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AR OAITAT £ CLM 0 O

Je8 W FH OBE-F ER

X UBHIC
EHL-OVOM W EOEL DN ZIRE, FMICBIT 3 EM MmN o B 08 0 R
BRE b D0H 5, LDRAOBFHCEOTIE, B HH6S L DOMERIHIMMIC B S

RICHAIT 2 DIIMAOWETHD, L LLOKMEFIRICBVLTE, ERHOHBHR%RION
BMEMVTIUIER L, WHIORMAAFOMER L BEDAENKE Y, T TYR T RN
AR 2 5GRM L, Srin 2 i KRBRICHEIFT 2 2538 LT, #Hi81 8 Bb 5 OfF Bith % B AMIC T
TLT &7, SR ORFMmiEZ T Ul 186 B2 ir AR 9 B ETH - B L TALUT Tho ke
B THRBEIL, K7zMEIMMMICE > /2 f] L MGG & 2 BRI L, ZORE L BRI
DWTHES LTz,

X5 - Fik

LR T 19964 9 AN 5 2003 2 BE TICATOIEMER LoD KMEEHRNE 27F TH-> 12,
Z05 bz BET LD 258FT, $XTOANTOMERFIT60.4% FHEFTR
73.5%H o 7z MEFMUITBIR A S, FPGEFl, WERAIIRFER, RO REF,
TOMTH o7z, AEMirmomEig, FRIE UTHEND 80 % LUT TABZE Hb A1 10.0 g/dl LLED
FHFHE L THED, IBESRIEREOARREE, SRS, BELT2ERE, EIBRRKREE
S ARZEDOMERE L LTS, FIELFPARPE LT3, BEmMFhO 7o b a—bid,
BEIBRMENC Hb 22 L, 100 g/di ETHAUE 1 MM &I 00 ml Bl L TV 5, RE&S
WTHNET Y A0RTF WK (EPO) # 6,000 HOATHIRIR 52 M ERE, & L <13 24,000 BAT
DR FFREZRICRE U, £z, $F1E LT T7<IUREE 8% 305 mg ZHEARRIRS Lz, T
CTmd APk ek, YEECOFNMERL Y FHNEETORRE Uk, #FHosE
8 BAfic ABtL, ARRHIC 400 ml DRFMZITY, 1 RRHOFMERICE 400 mlFFind 3 (EPO
BREBETEOHERYIEO 1EOH, MEOBEFEI3EERE223) L3 irfEkE 186 Flic i
1Ll MED . WERFHRIERLE PRAKIEAE T & OBREFITIIFFMMARIA 7 BT T, 400ml
DAHDEFIMTFMICEESR, ThHXUBITH- 7 (SED, METOREL E THE 8 BLETEL b A
RIEETH o BEICBVTE, FHPRELHANOFMERKB L, 20X S HER T HLL
LOEMBMBMROENTZDR 28 THo7 LE). ChOoD3IFOEBMERLLKT B L LI
MBI BV CRMIMEMC E > 70 L S8 mpiz 2, S, KE, EPOMEMN, AL Hb{E,
FTERTHb i, ATOABRRS, FHREE, HRIC OV TBOBOERBICHKR LT, BHCBINT,
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Witk 5B X TRMMEIMZ T Lo 26 ORMRIE & Uz, FHFEITSAERESRE
UM EEITZ A, WK 12 BRI R L— V3RS I Uize A TOBS RIS IBE TR
TREBE PG R RN U e, SR I HEEREE TR L, %ﬁn‘r—?ﬂﬁﬁ’i’bi student-t, y?,
DOV, pE<00E2FEEHD L UK.

FER

BEREOFWMAOANR, BIXOZOMIERMABIIE 1R Ui, BIIRNA 78 Z il fUarbyE
WHEDNB SN, FHiEZSLEOHAFNEHh i Bbhi, BOBO 3 ML
RERDIED TN, BIR S R ZHOMARIMB K L, PR OB BT F DA D
Teo BRFOWFE, Fi, KE, MRS, &mil, EPO ML, AW Hb fif, FHANH Hb 14,
ATLDIBBENY, Fofe), MemmEr 2, H31R U, SIROFMmMUNNE1~78, F555+
1.6 8T, LED9~28H, FH158+56 HTH o7, FERT I HHE M BT 400 ~ 800 ml, ¥
770 £ 103 ml, SHAYFXT 400 ml, L EEHY 800 ~ 1,600 ml, 51,029 + 249 ml T oz Mg,

1 NG & MR

izt ik ik

Ma¥ S8t Lt MB¥ S# LB
CABG 72 (63.7%) 29 (25.7% 12 (10.6%) 72.2% 55.2% 91.7%
VD 76 (78.4%) 8  (8.2%) 13 (13.4%) 90.8% 87.5% 92.3%

TAA 14 (87.5% 2 (12.5%) 78. 6% 100 %

CHD 12 (63.2%) 7 (36.8%) 100 % 100 %

ot 12 (92.3%) 1 (1.7% 66. 7% 100 %
CABG: MR/ XA /X th, VD FERMEF W, TAA: AR KBIBRDF #i
CHD: & X% LR BEFH

#2 WRBEOZ 1
iz = Fih *E Froafgf  #femfd  EPORE S
(WP (years) Kg) (days) {ml) (x1000 IU)

ME$ 186 119/67 63.1+12.9 56.3+ 9.1 80400 770+103 20.9+ 5.9
SH 44 28/16 62.7x10.4 57.3 £10.9 5516 400+ 0 38z 7.4
L3 28 18/10 61.6 + 9.1 59.6 + 9.6 15.8 £56 1029 +249 29.4 +15 3

#£3 HREEOL#R?2

ABRBEHD  FWEATHD AT OB FHESM MBME  p value
(g/dl) (g/dl) (min.) (min.)

