.

OPG were 79.4% and 66.7%, respectively, when the cut-off
value was set at 1.207 ng/mL. The area under the curve
(AUC) was 0.716 (95% confidence interval: 0.594-0.837)
Regarding Alb, which also proved to be a significant contrib-
utor to CACS in model 1, ROC analysis revealed a similar
result. The AUC for Alb was 0.679 (95% confidence interval:
0.549-0.809) and the Youden's index was the highest when
the cut-off value was 4.0 g/dL (Fig. 3).

Discussion

Our study on predialysis DN patients showed that CACS
increased with the progression in CKD stages and OPG could
be a marker for severe CACS, whereas fetuin-A failed was
not a significant contributor to CACS.

Several studies have reported that CKD has a detrimental
effect on CACS. Cozzolino et al. revealed that CACS in
patients with stage 5 CKD was significantly higher than
CACS in other stages (18), and Kramer et al. showed that
patients with lower eGFR were more likely to have 2
CACS >400 than those with higher eGFR (19). Our study was
compatible with their study and suggested that early evalua-
tion of CACS and intervention might be necessary for predi-
alysis DN patients.

OPG is one of the cytokines affecting bone metabolism, in
addition to MGP and the bone morphogeneic protein (BMP)-
OPG inhibits activity and differentiation of osteoclasts, by
acting as a decoy for the receptor activator of nuclear factor K-
B ligand (RANKL). OPG is expressed not only on osteoblasts
but also on vascular smooth muscle cells and endothelial cells
(20). OPG-deficient mice are characterized by osteoporosis
and arterial calcification. These phenomena have been pre-



