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HE ABERATEILE » 2 G HEEEEEE
I FERIE T - ABEKHY 75% B & ZER 1M
#L 32 (hemoglobin) H' » B & A RE 5 10-20%
B 88K H (ferritin) F5 77 > GETE TR ~ HE Mk

B R R PRI 1-2 25y 0 (2
B8 H TR ESE 20-25 25 ZEERERE
PIRLIMERATEIAT A - Y RysEa] o3 Ry R
RENY)EL L E AV IMAL SR 8K (heme) » S0 FLR
B TP RYFEM AL ZE 88 (nonheme iron) ° FEMIHKL
AR B DUR TS0 = (HE (Fe* B
NFAE » B+ HEERH R eE B -
#J DCYTB (duodenal cytochrome B) %32 Ji{ 5 7]
MR B (Fe®) 18 » 15 HH G B M M TH G Y
DMT1 (divalent metal transporter 1) 3 AL © ]
ML AT 5 B8R R KA 7l v AN B e - AT RE S @ s
NS b Y HEGE 5 1 B2 B AR R RS2 AS S A
AN - #1400 heme responsive gene 1 (HRG1) ° ifi
TEABAI H hemoxygenase-1 (HMOX1) FEH —{H
W o FEN BN - S ATHEEE ferritin A5 & R
TERIIA - 2 R EEIGE A TR L © B

FIEBET s H AR 2 R R - 20E 7 AR RS EC IR 8/ 5 E 5 1 (ferroportin, FPN)
TS~ SRS E S - HEERIME N » 4% hephaestin LR FF K Ey
HIRUL HER H#mEug
? & 4 Ay Mm&E= B Tt A
Heme Heme 'J
HOX1 N s e
Fe* FHie ~ hehe H MmAEE
DMTI1 FPN | .
Fe?* —— Fe?* ———f—»Fe?* Fe3* o BRI
ERE RN N
g’/\"ﬁ}ﬁ%ﬁil DCYTB l Hephaestin | po- . Heme
transferrin
B I_‘ EmER ESAfEF
Fe3* Ferritin 34
¢ Fe2+ Fe3*— - iy
Nonheme Fe2* € Fe3*
Iron Fe** Holo-
transferrin /
4 |
PPIfE F] L o AEBaRI B
Hepcidin Ferritin
P& B IR UL | N Fe2*
ﬁii BRRE | (R
% - HID e i 4 48 45 4
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HEsEim HEREATE
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(Absolute iron deficiency)

(Functional iron deficiency)
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—(E#% - BB FEESRE 1 (apo-transferrin)
#5465 K holo-transferrin 2 &5 78 » H X BT
g~ RS SR ERE B E X RS LG
IMAFA » AEECALIMLER - & RLIMERE L83z 1R
FF 6B T P Wk ) T 1k 0T el 2 £ 1T 7 R 1
(phagocytosis) * FH HMOX1 [B1 I AL 35 & HHEY
5% X PIEER R HEBLEE F (transferrin) K55
WHEXFA o MAEZER transferrin FE L 0] 5EH i A
#13 ek - B H &8 % ZGEE (turnover)
D BB (E—)*0-

P Al R 2R FEFHER (hepeidin HYEH
% - Hepcidin & H 25 {li g B FAH A B E -
FHIF SR 7300 » DIREREE ferroportin A5 ET »
fig {7 ferroportin % [ fi# ° Ferroportin HY 43 fi#
ELEE T I E YR KR A - ST kA AR Y
¥ 2 mAGE G CE H Bl A1 (transferrin saturation,
TSAT) » & & K #& Il fiE (hypoferremia) ©
Ferroportin tHAZTE A HENR A K2 SR A BRI ARAT
F Bt I - & hepcidin B ferroportin F&5 o »
EEEER Y FEHEE (sequestration) TERHAAIES »
GG HAREARBE A -