WBE 130%14 11.0x14 114=70 246= 124 81 7% ]
S 129+17 T1.4=1.4 99549 242+ 155 68.2%} 0. 047+
LB 13.5+1.3 11.21.4 10935 223+ 53 92.9% - 0.231
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Fip, KE, AR HbE, FHIERIHbE AT O, FHREMCBVTINMcEEZRE
BIxh o fco MBDOERMMIEII8LTHT, SHOD682%L LLNAEICEHL (p=0.047), LED929%&
BBV DDOEREZ > a5 2. MBICHE W CERRMEBME] & Mapdufls, HE, E£in #KE,
fring, EPOfEFAM, ABtREHb{E, FWEN HbME ALUOEY, EHREOKSERCHELE
LT3 (&Y, Fis, KHE, ABIRHbfH, FMHET HbE, ATOMER, FHEMICBVTEE
ZEFBDIC, MEONT, 2 BB ORMENC Hb EA 100 g/d1 LT, 3 LIS ERERE, K
Rz FIT 00 m FMTELD o7 156 (81%) b, FOEBMEBIL 66.7 %L EVERICH
ST, 800 mlRrMBIDMEMMB & BRI BDED o/, £, FRHBMBEAMEDEE R T
L7cBliz 961 b, ZOMImMmEIE 44.4%E BRICED - 7z WR TR SA 7SR5 & FIEE
W2 % LEiE CRIMOESEICEBETH -7 (F5). 1B, SMcBVTHTIERDIL
oz,

LRMENARFEIC BT, hOFEMRICEL T TR &AM fERIC 13 3 A HH R
5N, FLFWHHINR LT HICHVRERMFERCNT BEMIERDDDH B, EMMEEAD
Lo EBRRNASEE LT, WO E MMM RTINS L3k b D, ATOMESHA
T HLRMEFMCHBOTE, BIEEE-RNITFELINTVLS 2, LHLZOMER0mEEN

# 4 MBHCIU B Wnrn By & Wi i o> BBt

®H ¥ 10 {5 #& dm.n 4 P{i
Bxh M/F) 17/11 102/50 0. 060
E R (years) 69.4 + 8.2 61.7 =£13.3 0. 002 *
iz} (Ke) 51.7 + 8.5 57.3 £9 0. 001 *
frin & (m1) 741 + 144 717 =9 0.067
EPOfERE (x10001) 21.9 + 4.6 20.6 = 6.1 0. 269
ABzEsHb  (e/dn) 125 £ 1.5 131 1.4 0.032

1.1 11.2+1.4 <0. 001 =
123 101 = 42 <0. 001 =
211 216 + 64 <0.001 =

FHEBHD  (e/dD) 10.0
ATLGB5ME (min) 173
Finesh (min.) 381

H

£5 MIHC B 5 MRIFIC NS 57

B8 HmE WBOE p value

800m| R 32% 15 (8.1%) 5 66. 7%
800m| 2% 171 (91.9% 29 83.0%  0.221
BRI (+) 9 (4.8% 5 44. 4%

EBAm () 177 (95.2% 29 83.6% 0012«

TR/ /SR 1 72 (38.7%) 20 72. 2%
HEBFH 76 (40.9%) 7 90.8%  0.003 *
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KBELTR, BRMT—ELTVWEVOLNRIRTH S, ERETENRAE, BE, KEROASH,
Wt TOMMICHT MDA, T —%F, HowRHTREZDT, 2mfFMmicid sh
FHCBETENRONTURTH S, BEMOKFMBREZRY, SROMMtZEHTENE, Wi
MBENREUNCH LT 2DREROC L THB. LHLOKMBEFHICBOTE, 2higEEHRD
FEIDNOIM 2 8 TFM & 72 BREFNT IR, F T REBROBIMEE 208 LI, i o AR
2RI HONBKRTH 5, NGB TOEMITEAMNTHSA, MMIBO LS Ha=y ~Hy
LTV B REBSRUNA T, T —0%IRPH -0, DMERIBY TONRRMIZREL
%<, BEOWHORMWABEREV, Lih> T, YMERL 75 THEN, ALOAMnE
MARAE 2%, BT EPOREDPHRATHZ C LIBMEI N0, BEAYDME
THEATN TV, FRELHETH ML 800 ml WA ET NI EORmMARASRE L EZHSNT
W5, TORAZNTZL, SOOI MNINERT B8, SHTRIFT8 ANDDARBLT
Sty bR AT L T &z, MMIMAHIE 817 % HIBREHASNEIBMTIXH 2H, i brinii
MIORWIEG L RT3 &, BRERRVLEODEOBINCH 57, ULH UIFHIERIAY 1 MEILLA
T, 400m] ULAKFMTEah o 7oES (SH#) XD I3 BIF MBIk Th - 1o, BLLITIICH
A TR E iz €3, BFE#RERLUEREEH S P, Lh LRMTRiN O % 20 H
100%MfESL ENTWIRWETE, 22 A Cmifime EPOKREDOHERS D, MMRMOTTHEIED 1%
TEMA B 6IE, TOBRBIERMEINDZIRETHS S 9, T OIFMiEThlFhmRIme 5 - 7=
B, MmN E, TEIS TR, 70 Hb il AMEL & W SRR NSREZ bh, AT Ok
ld K UT- W H O BOHIE 405 W SR BOME @AM CH > 727, < DEIN
T 800 ml DML FHITLATD Hb (fIAMBOM S IZ HARFE UKL, FHH 110 +14g/d1 CH o Tz,
DE D EPO ST, TSR X A I RMMNMET E50E Lhik, Y 2afx
F T X B ERIIE (9 R 3B B WS WEBHLNE Y, LHL, bhbiudbliil
WM TEEMADRE AT ER > TOBHUERLG LTV B 2, WROMOHIC B 3 I HE
BOOMIMEMTHBLVIWEBLRAENS A, Z0 800 ml 2 U7z %OFHiin Ho i Eh
RN TV SAEBEARRE B s, ChiZIFhuiRl & EmiEic i&FE L, < O Hb i
DR T DIFMEDIBRTH S S &5 X5, L LliTDREDSLNRIEITEMHR VMY, F
WETE TH 400 mI DIFMIZIRMFWRICHish &4 2 %, HIMBRAI-SIbOB =% B L i fl o
iR U o 7eh, s Ofefilidfirming, WcBERa < AMmmmzZE Lz EXD
N30T, FMEFFFICEAEMIRmM#IEE 5> P LREFEIRbNE, Fiz, Bl 7S X HTO
MADBFBIETFMICHAT TR B TH - DR, WFHDHBNRLIRAYT ST MFEUR L THIAIC
FHFHAREVC &, WRTCHRERA RS TN TV 8L, HIWPSnisdeEzbhi,
COWFMEDR YN 2R Ui S, WILFPRSEFW, OFERRRBMMMT L, Hieh AT Db
EERIPF MMM NER THNE, FIEFMETREEENEONB L BEbhl, Shlokm
MTTTEFRENTLFANMCED, HnYPE a3 ddh, BROFHETE—ANCHEZ
T T KBORIIBRZZRD, TE53BOEZNOFMETS | WA LIcREZLEDNS,
LA L, FEMmMtaie B9 HED, WA OBBZRBCHI AV EV S FHT, 4
BT TOX S BEMEREAL Uik, TRTOMIMCHEN L RVZIAVETE, S0
ARG SN WERNIC X L, LRSI ORI AR S & URr MR T F B4 7z el fn R 74 3%
RTEB—FHEELT, SBRBEALIEVWEEZ S,

