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[WZE] BA TP S E A ETLIF T R LR A2 . ik 4IA 2016
9 A% 2018 4F 7 A AFEKEERIRFME S —EBE 202 ICU HAFGMERAE 3.0 BWibriE g B
(n=130), 555 AFUA I IT FE A R A IR (n=20 ), ABEE5E 1 K (IR N A4S ).
3 d A7 d ShECANE R K A DA TS AR A A A& -6 (interleukin-6, IL-6 ); 4T SOFA #47
P s AR SRR A 225, TR S NI 2R . R E . BEA . TL-6. nliETEEEk
FEH3Z (soluble transferrin receptor, STFR ) /log R8I HAH I L B I 3% A ST R ARt e 7 FR
H 28 dIETTTINGE ST, R TEARE 3 d G MEERE B RN I 000 5 ABES 1 A ek
REREE . BRMRIEE . RERES G ) MORMRNERSS G 1 WAL TR A 5 LM A TR . R
H. IL-6, IR A sTFR /K & XL . ABESE 3 1 7 RAGLI AN A6 ve BE . kAR (HRIk
THE, UK 7 R MBI R B0 T8 1 X5 M 7 RESRES S ) A ksl
G, UBSE 3 R sTFR/log #R B B EIL T | Ko ABESH | JAAEFBET- 4B HE S 3 KA
87 R¥HMBB R, HAET- A ME™E ; AR | FIIET- M EE A . B & ik
WRIERES G 00, DARGE 3 f 7 RIET-AH M R WK TAEvE 40 5 MiABESS | ASET-2H i 2kiE
F . IL-6 FIEME, LIRS 7 RERIBUFIEE Y 2518 TAF1E 4 . Spearman AHICHE /3 Hr 3RWI 1M JK 4% 5
IL-6 (=-0.391, P<0.01). #&EH (7=-0.293, P=0.001), #kHZE (7=-0.209, P=0.017) ¥JEHH
%, MEMLTEAAHR (7=0.005, P=0.958 ), i3 ek WK ERAE B34 28 d JET-AY TAERRZE T 1
LU CAUC) 4 0.524 (95%CI : 0.416~0.631, P=0.656). £ MFRAE B ] RI77 48 B 3 0 %5 1
AR AL, MFET 2 B H BRI EEHL I T 5 MR BEAR RE TR I e 22 0E FR 2 28 d st R,
MEGACTBEAR M 218 EARAAEDE, #MIRYT B .
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[ Abstract ] Objective To evaluate iron metabolism disorders in sepsis patients and explore the
effect of iron deficiency on mortality. Methods Patients (n=130) who were admitted to the emergency
intensive care unit (ICU) of the First Affiliated Hospital of Dalian Medical University from September
2016 to July 2018 and met the diagnostic criteria of Sepsis 3.0 were selected, and sex- and age- matched
healthy volunteers (n=20) were enrolled as a control group. Peripheral venous blood samples were