Hepeidin (Y ELEZ B N8 & &~ B R
BFE ~ RLIMER AR BERTRR S8 7 R R P g 2 - gk
Y FH 2= 2 32 210 Wik #3615 17 &= A1 ML holo-
transferrin & & 3 #2 - & & & 1k BMP (bone
morphogenic protein) * F{E) F#HY Smad S H
W%+ 7% hepcidin P EESREL AR 1 o B Y
Y3 $5 25 H 32 2 (transferrin receptor 2, TfR2)
& & M I #% H holo-transferrin & & * 7E holo-
transferrin & & 5 BB I hepeidin 8% 12 - A6 AF
& R AT % % matriptase 2 ( Zf# transmembrane
serine protease 6, TMPRSS6) % fi# Il & #&
(hemojuvelin) 2 1 #] hepcidin & $% '° » Hepcidin
HEZIRREANEE  FERERTZ
HH I 3 IL-6 (Interleukin-6) » i 51k JAK2/
STAT3 (Janus kinase 2/ signal transducer and
activator of transcription 3) & £€ » ¥ Jll hepcidin
FEH - (A R A BRI - S BGE
VEFHSZHNH] 1 o 59— 3R HE IR 18 /2 & 38 activin
B B L5t Smad GRS IR - B4 hepeidin 2%
B o BRAR AL IMBRAE B AE R RIER ] hepeidin

RKEIER o RLIMERAE B S IERERR A KR &Y
R - A M BURERT - & R N E
FBUHE REAM IR (interstitial fibroblast-like cells) 43 ¥
ALIMMER A B3R (erythropoietin, EPO) HI #AL [ Bk
RAE M BL3E - A I ) 3L erythroferrone 7 4

28 A= H I B3GR SA 2 1 B NS PR 1) e 726 42
hepcidin » WA A BTGRP B R K b7
SHRE R DA B AL MR A2 1617 A iE i
hypoxia-inducible factors (HIF-1o, HIF-20) i& 1k

TMPRSS6 Zif# hemojuvelin * J8/ hepcidin #2357
18,
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Rz - HEK B A KA HE R - H AT A5
T R E R o7 R i E 88 B R Z (absolute
iron deficiency) Fl1 2jj BE 4% # & ik Z (functional
iron deficiency) ° & ¥ $8 B BRZ Ff it f8 P SAE f
frE NREGERIEBN s MR EEhE
Y 8 IR 3 Y B 2% 28 14 523 5 [ HE hepeidin 3 1A
B o BLIF R HE e Gl = R B R Uy
i - AHAI#EFEEE (sequestration) 7E/ B B FITHIAR A
RSB - R S RSP A o 38 [ 8 R
Z I RE A B L FIAALE 20 -

e M B B iy B 3 - REEEE R Z =
ZE AR BRI 2 ~ BB IR A B 2k LA
B o 181 B s 1 s S I R B = - PR
FHE S HU/ MR DT REAR T BB F Brst M g2 48
AL R Ay SR B o B8 R EE YA S R
BH BT N5 S B3 » & = HESE R —
{88 NGB E R« S 53 TR Y
it 5 ] 1R A5 PR $K (ferric citrate) HI W] 384 1 5
E R 22 o B IMAGENT S - AR R
2 78 TSI AT I 982 9 84 A 325 A 4 ' R S Bk M
FIERETRA o DRE T 88 ik & WY K W fE
T ZBE I ¢ hepeidin T 5 S B8 AL I 3R AR BRI
B 7 (erythropoiesis stimulating agents, ESAs) °
Hepcidin £ {8 14 B gn £ & & E 2B T &0
g AR M 1 3 R SR B R M
R (ANIL-6) FhiE > LUK hepeidin H B 9
THERIKA AT [ 224 o 18 1 B s i Bl 38 AR 1Y
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FH B K] 32 B0 §5 S8 (L8R 7 (oxidative stress) ~ JR
TR RME BRI BRI R EEAE
T TG A B 19 112 38 2 /E I 55 2°2¢ = Hepcidin FF
e B R 35BN S R SO D MRS T
AR 2 - HEFE R EE M (anemia of
inflammation)?’ %4 2 [M1iE 18 1 BV s Fe
EMAYREFRK z — » FEFEKEE B RS
EEGLIMER A R BLE R 2 - Kk - 18R
Biksi R85 A B S AL IMER A BORIBOR 67 - 2
I8 B L EGEE RO S A R SR R
& o 5RO A - SRR E R » -

MR BRI R RN EE - Na2
i B B R BT REME SR B R A B R R TR
FHRH - FTRERG IO/ LE FERE =R  DREME$8E ik
Z e SR TR 0 o fEREZIEN
1S 1 B s 8 - N IS OF &L - K
FAIMIL T #8FT TSAT - BB DI6E T RER1 B2 52 E T
IGHAR 2? o — BTk T 2513 fidk
FENTHIIS 1 B s FR 3+ BT RS SRR AR RY
TSAT H1 ferritin » BTGB AR - SR
NZIMAL R SR P - Btk
Bk 5145 f7IEENTRY ST B B B - R REUR
TSAT < 15% IFf » SRR T 2A ROIIE R
(major adverse cardiovascular events, MACE) 24
KI5 B ferritin HIELZE (- SRMERY - 2
ferritin > 300 ng/ml L& FFEIELCE o FLAGRA
ML F R -