162

-
!
e
s o —— v v -



53
ATOHZ AV 2 .0KMEFHICEWT, BFinfiRd 8 BT 800 ml 2 5 8 C A% 186
PUCHEATL, SRERME 817 % & LN RIS MAIRB 5N,

E
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BOMmism |175%% 28 20005128

R &

H C.If 400 ml #1114 2 WREIOANE S o © > EOEEEEC
5 Z 3 BE8RFOWMET

R HM=-#F XF-Bk BT 80 &5

Ui
HLBFREFHO—DTH 3 L FHRARBBIHICHE LT, 400 m RO M E 2 iy & 7
R BBz oA L, FEHmHDE 100 $EE LTV, AFHRONREE2BEITE CHE
THDEN, BERTOZENSN LI BUASH 5, BT, HCORMICE > TETFT 3~ES
Y (HbfE) Z2ELHET L OEFORGEEML, FEFEHREO 3 BREGICRNT 3
EZBFRICLTWVS P, LirL, BEOHSEE Zic & b il 2 8RI0ROF iz < EN3ERLH
%o SE, Fii 2 MHERNCRMZTT > 7HBEDOANE /O VOEHEIC S5 2 3ETIC O
THEE LTz,

NG - Ak :
BRWRAEISHBHIC BN T, XL ORI TASDRLDOTAFTOREIELN, FHO
# 2 BIREGIC 400 ml DECMIRMAHEIT L /2 BE 478 (B 134, h348) Qe L &
SRS B ORMATCHAMZIRER L, HbfE, myiil, 7xVF Vi, QYA (TIBO),
REROSIREENE (UIBC), MskHEL (TP), MM (PlD), BMERE (WBC) ZIE L=,
400 ml D H MW EIT> 24, 7 2272 ® 80 mg ZH0Z 72 1000 ml D5 PLHIRE Z 7 & 300 ml o
BRI RTY, SO RMBAL S 2 ¥R, 200 mg/day DHAIRRORE L 72, ARE, F
W B RTTBRIEATL, T DRSO Hb R MR Hb 2 Ui, WHBIMIGLHE, HEEDMRNC k5T
k%(ﬁ&%”ﬁ,%ﬁ?@,—ﬂumnﬂ®§M%ﬁofm%kb,mm%QHbMﬁTmﬁﬁﬁ
RZBHLEZLND, TTT, 400 ml OHDMIFMAE, 1000 ml D& FTRMIHEE 712 300 m] DI

ﬁ%%%ﬁok%@HbM%%M?%%,%ﬂfmwfw%%ﬁﬁ&”%MPTﬁm%$WHbﬁ%.

U7z, TEBUMIEN (CBV) % Ogawa 22 10 TRed, B 1Icmd Ric TR T Hb @51 1
Tl Hb ORMR Hb KT 3E1S (@) ZDH L7, £/, FIL - UFER Hb B0 RMAT Hb
T BHE (B) ZKD. = SITRMATDEMAT — & & B £ OMOIBBEEOEEE B
Uleo EHLEIZIZ SO (B EHAMIE  Scheffe i), 32 HEBLTCT Y » OARIEL OB
TRV, M SRR EIEED ¥ Uk,

FER
HRBELZAOTRHb ERINH Lz b T3, ZOTEN 124 g/dl T 7oy FAAIOTHE Hb

BREERAEZMT - 2B B2 R S IR U5

T



Bt : 0,168 X (B Fm))3+0.05 X $K E(kg) +0.444

* BROLARCBY) @
THE © 025X (FFm)3+0.063 X {Kifigkg) —0.662

(CBV—0c4)
CBV

i

« Bl FIHDE @/ R 1M BTHLE (g/d)) X

i % T I HLIT gy

£ M ATHLAE (/)
Wi ELATHOHT (wa)
"B = FRMLTTHL I (grany
K1 aBLUBONHEE
a o FRiM% T Hb MOBRMAT HL ic 3 588
B 1 R U 7= HiEHNT Hb R Hb ific 34 2 8ma
E1 ANBIUBEOBAITLLE RO IR
AB¥ Bt
(n=22) (n=25)
B (B %) 5 : 17 8 : 17
F i () 23.1%6.9 242439
B (em) 162.11+7.9 163.8+11.1
Kifi (kg) 53.9+73 57.7+13.3
IIRTFESS (i g/d) 88.1%31.1 84.8+273
TxYF (ng./ml) 51.6%+375 49.9+576
F8kiHE S He (TIBC) (ng/dD 281.5+38.8  288.4=%31.1
A FOFNEEFE S BE (UIBC)  (ug/an 1934539  205.0+40.7
MLIFEFE R B hE(TP) (g/dD) 7.1£0.4 7.1£04
[N A (X104 1) 214+5.6 23.4+53
A il ER % (X102, 1 1) 544+11.2 62.2+14.2
P 1 HTHb A (g./dl) 133%x12 %k 143+13
*k p<0.01 (Mean=SD)