collected in sepsis patients on day 1, 3 and 7 after admission, or in the healthy volunteers upon enrollment,
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to detect iron metabolism-related indicators and interleukin-6 (IL-6); the Sequential Organ Failure
Assessment (SOFA) score was calculated upon hospital admission. Iron metabolism-related indicators
were compared between the groups; the correlation of plasma iron with hemoglobin, hepcidin, ferritin, IL-
6, sTFR/log ferritin and the ability of plasma iron to predict 28-day death of sepsis patients were analyzed.
Results Sepsis patients developed significant anemia on day 3 after admission; plasma iron, transferrin,
iron saturation, total iron binding capacity and unsaturated iron binding capacity in the first week of
admission were significantly lower than those in the control group; distribution width of red blood cells,
ferritin, IL-6, hepcidin and soluble transferrin receptor were significantly higher than those in the control
group. Distribution width of red blood cells, ferritin and hepcidin on day 3 and 7 after admission, and
plasma iron and iron saturation on day 7 after admission were significantly higher than those on day 1.
However, total iron binding capacity and unsaturated iron binding power on day 7, and sTFR/log ferritin
on day 3 were significantly lower than those on day 1. Patients in the survival and non-survivor groups in
the first week of admission had significant anemia on day 3 and 7, but the anemia was worse in the non-
survivor group. Transferrin, total iron binding capacity, and unsaturated iron binding capacity in the non-
survivor group in the first week of admission, and plasma iron in the non-survivor group on day 3 and 7,
were significantly lower than those in the survival group. Ferritin, IL-6 and hepcidin in the non-survivor
group in the first week of admission, and iron saturation on day 7 were significantly higher than those in
the survival group. Spearman correlation analysis showed that plasma iron was negatively correlated with
IL-6 (=-0.391, P<0.01), ferritin (»=-0.293, P=0.001) and hepcidin (»=-0.209, P=0.017), but not with
hemoglobin (=0.005, P=0.958). The area under the operation curve (AUC) for plasma iron for predicting
28-day mortality in sepsis patients was 0.524 (95% CI: 0.416-0.631, P=0.656). Conclusions Sepsis
patients have significant anemia and iron metabolism disorders in the early stage, while non-survival
patients are more severe. Reduced plasma iron level has no capacity to predict 28-day mortality of sepsis
patients. In addition, decreased plasma iron level is not related to decreased hemoglobin, and thus iron
supplementation should be cautious in sepsis patients.
[ Keywords ] Sepsis; Iron metabolism; Anemia; Iron supplement
DOI: 10.3760/cma.j.issn.1671-0282.2021.05.010
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Jie 75 iE 2 F 9E W 7 55 (intensive care unit,
ICU) B = FER M FE A 2, 212 ICU
JHeREAE B B IR AREZ — Py B RFSTIESE
WeBEREARDCHEZT M ( BPAAE MR ) 25 RAEIR
B TFHUABABZALA ™, PUATEZLm L A&
BRI 2SR R T AR U e R REE SR
BRI RN, mIREk. HEEN . HEER
FITRRTEEREAIG, BRER POk B s T, (i
MATHTCIEARAT RS ERL, S8 >,

BRI Z 20 X s D etk . 4
EYRAE A R SRS ), o iR A X PRk 5 T
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A, DIBEMESER T AAAE T 2 MRS M SRR A
o U3 HOAT S e R Bk A7 . B NSRRI
MAEYIM LT ERR, MR RKTER, KW
R EATRT AER B AR P RIS 4k, T A4
ARG B ATL AR i S Ak 3 AP At TT A PR 20 P 2B
UYL g — A B HLE U SR, BRTET

ICU BB 8 & RN fbny e . ghik=
RO TS 1 R 5 b, K
THREEAE 8 R T EAMEAAE R . AR
TEAG eI A BAE T FR A A I A S AR 1 s 2
Ak, MR Z STUE BA DM, RIRIR RS
S5 MR RENE S8 E A MERIR YT B B -
1 #AREFE
1.1 —R&ER

W 42 2016 4E 9 H F 2018 4F 7 A AME K i
= Bh K 2% B 55 — B2 e 2012 ICU Y ik 350
(n=130), AIRUE : £55 “MBEEAE 3.07 BY1ZWr
P U HEBRBRME « (DAEIE <18 % 5 (QBRF R
SRS M D ek rG sl gk B s 5 (3)Fesietk
PIRBOGPEME 5 WA 2RI, ABERTH Al
B3, B BERT A ICU A2 B 1 10) B 2k i ( 4n 'S i
T ) 5 (5)H B A RS2 T i i ) S A (LA
A L A ML Y08 )t X 10 2T 8 1 AR LA B i A DG S50
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IR RSN ) 5 (64232 ERIGIT 5 (DB E s
FUIRIT o AR T REKE BRI =R 5 — B
BEfE B2 ot (LS« YI-KY-2018-01), Jf
PREH B IE IR R . AR bR e s e A vk
e s m Y, A AR EfEAE ICU J5
P2 G o Dy | AR IV EC A gt R
BIEE XA (n=20),
1.2 WillfssRAn 7T ik

WSR T A A B E R, AER . ImIR2
Wr. BRYLERAL. s i SC g s A I 45 R 4%, 1A
A Bt 5 4% B 23 PEAY ( sequential organ failure
assessment, SOFA ) 4. ABEA%E 1 (fEHEEH
HAAE ), 3MT R, EEAREC LR
(A8 TS R Dk UM, 250> (2 000 r/min) 10 min /&
K 35T -80 CHRAFR KL