# H Rz AE2ER R E YIRS

HEBRZAERS B R RS WA
W o B EEAYRBIEH ST - HAMGE IR B RS
HE~ DEzZ > JBR - w8 EEAED -
W B - HIRFIEEE Y 0 BN RE R
B (restless legs syndrome) HH *° - E A5 HEH
BB RURRE - BlanetE B R R B - e
AR B T E SR I e L AR A - DATERY
HRSERE -

BRI R RO R E B E R
B B ARAE » HIE H AR RS2 1Y) Py ol B P
s HEE AMENTEE RS - IKEH A
5y 2137 o (K H AR B8 B i 3 0 Ay

EPIEEEE (biomarker) © KDIGO (Kidney Disease:
Improving Global Outcomes) 8 75 | 73 5% 12 14 & ik
e BBV R 2 B I - [RIRF ] 288
iR Z FHRAFEAT o Sl A5 E AR 2 SRLIMER 2B JE
BARNEREE - BAOF=EH Bl — R E
FERHFEAE 3F -

El B 72 B 888 Rk 2 I o 0 Y FE AR 2
TSAT F1 ferritin®® o 35 F ll 8 AR N R R 88 &
iR+ SR ¥R 32 BT 09 B B (cut-off value) Il
BEMR LR - ELBEBNES » ACC
(American College of Cardiology) U875 | &% &
hZ Ry ferritin <100 ng/mL BAE ferritin <300
ng/mL AJIEHL T » TSAT <20%°%4 « SRIEIE M
TR B - ZEIRT [P R PR E R
GHFEIMARN - SR ERSEERZRE &
HrEMZEHNZE —EmILE® - KDIGO 575
R W R B R & FE My R
3% TSAT <30% H. ferritin <500 ug/L 1Y 35
JEH% 52 81595 38 - ERBP (European Renal Best
Practice) HIl\2 2 3 TSAT <25% H. ferritin <200
ng/L( RELSEMTIR ) Bi< 300 pg/L( EEXE
19 B ) 82 SZ 88 HE ¢ - i KDIGO 3T #7119
GGy - MEEEERZ ER Ty TSAT
<20% H. ferritin <100 pg /L (IR H 82BN )
200pg /L CH#ZENT) - B EEHERITES [ H 8
B R HEFAR—FR -

{5 i ferritin A TSAT & 75 B A5 HE (Y At 51
e P9 85 7 = B2 TR S A A B A &¢
Ji& R R SR AR 18 1 B s Ry 3
R I EZS 5 52 % ferritin A1 TSAT [ ¥({H 2 - #F
SR B o A AR EC - DA B HE T
HIAE 18 T & s BB E 2B EERE - &
B2 JHI ) 55 751 75 9 1Y S JHE » Renal Association Fll
NICE (National Institute for Health and Clinical
Excellence) FY$5 5 | & 4 A %HRC (percentage
of hypochromic red blood cells) >6% I CHr
(reticulocyte Hb content) <29 pg {E B 2 BT #% &
Tk 2 1 0 SR Y P S R ASE G 42« (R —)
CHr 1 %HRC HIMALRIRE AR - REE 2L
MG IMLAE 8 R8I rTRI & 4 (B Ry DhBe k85
Bk Z TR - (LG REIE 2 BB ET A
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K— : ANAIESIHEMBRREE BB IR ZOERNG T ERHISHRE

EF
Bk Oy IREE - 16 FIR1E
TSAT (%) Ferritin (ug/L) HAhA= AR
38 Ferritin < 500 pg/L
KDIGO 2012 IDA <30 <500 ety
<200
41 ( RZEHT CKD R Ferritin < 500 ug/L
ERBP 2013 IDA <25 <300 TSAT < 30 %
( ESBHT CKD Ji i)
Ferritin > 500 pg/L
KHA-CARI " 2013 IDA <20 <100 s -
( FRD S8R & )
Renal Association ¥ 2017 IDA <20 <100 %HRC >6% / CHr <29 pg ~ Ferritin < 800 pug/L
NICE # 2020 IDA <20 <100 %HRC >6% / CHr <29 pg ~ Ferritin < 800 ug/L