ARE D ahV0.035 LLENTINU 720004
B o OIS 0.035 Kili T o fo iy

I 138 g/dI THHZDT, a DFEIF0.89 L7x%, Fiz, EMOWILA HbfHIX 128 g/d1 T
HoleDTRDFHFIZ0.929 5D, WHEED (f—a) &, FHME2AMTEE0.035 FRLT
WeC LicE %, TOTENS abb0.035 L EEMUBREZAREL L, 0035 KRG TH-mibEs
BfrE UTHIGRE Uiz, ATHZ 224, BRI 252 THD, NRIOBLE, #i6, S8, hdicik
BREREDONEN > o, TmBEMOMESME, 7o) FM, TIBC, UIBC, TP, Plit, WBCIC
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£2 CHBLUDEOBELEER L RMGTHEM

CBt D

(n=5) (n=42)
Bkt (B:%) 2 : 3 11 : 31
Fhip ) 242+114 23.6+4.6
HE (em) 164.6 8.0 162.8+9.9
LN} (kg) 56.6t4.4 55.8*11.5
L35 ek (eg/d)  106.0%462 k 84.0%26.0
ZxYF (ng./ml) 65.2+414 48.91+499
MEKFS A 8E (TIBC) (ug/dD 278.8+456  2859+33.8
FEFSHFE B EE (UIBC) (ne ) 172.8+86.3 5k 202.7%+41.0
1 $%#5 78 B 1k (TP) (g./dD) 7.0+04 7.1%+04
/AR % (X104 11) 20.2+8.1 22.8+5.1
H Bk 3% (X102 1) 49.8+11.0 59.5+13.4
FR (M BT HbAL (g/d) 132+1.38 13.9+13

* p<0.05 (Mean*SD)

CE: BHIUETH-I-iRE
D# BB IRBTHoBE

BREEESDONEh o 7H, BRdugi Hb {Ei £3 MEIBLUCRMIGRTENE 8 & DG
ABFTHITEMEERLE (1), LiL, T =

BRI Hb 2 § OHIMBIAIE SV TiE, Wi " 019 oz
R (0.069), FIEFREL (—0.093) & it e 0.235 0.150
LA . & 0.135 0.414
<, HEMZREED SNTh- Iz, sk 0,356 0026
R, HRamig 2 BRI OWENT Hb AN ER MG Tx)Fo 0227 0.166
(b ie b . - . KA1 (TIBC) 0207 0.208
Hb il Eicthn L7z CRE (B2 1) &zny Bk 1 (UIBC) 0359 0.024
TCLABESE LA 7D E (<) IR YRS 2 £ Ik (TP) -0.047 0.780
L, HRHEI U7z, CREZ 5%, DR 424 li/ A2 - 0.09 0.564
, . F1in 3R %2 -0.301 0.062
Thole, MBMOBREYNCHETRIZR £ THb -0.093 0.574

SR -ofe, mii#ks L O UIBC icH e
ZED (£, ULHL, B Hb HEST
TOMORMAREMICEZIIBD NI o, MiEEHE LU UIBC & BLOIWEEERS L, 18
BREIITNEN 0356, —0.359 LK<, FHEORICI, FIVIEBIBER L D ERS B hiah o7 (£ 3),

EE

LTRRB BRI MO SREL 55 & > h AT 2188050, BED QOL Z&itg
BLENHNORRITBCMMMALEENS, LRI BT B ERROBMINE, KBS OEFT 600
~ 800 ml TH B4, 1,000 ml A LHMT 2ERIGH2 780, HEicABEOMDEERT 375
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R ECMFLESAATH S, BaZ, AFICHLUTW00 ml OECOFLET> TWSEH, HEERc
BOTEHWETOR M 400 mlDBFEF & T o TWB 9, 800 ml LEDRFIEfTbiVELY R K
IFVZEERBROEIEN Lz 2D HRTET, Mc X5 P EEEES DI, +9%
W% & 2 0BEND B, FEENRFMIGRFHRTHD, KELOBREEE L, REREIER
HTHB I DNKRBEOAARET, WHIT IR < WNiFmymE & 32 EWTE BN, LEo
WA A RFMBORENMEET 2 2 E S IO WMEPERE T2 IRV EELH 5, 5
BRODFHIN I T IRHGHT MR AS 800 ml DA LB & 7% X S ERTIIT Y ZaR L2 4HHL
TFEM 1M E THRIOZTY, b DR TLE LA YEDSNTEh > LW S HERH 2 P, —
T, 2LOEMMB - T HHTHT 400 mliFfA U 7z B -EEHATIC IS0 T 100 %6 o )G s =
BTEZEWSHREY 5D, FTRARREINNZSZY 2 BE TIE 400 ml O & HiFilr fi s 4
T4 & B L THIBRMOLEER 100 %% X DEICHI I TES L X 5N B,