K BEX G e e (a5 ( ELISA 5 ) A 3¢
BREE (Abeam, B[ ) AIEPERAR 15214 (soluble
transferrin receptor, sTFR, R&D, ZE[HE ), #HE (L
IRAE T, R ), FA & -6 (interleukin-6, 1L-6,
PRAAT], I ), 115 STFR (nmol/L ) 5 log £k
M (ng/mL) BYEUAE. @ A S Aai s (XN-
2000, Sysmex, ffif7, HA) MEMLIEH.
21 20 Mo AR F (mean red blood cell volume, MCV ), ~F-
WL A1 £1 & 1 ( mean red blood cell hemoglobin,
MCH ), 2L M2 8 H#KE ( mean red blood
cell hemoglobin concentration, MCHC ) FIZT.4H il 531

T2 ¥ (red blood cell distribution width, RDW ) ; i 1
Fl 3l 4 4k 43 B AL (7600 Series, HITACHI, 7 &,
HA) 2R E A (transferrin, TRF ), BERZE S
1 (total iron binding capacity, TIBC ), A FIERE, &
71 (unsaturated iron binding capacity, UIBC ) Fl%£k 1
FIEE (saturation, SAT ),

1.3 SitEH*

] SPSS 22.0 GEitH At TSt ot . AFF
HIESSAA TR TR A% (M%) (M
(O, Q) 1. TR, BRI, A B i fif
I IRESIIERZ PN O IR S AW 3 G EE N TR 27 S
FH Fisher K505 5 PIWT LLHECR FH Bonferroni K
5 5 A EAS T AT TOREZH ] e #CR FH Kruskal-
Wallis #6556, P FL 3R FH Mann-Whitney U #6556
FH Spearman S48 AH IS 50 PEAk A8 5 22 [8] (R AH Gk 5
Zp il M 2R Bk 1 32 30 TARFRAE (receiver operating
characteristic, ROC ) HHZ I 11 #hZE T AN (areas
under the ROC curve, AUC X} 28 dJig#E-RE47 i)
P P<0.05 2 A G 7 Lo

2 #R

21 EZHIEMLEE

PR (n=84 ) FIFET 20 ( n=46 )TEAEWS HEH |
¥ 50 118 A U5 B fRfE L A6 e 24 1) B R = TR 1 2
BTG () P>0.05,% 1), SIAGAMITL,
FET-HAUMGE R E L. FLER . JIUEFFI SOFA 143

&1 WX RA LRSS

Table 1 Baseline characteristics of the subjects
- pogileEel pearEicl BT s .
EiEtan (n=20) (n=84) (n=46) SiiHA P{E
IR (%) 65.6(49,78) 67.5(36,83) 69.6(28,85) -1.040 0.782
Bk (B, %) 12(60.0) 47(56.0) 27(58.7) - 0.854
MEBEAEISRIR (], %)
Jiti — 53(63.1) 27(58.7) - 0.707
i — 9(10.7) 6(13.1) - 0.776
[IEBES — 17(20.2) 8(17.4) - 0.817
B i — 3(3.6) 3(6.5) - 0.665
Sk 1 B — 2(2.4) 2(4.3) - 0.614
ABERHE T EZ (61, %) — 5(6.0) 3(6.5) - 0.898
HIMGEE S (B, %) — 29(34.5) 38(82.6) - <0.05
AA45% (mmHg) 406(375,433) 243(187,288) 172(140,204) -5.590 <0.05
FLE& (mmol/L) 1.0(0.7,1.4) 2.4(1.8,2.8) 4.1(2.9,5.1) -7.230 <0.05
JUUBT (umol/L) 75(49,87) 107(81,135) 147(120,165) -5.403 <0.05
LT A% (x 10°/1) 87(79,101) 62(53,78) 45(34,56) -5.986 <0.05
SIS LT AHAARFR (fL) 90(86,94) 84(80,90) 79(74,84) -4.948 <0.05
ST YN LT 2R (i (pg) 30(29,31) 29(26,32) 26(24,29) -4.562 <0.05
SEELT NI 2T 3R T (g/L) 335(326,344) 327(314,341) 309(297,314) -6.907 <0.05
SOFA — 7(5,8) 10(7,11) -4.810 <0.05

U : SOFA, JF Bt B il . * A1 AL ANAE T2 2 (AT A HE
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Boshn, EATEE. MALTAMEL. LT i
AN G pa e o Ea R S ERIR I a Ea e oA AR Y S 713
FERIRRAL (¥ P<0.05, # 1),
2.2 MREEBEHREHEIRNTL