IDA: iron deficiency anemia

KDIGO: Kidney Disease: Improving Global Outcomes
KDOQI: Kidney Disease Outcomes Quality Initiative
ERBP: European Renal Best Practice

KHA-CARI: Kidney Health Australia—Caring for Australasians with Renal Impairment

NICE: National Institute for Health and Clinical Excellence
CKD: chronic kidney disease

HD: hemodialysis

PD: peritoneal dialysis

TSAT: transferrin saturation

%HRC: percentage of hypochromic red blood cells

CHr: reticulocyte Hb count

REEE Y o HALBL S A R AR R R
i STfR (soluble transferrin receptor) * hepcidin
GDF-15 #lI plasma NGAL (neutrophil gelatinase-
associated lipocalin)*®* » {H38 EuFEEp ] 175

EH SR - AE BE—AIRA ' -

A&

QIHG ATl - 7018 M B R B & L
Z WA AR | SR rh e R E S B B 2 S PR A
FIARIL » #6 TR MIE M E B H AR REE
I - 72180 B Mw & P& I B S I #li s
PRI m] DA R 5L I BR AR Bl 7F R RO E2 i AL 3% 32
FE o BI B 975 F TSAT T ferritin AN 75 &5 #8 ¥ 8%
Bzl EEEHYAEES#TER
ERVIBULT - SREE AT v DA AL I 3R AR B
IR 5 PSR 28 o AR LB U & DR 88 B
SR HECE T o SRRIE ] LGS B W AR TR

B FIELFE T HE (functional status) FIFH % » M im
B HEREEIN - BEIR B8 1 B Bers & 1Y
BT ICE Ry A PR AELC e 8 B 1 T
e 95 o 7R 5 65 B HY K EEAH 23 AT (subgroup
analysis) 7~ 10 18 1% B s B BV IREE » A6 T
SRRV RCR A 02 o —TE BRI R 40
A7 RIS A O TS 1 B s s B8 -
SRR TR IR S S 1A 9 ] DA DR AV E
iR~ B RIIEE ~ WG I07E 0 2 D REAIJRES Lo g A
KIIEDL >3 o

o P E Y 7 20 A 1 Ak B IR B
Al DR B2 SR BTG PR R ~ BIPE T ~ i I
M DA IG R G B S E R - 5 LAY AR 85
o ] R R FE T (E 8K 8 (ferrous salts) 1 = &
5 B (ferric salts)™ o = {8 §% 1Y 71 7Y 00 GE $2 /=
ferritin 1 TSAT » H.BI{F FJ #& /)N » Ferric citrate
AT DUOSCGE 18 1 B igvs R LI v Ml I
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(hyperphosphatemia) » [&] b #& ¥ #% f56 F >« [
Il 5 7 g ke 3 A RS R 155 5 W LA £ 8 RT =R
(bioavailability) BAK » UG BEEITER] - 4nE
O~ TEH: > IR R~ BT - JREE I &
FHIIREENETE M, © #7712 Sucrosomial iron {5 H
fiE#E (sucrosome) SR EEEEY) - 58 Lo By -
b PR Ak B o, e T HL A 18 P R Mg R O JRER -
S0 R o HRTG R Ry R R S S SR AT
IR TR AR VE AR » AT S BRI SRR AL 32
BE - FRESERE BE S LRaEY) 8 -
— RGBT SR NEEUR IR B SRR B ]
LIS I0IAT 22 ke M35 8845 ° - (K1 KDIGO 5
o A A A Y R T S Y I 1 1 T s R
RSB S - EERREZENRE - AWE
Al R 1-3 118 H TR SR o B IR 4 SR S
S EIE A AL FE = B IR 7T (anaphylaxis) Bt
RS » BRI B B Y L B R A 38 AR B oy -
R i /2 — 1 rTRE R AR Y RIPE ] » PRI EL S
A] FGF-23 (fibroblast growth factor 23) ¥4 i1 £
BRI AR - KL SR 75 B B R R I B IR
JEE - 1 vy e R I e R 5 B ORI A
53— E B2 jk e ©° « REVOKE (the randomized
trial to evaluate intravenous and oral iron in chronic
kidney disease) A B 2% I 5 Ak B S8R FH R 1Al
S O SRR SR B vy Lo T JEUB R B - T
HE B 68 78 A 1y A BE J 3B BN B RS AR ©F -
{HIEE 5 SR EL FIND-CKD (Ferinject® assessment
in patients with Iron deficiency anaemia and
Non-Dialysis-dependent Chronic Kidney Disease)
Ll & PIVOTAL (Proactive IV Iron Therapy in
Haemodialysis Patients) SRESIYAE FAHR 20 « 8
PTG R 7 0 R 4% Ja B E R i AR E B - 1H
KDIGO ZFBEAETEENE RS (active infection) HREJE
A O 58 P AR 6 ®