BRI EEE - THRMIMAICHRER Y UTHERT 201 WM, #ISHTHD Y, {it
RO A QA MEREA W, 2ihiciBiIdT52 1H30~40 ml TH5 90, THIC, Aiixs
ARSI B & ARIMERPEAE FAREIX IR 5 ~ 6 3 F TS B 'V, ChboDT MBI, 2O
fr IR (Mg 2RI THh 2 L5 IcE X 5N5, L L, SEMRE L7 47 5% 400 ml
Filit% 2 WICERITIITO HMEICE L7223 DR sTIDOBRTCH -T2 2 h 5, BEMICIE, b
LFEMETOUINIMN2WNLESHZ T ENUE LNEEZIBND, WD EhsTcc e by,
FPI-FE RIS T B C LT EEh oM, BUiFio Hb i RVIERO A B A>T T &b
5, FRIMGT Hb HAMEWE EARIMERE MAED TTHE T BAletE AR X e, Thid, BiRZHETimR
Fid, Wbdes 1~ 2 WO SHRD 5 EREEMBEOTIERA SN D LW S i1 5O 2 & —i)
T3, COMBE UTHEMBE T, HIROTWEE L L CEmgoRRETY 2o s
PHEREHO W T2 S ENE, LAL, Hicid, TY AORTF U E & SICHE & 808
WTHB, CHDO5NBIE, DRED 429080 & ELlE LT, B Hb fificidosh i <, miigkBs & U
UIBCICH %2 B lce 7 2 VFUCBAREEERD LN > 1M, FOFEIE D LD
48.9 ng/ml TH > e DI L CEF T 65.2 ng/ml EBWHINCH > 1z, THiZ, TUMBHB DA
MO Hb i ELE A, S22 BT B 72 DI IR DS T B ETHE MM S B, BRIMAL i
PICIMIC R T2 74 fkfZ2 RS L T0 20T, Smpiol D GRS 2 MR DRV L S i
Bonah, BOWTITIZFAZED DD, FROFTHC IR O W EE OB B OULIN I A - 1=
TEBUHD—DELTHZLEND, iz, CHOFIMIT Hb ({UX D BEOFN LA E L, Wy
IR ZE D o Te 2 M EHZ THETTMCHb ERICRITETWAAIEEA £ 615, LA L,
S ENIBEFHE S % OEFREE VA NE L TH AN DS DI TE b o/, ESICREIELEH D
CET, WIENAHNFRIONT 2 X b BaiaiiriziTd> CeMNajiE k3D ¥ 5,

tER
Brinm

#iah 2 DI 400 ml DIERIF 1T - T2 EPNC BT Hb fEEHIC R B LIETHFIC OV THRE
U7z, $RIMAT Hb fff & frrksk A Hb MEEREICHER 5 X TV ATAJEEEATR® E hi,
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SCHR

1)

2)

3)

4)

5)

6)

7

8)

9
10)

1D

12)

BEH#Ni=, WEEC, PRIV i ETRARBEMNCNS 2HN - FRXE Ol
RO B CIRMFIORE. BHAE 27:3138, 1999,

AR BOMROFROHAIRSICBIT 2 RSMORS. BTMm#MIMm 14199205, 2001.
Gregersen, M. L, Rawson, R. A. : Blood volume. Physiol Rev 39 : 307-342, 1959.

WFRE, BEME=, BA%C, it AChROBHBROBEROK, HBEDRC OV T—RE
HEBEBOLEK—. BCMmEm 14:106-110, 2001,

M BE, TREEL, BEB— AAAOBBNEREREONSE. R L 7ERE 18 833-838,
1970.

WMARL, RME=, BXEZ, i BRAEB L UCAREESBREREO QRN RERIcE
U3 ECmMmETRIE GE2H). Bl #MBSE $32, 2004.

RIFHEA, SBEIT, PEEM, i BRARTIAEHAIC B 5 B8 E S M i — 800 ml,
1200 ml B CMifiF D ARG —. B fufiRf  15: 148-156, 2002.

Bz 4, MERt, BHEF, i B2 BY % hEEmRI & FA0E S i m o
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BLOOD DONORS AND BLOOD COLLECTION

Daily doses of 20 mg of elemental iron compensate for iron
loss in regular blood donors: a randomized, double-blind,
placebo-controlled study

Hartmut Radtke, Joanna Tegtmeier, Lothar Rocker, Abdulgabar Salama, and Holger Kiesewetter

BACKGROUND: A considerable number of regular blood
donors develops an iron deficiency, and the exact amount
of iron required to compensate for the iron loss from
whole-blood donation in males and females is still
unknown.

STUDY DESIGN AND METHODS: A total of 526 regular
blood donors (289 male and 237 female) were randomly
assigned to treatment with either 40 mg, 20 mg, or 0 mg
per day of elemental iron as ferrous gluconate for a period
of 6 months, during which one unit of whole blood was
collected on four occasions (males) or three occasions
(females). Hemoglobin level, serum ferritin, and soluble
transferrin receptor levels were measured before each
donation.

RESULTS: Daily doses of either 40 mg or 20 mg of
elemental iron adequately compensated for iron loss in
males, who gave blood at 2-month intervals, but did not
result in a positive iron balance or an increase in storage
iron as reflected by the logarithm of the ratio of transferrin
receptor to ferritin concentration. In females, who donated
at 3-month intervals, the same daily doses not only
restored the iron balance but also led to an increase in
storage iron. The number of gastrointestinal side effects
due to iron supplementation (12%) was only slightly
higher in both iron groups than in the placebo group.
CONCLUSION: The resutlts of this study indicate that 20
mg of elemental iron per day can adequately compensate
for iron loss in males and femaies who donate whole
blood up to four (females) or six times per year (males).

he major side effect of whole-blood donation is

iron depletion. In Germany, men are generally

allowed to donate whole blood every 8 weeks

and women every 12 weeks. However, the nor-
mal diet is usually unable to compensate for the resulting
iron loss.'” Consequently, a considerable number of regu-
lar blood donors develops a negative iron balance that
may eventually progress to iron deficiency anemia.®’
Menstruating female donors are at a particularly high risk
for chronic iron deficiency. Although this is well-known,
only a few controlled, double-blind studies have dealt
with the question of whether iron supplementation can
prevent iron depletion in menstruating female blood
donors.®>" There is evidence suggesting that daily doses of
40 mg of elemental iron as ferrous sulfate can sufficiently
compensate for iron loss resulting from whole-blood
donation and can improve iron status.’®" However, the
question of whether a lower dose of iron is sufficient to
compensate for iron loss in female donors is still open. In
addition, controlled studies on iron supplementation in
male donors are lacking. Most importantly, no valid mea-
sure of iron storage was used in early studies.'*"® Today,
serum ferritin and soluble transferrin receptor levels can
be routinely measured and iron status can be much better
assessed than previously.*"” The logarithm of the ratio of