FEABESS | JH, MedEie B LT8R vk B Bl
()BT RAR, 55 3 KA 7 R PLEEFM (£ 2);
ABESE 1 JRBIMIEER . HRE . YA . Bk
G55 1 B ERES & 13 0 F AR R 5 o4
WA A SERE . SRR . TL-6. BRI AIAT A PERE 2k
EHZEREESTX R4 (¥ P<0.05), 553, 7
RIS TERE . REO MR, LIS 7
TR I AR R T 3 = 56 1 R, s 7
KA BRGSO TR AEREE S 1, USSR 3 RIK
sTFR/log #REE W E IR T4 1 K (14 P<0.05 ),
23 TEiEAMIETHMRSIESRE SR EHEIRMIEE

ABESS 1, AFIG BT 2 e he £ A £
HAACE YRG0 R R, 7E58 3 KRS 7 XY
IR T, (HALT-H A M ™ (3 P<0.05,
3). AR | FPET- 4B E R . BERE S
TIRARMAERES & S, VIKES 3 7 RIET-4LH)
2R 38  BR T AR 4L (¥ P<0.05) 5 1T ABESS
1 BT AR . IL-6 R, IR 7R
BRI Y I8 35 i TARIG AL (¥ P<0.05). 4L
HH 3 M T RILAME v MR EN, LSS
7 RIET- AR AN EE FI sTFR 2 W 2355 T4 1 K,
ML S 3 F0 7 R R, 3 K
f) sSTFR/log ¥R, LAMES 7 RIET- U ML E
H. BERGES I AAR MRS S Y B E T 1
K (4 P<0.05 ).,

24 MmEHEMOAZTR. HARE. %KEH. IL-6.
sTFR/log $k%& BRI XM
Spearman AH JCYE 43 B & W] 13K 2k 5 1IL-6 (1=
-0.391, P<0.01), #K#& (r=-0.293, P=0.001), %k
WZE (=0.209, P=0.017) ¥EHAME (F4), i
5 sTFR/log k& (7=0.115, P=0.193 ). ML M
(r=0.005, P=0.958) A%,
2.5 IMIRITARBFAERE 28 d FETHITNEE
IR 2 Fov i) e 2 i AR 2 28 d BB T Y T AR £k
T 1 AL (AUC) A 0.524 (95%CI : 0.416~0.631,
P=0.656, [l 1), #&/R MK GE Ik EEAE A
28 dFET,

3 itit

AWFFE A BB AE JB B AE TCU R s 91
AT AT IR, I Bk, HeE .
sTFR/log B2 1 B & WA, MK sTFR, £k E .
BRAEE M IL-6 BE TR, Hon a5 RAE
FEFL AN S 25 AR AR IS 3EEL B0, 4R, Spearman
M BB S AN FK 6. BREEM . &
PRBEGAME, HS5MaOEARE, XTFER
H T MeEE T M A R AL R 4%, BT 5 mekkF
AR, B FRELZ | fRLr gt A sl 2= A b HOW
KT, ZIgMany e . BEPE R iS5 4,
W FEE RIERF SRR H ALY,

Ji 7 E A R %) 25 L AN O B 2 1ML 52 A 52
M B2 R IR ARIUAG, NWEERBSHRE-B
WA A P~ TL-6, M id IL-6/JAK2/STAT3 {551 %
VR R AR AT A A L Y B R R

F 2 JRFAEBE AN RS SEUN LA [M(O,, Oy)]
Table 2 Comparison of variables between sepsis patients and healthy controls [M(Q,, Oy)]

- X EZH HeFEAE . H A ICU J& (n=130)