SEU 95 R T R AR BRI ) BB Y B 2 &
IME » AIARIB AL SRR AL ~ SRIMIRYL >
TSAT ~ ferritin ~ ¥FRLIMER A= B RIBORN G 7R 1
JHE ~ R IMLER AR BRI 0 B 71 2 AT R PR TR D
FEE S o (EEH PR BRI S S R A 3 e
AW E R RN - 858 E 2 REFIR
TS8R & SRl transferrin HIFSAREST » B2

MAESEE I - TERGE A BRI E(REET]
SR - B A S TR R A
R BEAL ~ AR ~ B ERDIE ~ O
FIL97 %8 R 08 9% 26 30 < 28 © hepcidin 11 ferritin [
I 45 5% 55 ] B BELCa I 45 B\ B AH 8 4 - ERBP 5
5 R i R 52 BT A 18 B I A B
I JHE HE ¥ TSAT AN B 3 30% - ferritin A~ 2 i
500 pg/L*' * NICE #5 5| £ # #E #F ferritin 7£ 800
ng/L DU ® o —sueR B EEET T 501 35 1 7 =
Bl 5= PEHU B B - DRIVE (the Dialysis Patients'
Response to IV Iron with Elevated Ferritin) 3% 5&
HH 7R AE ferritin 500-1200 pg/L H TSAT <25%
MU B MBS VA IR AR B A RIGH & -
IRON-CKD &l B i e T B9 S 172 A 1S A LRR
JIRNEE RS F T o PIVOTAL 256 HI B R il
FEER RIREH B MM 25 5% » JE R H AR
FFAE ferritin<700 pg/L Bl & TSAT < 40% iR H
AL R O o 18 B R R E R
FEEABE AR PR o

eI SRR ERESfEnNEES
BAETET [E I E RS o (AR O
iR BEN R R - N BE A - 45
TEREIE RS T DA BRI ~ LT
RERIZETE TE O o MEARIF SRR ERE B B8
B s R THARHERE - H L BT
FHRIMALZIREE - 2800 $rEEEEERZHE
ML LY 15 M B s BB » Tron and the Heart 1
Iron and Muscle RIPERREEHIE 18 BITAREE L &
BHREEIREST ~ TG ENIREETIRE - HATHY
S SR AL 38 B SR IG5 ] DA R R TH
% 9899 o BUEIIRTEAS R E = -

Ram

18 1 B T S8 BB T R B AR & B e
HRZ o NG HE 2 5E fhZ si o RE TR #E R
Z 0 AhELRN RTERANR - HAGRA SRR S
RS2 - 18 B o B E RV i R 2 H
MR CE I - H AR BB RS SR M 3 B i
BlGHE ] IS TR - ARG E ZEEE I
ABR AR E R R R B R U E R Z 1R T
Bl E - e A S AN -
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Iron deficiency anemia is common in chronic kidney disease (CKD) patients. Recent findings indicate that iron
deficiency (ID) might be differentiated independently of anemia by evaluating both its pathophysiology and clinical
outcomes. Iron is an essential component of hemoglobin and various enzymes of biochemical reactions in the
body. Hepcidin is the key regulator of iron homeostasis, controlling iron absorption in the intestines and its release
from tissues through its interaction with the iron channel protein, ferroportin. Hepcidin is influenced by Iron levels,
inflammatory responses, erythropoiesis, and hypoxia. ID in CKD patients can be divided into two types: absolute
iron deficiency due to insufficient intake and blood loss, and relative iron deficiency due to chronic inflammation
and supply-demand imbalances. Both types of iron deficiency are associated with poor prognosis. The symptoms
of ID are nonspecific, including fatigue, dry mouth, and dizziness. The common biomarkers used in ID diagnosis
include transferrin saturation (TSAT) and ferritin, although they are susceptible to chronic inflammation. Novel and
more stable biomarkers are emerging. The primary aim of iron therapy in CKD patients remains improving anemia.

Further trials are needed to recognize the effects of iron therapy in non-anemic CKD patients.