ABBREVIATIONS: Fe’* = elemental iron as ferrous gluconate;
log(TfR/F) = logarithm of ratio of the soluble transferrin receptor
to ferritin concentration.
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the soluble transferrin receptor to ferritin concentration
(logITfR/F)), which was shown to have a highly linear cor-
relation to body storage iron, is currently the most precise
measure of body storage iron available.!*’®* Here, we
present the results of a double-blind study in which we
randomly assigned regular male and female blood donors
to treatment with 40 mg, 20 mg, or 0 mg (placebo) per day
of elemental iron for 6 months.

MATERIALS AND METHODS

Selection of donors and study design

A total of 526 regular blood donors (289 male and 237
female) were enrolled in this study, which was approved
by the Ethics Committee of Charité University Medical
Center. Written informed consent was obtained from all
volunteers. In accordance with the German guidelines for
blood donor selection, all donors were determined to be
healthy based on their history and had hemoglobin (Ib)
concentrations of no less than 13.5 g per dL (males) or
12.5 g per dL (females). The investigational products con-
sisted of identical capsules in blister packs containing 1.5
mg pyridoxal-phosphate, 2.25 pg cyanocobalamine, 400
mg ascorbic acid, 200 ug folic acid, and 75 pg biotin with-
out (placebo) or with 20 mg of elemental iron as ferrous
gluconate (Fe*) (Phyt-Immun Gmbli, Homburg, Ger-
many). Ascorbic acid was added to enhance iron absorp-
tion. Because most people believe in beneficial effects of
vitamin supplements, the other selected vitamins were
added for improved compliance. The form of iron used

289 regular donors,
male gender, 1 > 13,5 g/dh,
informed consent

l

meets the European Community criteria for dietary foods
for special medical purposes. The participants were ran-
domized to one of three groups receiving either 40 mg
Fe*, 20 mg Fe*, or 0 mg Fe* in two capsules once daily
for 6 months. Hb, serum ferritin, and soluble transferrin
receptor levels were determined before blood collection
at each initial and follow-up visit. Each male volunteer
was scheduled for a total of four visits, including a ran-
domization visit before the first donation at Week 0 and

" three subsequent predonation visits at 2-month intervals.

The females were scheduled for a total of three visits: a
randomization visit at Week 0 and two predonation visits
at 3-month intervals (Fig. 1). The intervals were chosen in
accordance to the German guidelines, which allow six
donations per year for male and four donation per year
for female volunteers. Volunteers with hemoglobin con-
centration less than 13.5 g per dL (males) or 12.5 g per dL
{females) were deferred, but not excluded from study.
Compliance, which was defined as the ingestion of at
least 90 percent of the capsules as prescribed, was
checked by counting the returned capsules between
blood donations.

Laboratory methods

[emoglobin concentrations in fingerstick blood samples
were determined by the acid methemoglobin method
using a photometer (HemoCue B-Hemoglobin photome-
ter, HemoCue, Groflostheim, Germany). Ferritin and sol-
uble transferrin receptor concentrations in serum were

237 regular donors,
female gender, Hb > 12,5 phdl,
informed consent

Visit 0 Visit 0
Randomization Randomization
Visit 0 97 assigned to 96 assigned to 96 assigned to 79 assigned to 79 assigned to 79 assigned to Visit 0
18t 40 mg Fe™ daily 20 mg Fe™ daily 0 mg Fe” daily 40 mg Fc” daily 20 mg Fe™ daily 0 my Fe™ daily st
21 dropped out 17 dropped out 25 dropped out
Visit 1 74 donated 78 donated 67 donated
2 defesred 1 deferred 4 deferred 13 dropped out 24 dropped out 32 dropped out
[ [ ] 66 donated 53 donated 43 donated Visit 1
20 dropped out 20 dropped out 24 dropped out 0 deferred 2 deferred 4 deferred
Visit 2 56 donated 59 donated 46 donated
0 deferred 0 deferred 1 deferred
2 dropped out 5 dropped out 7 dropped out 9 dropped out 11 dropped out 7 dropped out
Visit 3 53 donated 53 donated 36 donated 56 donated 44 donated 34 donated Visit 2
1 deferred 1 deferred 4 deferred 1 deferred 0 deferred 6 deferred
Fig. 1. Flow of participants during study.
1428 TRANSFUSION Volume 44, October 2004
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determined by nephelometry using an automatic analyzer
(BN Prospec, Dade Behring, Marburg, Germany).

Statistics

Sample-size calculation, randomization, and statistical
analyses were performed using software (Stata for Win-
dows, Stata Corp., College Station, TX). Based on the
serum ferritin concentration, the required sample size was
determined to be 49 males and 40 females per group,
assuming a power of 0.9, a significance level of 0.0167
(Bonferroni adjustment for three groups), a smallest
meaningful ferritin difference of 10 ug per L between
groups, three (males) or two (females) follow-up measure-
ments, a within-subject correlation coefficient of 0.8, and
a standard deviation (SD) of 26 ug per L (males) or 22 g
per L (female) for serum ferritin. Assuming a dropout rate
of 50 percent, we arrived at a final sample size of 98 males
and 80 females per group.

The randomization plan was generated using block
randomization with variable block length. Statistical anal-
yses were performed as an intent-to-treat analysis for all
participants coming for more than one visit using a linear
regression model for longitudinal data (cross-sectional
time-series regression model with generalized estimating
equation analysis)." The logarithm of the ratio of transfer-
rin receptor to ferritin concentration, an accepted mea-
sure of storage iron, was used as the outcome variable. To
model the change in storage iron over time, we applied the
difference values for log(TfR/F) and included the iron
supplement as the predictor variable.

RESULTS

Males

Of the 289 male volunteers (age range, 19-67 years)
enrolled in the study, 141 (49%) dropped out, yielding a
dropout rate of 44 percent in the 40 mg of Fe** group, 44
percent in the 20 mg of Fe* group, and 58 percent in the
placebo group (p = 0.075; Fisher’s exact test). A total of 63
(45%) of the male dropouts withdrew before their second
visit (Table 1). The mean interval between visits was 60

IRON SUPPLEMENTATION IN BLOOD DONORS

days. Deferral from donation because of unacceptable
hemoglobin concentration values (<13.5 mg/dL) occurred
in 14 of 825 visits (1.7%). This was more frequently the case
in the placebo group than in the 20 mg and 40 mg iron
groups (n =9 vs. 2 vs. 3, p = 0.022; Fisher’s exact test).
Compliance was poor in roughly one-third of the male
participants.

In the male placebo group, the mean serum ferritin
concentration decreased from 35 pg per L at baseline to
21 pg per L at the final visit, the number of males with
depleted iron stores (ferritin <12 pg/L) increased from 20
percent to 54 percent, and the mean concentration of sol-
uble transferrin receptors rose slightly from 1.6 mg per L
to 1.7 mg per L (Table 2, Fig. 2). In the male 20 mg iron
group, serum ferritin decreased from 35 pg per L to 25 ug
per L, whereas the median ferritin value changed only
slightly (Table 2, Fig. 2); both the number of males with
depleted iron stores (25%) and the transferrin receptor
concentration (1.5 mg/L) remained nearly constant. In the
male 40 mg iron group, the ferritin (33 pg/L) and transfer-
rin receptor levels (1.5 mg/L) remained constant, whereas
the number of individuals with iron depletion dropped
from 26 percent to 13 percent.

The log(TfR/F) remained nearly constant in both iron
groups, but rose continuously in the placebo group

®
1
-y

y
w

_

+ ——
= ——
f —
i

: {

t t
=y N

[i/6w] so1dave. uusysues

+
[=}

0123 0123 0123
40mg 20mg 0 mg

0123 0123 0123
40mg 20mg 0 mg

Fig. 2. Box-plot for the concentration of serum ferritin and sol-
uble transferrin receptor in male donors.

TABLE 1. Reasons and numbers of dropouts during study
Gastrointestinal
Unknown complaints Poor compliance Other

Reason (%) (n/total) (%) (n/total) (%) (nftotal) (%) (n/total)
Male donors

40 mg iron 15.5 15/97 5.2 5/97 12.4 12/97 13.4 13/97

20 mg iron 18.8 18/96 6.3 6/96 16.7 16/96 3.1 3/96

0 mg iron (placebo) 20.8 20/96 6.3 6/96 21.9 21/96 11.5 11/96
Female donors

40 mg iron 8.9 7/79 2.5 2/79 10.1 8/79 6.3 5/79

20 mg iron 20.3 16/79 6.3 5/79 11.4 9/79 6.3 5/79

0 mg iron (placebo) 241 19/79 3.8 3/79 10.1 8/79 11.4 9/79
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Females

e concartain, umber of doners it depeted. | Ot 237 female voluneers o ange
transferrin receptor to ferritin concentration (log[TfR/F]) for all donors with 19-65 years) enrolled in the study, 96
at least one follow-up visit (41%) dropped out, yielding a dropout
Ferritin (pg/L) Depleted iron stores log(THR/F) rate of 28 percent in the 40 mg iron
Visit number (mean + SD) (%) (n/lotal) (mean * SD) group, 44 percent in the 20 mg iron
Mi‘"g ;‘;”3(’; group, and 49 percent in the placebo
0 327 +27.5 26.3 20076 1.54 £ 051 group (p = 0.015; Fisher’s exact test). A
1 31.4 +18.8 16.2 12/74 1.47 £ 0.49 total of 69 (72%) of the female dropouts
g ggg i :g:g };g "7);22 :gg J_f gg; withdrew before their second visit
20 mg iron (Table 1). The mean interval between
0 34.7 £36.3 25.3 20/79 1.48 £ 0.48 visits was 88 days. Deferral from dona-
; gg; i gg? g;i :;Zg 1::3 i 81; tion because of unacceptable dropout
3 25.0 + 19.8 245 13/53 1.62 + 0.47 concentration values (<12.5 mg/dL)
0 mg iron (placebo) occurred in 13 of 546 visits (2.4%). This
? g?; i gg; :138:; ;:g; : :g? i giig was the case more frequently in the pla-
2 2494247 29.8 14/47 1.60 + 0.52 cebo group than in the 20 mg and 40 mg
3 2141275 53.9 21/39 1.67 £ 0.53 iron groups (n =10 vs. 2 vs. 1, p =0.001;
Feg(‘)a:igdi‘:gs’s Fisher’s exact test). Compliance was
19.3 £ 15.0 39.4 26/66 1.43 + 0.65 poor in roughly one-quarter of the

1 28.5+19.8 15.2 10/66 1.26 £ 0.49 female participants.
202mg iron 314 194 14.0 8/57 1.29£0.54 In the female placebo group, the
) 20.0 + 32.3 54.6 30/55 1.38 + 0.46 mean concentration of serum ferritin
1 2331279 45.1 23/51 1.36 £ 0.42 decreased from 18 pg per L at baseline
o ig iron (placebo) 23.5 1 2611 344 15/44 1.3540.49 to 15 pg per L at the final visit, the num-
0 17.7 + 15.0 48.9 23/47 1.39 + 0.65 ber of females with depleted iron stores
1 17.6 £ 145 44.2 19/43 1.40 + 0.42 (ferritin <12 pg/L) remained constant
2 1514123 48.7 19739 1.55+0.66 (49%), and the mean soluble transferrin
receptor concentration rose from 1.4 mg
per L to 1.6 mg per L (Table 2, Fig. 4). In
the female 20 mg iron group, serum ferritin increased
Males Females from 20 pg per L to 24 ug per L, the number of individuals
: . with depleted iron stores decreased from 55 percent to
3 - 34 percent, and the transferrin receptor concentration
' remained nearly constant (1.4 mg/L). In the female 40 mg
o 2 iron group, ferritin concentration rose from 19 pg per L to
E 31 pg per L, transferrin receptor level fell slightly from 1.4
= mg-per L to 1.3 mg per L, and the number of individuals
S 1 . with iron depletion decreased from 39 percent to 14

percent.

0 The log(TfR/F) dropped in both iron groups, but rose

0123 0123 0123 0612 012 012
40mg 20mg Omg 40mg 20mg 0mg

Fig. 3. Box-plots for the logarithm of the ratio of soluble trans-
ferrin receptor to ferritin concentration in male and female
donors.

(Fig. 3), as was clearly demonstrated in the regression
analysis (Table 3). The log(TfR/F) value increased by
nearly 0.09 per donation in the placebo group, but
changed only marginally in the two iron groups. Both iron
groups differed significantly from the placebo group with
respect to log(TfR/F).

1430 TRANSFUSION Volume 44, October 2004

continuously in the placebo group (Table 2, Fig. 3), as
demonstrated by the regression analysis. The log(TfR/F)
value increased by nearly 0.09 per donation in the placebo
group (Table 3), but decreased by roughly 0.06 and 0.12,
respectively, in the 20 mg and the 40 mg iron groups.

Side effects

Most donors (approx. 60%) did not report any side effects.
There was no significant difference in the incidence of
adverse effects between the three groups. In particular, the
frequency of gastrointestinal complaints was low (11% in
the 40 mg iron group, 13% in the 20 mg iron group, and
11% in the placebo group).
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cent.”® The question of whether the
TABLE 3. Regression models for the change in log(TfR/F) other vitamins may play any role in this
Predictor Coefficient 95-percent confidence intervai p value context is speculative. The only reason
Male donors for including these vitamins in. the
20 mg Fe® -0.074 -0.121 to -0.028 0.002 . S d .
40 mg Fe* ~0.118 -0.168 to -0.068 <0.001 investigational products was our desire
Constant 0.091 0.058 to 0.123 <0.001 to improve the compliance rate.
Female donors In the present study, we monitored
20 mg Fe? -0.150 -0.238 to -0.061 0.001 ferriti d solubl ferri
40 mg Fe** _0.209 ~0.292 10 -0.127 <0.001 erritin and soluble transferrin receptor
Constant 0.086 0.018 to 0.153 0.012 levels as well as the logarithm of the
TIR/F ratio. The latter variable, which

{i/6w] Joideces uweysues)

012 012 012
40mg 20mg Omg

012 012 012
40mg 20mg Omg

Fig. 4. Box-plot for the concentration of serum ferritin and sol-
uble transferrin receptor in female donors.

DISCUSSION

Regular blood donation frequently leads to iron depletion,
and it has been shown that iron supplementation can
prevent this complication.*'®"! However, the exact dose
needed to compensate for this type of iron loss remains
unclear, and there is uncertainty as to whether iron sup-
plementation is required in both male and female donors.
Attempting to elucidate this complex issue mote precisely,
we monitored the logarithm of the TfR/F ratio as a mea-
sure of body storage iron in regular male and female
whole-blood donors. The donors were randomly assigned
to receive daily supplements containing selected vitamins
plus 40 mg, 20 mg, or 0 mg of elemental iron. Dropout
rates were marginally (male) or significantly (female)
higher in the placebo group than in both iron groups. The
reason for this finding is obscure.

Daily doses of 40 mg and 20 mg of elemental iron
resulted in both a positive iron balance and an increase in
storage iron in female donors and compensated for iron
loss in males. This indicates that 20 mg of elemental iron
per day is indeed sufficient to compensate for iron loss in
both males and females. The differences in storage iron
responses may be due to the shorter donation intervals
in males (every 2 months) compared to females (every 3
months). It is likely that the ascorbic acid in the capsules
may have increased the iron absorption by roughly 50 per-

was shown to have a highly linear corre-
lation with body storage iron, is the most precise measure
of body storage iron available.'*’* Until now, body iron of
blood donors was assessed mainly by measuring serum
ferritin."**” However, this variable is somewhat unspecific
and may give false-high results in the presence of various
underlying diseases.? In fact, if ferritin had been the only
variable used for assessment of body storage iron, the
effects of 20 mg elemental iron in males would have been
underestimated in our study.

Interestingly, the number of side effects in the two
groups treated with iron(Il)-gluconate was only slightly
higher than the number observed in the placebo group. In
particular, the incidence of gastrointestinal side effects in
the iron groups was very low (12%). Due to the slight risk
of poisoning in children, iron capsules should be delivered
in individual packages. Elemental iron preparations like
carbonyl iron are preferred as an alternative by many
experts due to the much higher lethal doses.*'%2*?! How-
ever, carbonyl iron is not available in the European coun-
tries. In comparison, bioavailabity of carbonyl iron is
slightly lower than that of ferrous salts,?! but side effects
seem to be comparable: The incidence of gastrointestinal
complaints for both preparations was reported much
higher in two previous studies, probably due to the sup-
plementation with higher doses of iron.*?' The utility of
iron supplements for prevention of iron deficiency in
menstruating female blood donors is currently being dis-
cussed.”* However, others and we prefer a supplementa-
tion of iron for a short-term period after blood donation
but not in general.

In conclusion, our resuits indicate that daily doses of
20 mg Fe** can adequately compensate for iron loss result-
ing from whole-blood donation in males who donate up
to six times a year and in females who donate up to four
times a year.
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