AR (n=23) 1K H3xK $7K
LT (g/L) 135(132,138) 124(114,136)" 103(98,110)® 95(90,101)™
LTYAASI AT FERE (%) 13.1(12.6,13.3) 13.5(12.6,14.2) 14.3(13.5,151)"® 14.6(13.8,15.6)™
#EH (ng/mL) 30.3(29.5,31.4) 192.7(165.6,214.8)" 565.3(535.4,581.6)" 297.1(222.3,318.1)®
A2 -6(pg/mL) 5.3(3.8, 6.6) 39.9(28.8,104.0)" 28.1(21.9,69.5)" 30.5(18.9,45.5)"
£k (umol/L) 16.2(14.5,20.4) 7.5(5.4,10.7)" 7.2(5.6,9.3)" 8.6(5.3,12.5)"
RN (g/L) 2.6(2.2,2.9) 1.4(1.1,1.7)" 1.3(1.1,1.7)" 1.3(0.8,1.7)*
HAFEE (%) 37(32,42) 21(16,28)" 23(16,31)" 28(21,36)"
SERES A T (wmol/L) 46.6(42.1,49.3) 36.1(29.1,42.4)" 33.9(25.2,42.7) " 31.6(22.7,41.6)"
KAMFIERLE A J7 (umol/L) 28.2(26.2,32.6) 28.1(21.5,34.9) 23.9(17.6,35.2)" 21.0(15.2,32.7)"
B ZE (ng/mL) 21.2(20.0,22.8) 147.9(127.9,163.0) 76.0(59.5,96.1)" 48.2(40.6,58.3)"
sTFR(nmol/L) 15.1(14.5,15.5) 24.2(20.5,27.2)" 24.3(21.3,37.4)" 25.5(21.8,28.6)°
STFR / log £k 11 10.2(9.5,10.8) 10.7(9.2,12.1)" 8.8(7.7,10.0)" 10.4(8.9,11.9)

T : sTFR g ANAMEEARE 2K 5 SXHIRA A, *P<0.05; 5 A ICU % 1 K&, *P<0.05
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Table 3 Comparison of variables between the survivor and non-survivor groups [M(Q,, Q)]
. AICU J5
1=
b TR 3% ERER
METE A (g/L)
TG4 (n=84) 125(116,136) 104(98,111) 94(90,106)"
FET-4H (n=46) 123(112,134) 99(96,110)™ 82(72,99)

LT ATTEE (%)
TG4 (n=84)
FET-41 (n=46)

13.4(12.6,14.2)
13.6(12.6,14.3)

R (ng/mL)
TR (n=84) 172.5(151.6,193.9)
SET-2H (n=46) 227.1(214.8,241.7)"

HA % -6 (pg/mL)

TR (n=84) 33.7(23.9, 39.4)

FET-4 (n=46) 122.2(98.0,149.6)°
£k (umol/L)

I (n=84) 7.5(5.4,10.7)

FET-4 (n=46) 7.6(5.4,11.2)
YR (g/L)

TETH4H (n=84) 1.6(1.2,1.8)

FET-4 (n=46) 1.2(0.8,1.5)"
BRAAE (%)

TEIGHUL (n=84) 20(15,25)

TET=4H (n=46) 21(19,43)

SVBRES ST (wmol/L)

TEHUL (n=84) 38.2(32.1,43.7)

14.2(13.4,15.0)°
14.6(13.8,15.5)°

555.0(522.6,572.6) °
581.9(560.5,594.1)™

24.0(19.1,27.9)b
75.4(65.2,97.5)"

8.6(5.9,11.1)"
6.5(5.6,7.3)"

14.1(13.5,14.9)°
15.6(14.7,16.2) °

276.7(190.0,308.5)°
324.9(311.2,342.6)"

23.4(18.1,38.1)°
43.9(30.3,56.1)™

10.8(6.5,14.6)
6.7(3.9,8.9)"

1.5(1.2,1.9) 1.6(1.1,1.9)

1.1(0.6,1.4)" 0.8(0.6,1.1"
23(15,30) 27(20,36)°
24(16,31) 30(24,36)"

36.7(29.1,44.3)

38.8(30.7,44.6)

FET 4 (n=46) 29.6(21.0,39.0)" 25.4(19.4,38.6)° 23.2(17.1,28.9)"
HAANELE A ST (pmol/L)
RG] (n=84) 30.0(24.6,36.5) 25.8(20.6,36.9) 27.7(18.0,36.0)
TET-4 (n=46) 21.8(13.0,30.2)" 18.2(13.2,32.8)a 16.4(11.5,20.2)
HIHE (ng/mL)
TEG4H (n=84) 137.4(113.9,148.5) 66.5(49.4,76.9)° 47.6(38.8,51.8)°
FET-4H (n=46) 171.5(157.1,184.4)" 98.8(95.1,105.4)" 60.9(44.4,69.7)™
sTFR (nmol/L)
IR (n=84) 24.3(22.1,26.5) 24.1(21.0,28.3) 24.2(19.1,28.4)
FET-4 (n=46) 23.0(19.6,28.0) 24.3(21.3,26.6) 25.6(23.5,28.8)°
sTFR/log kFE
AR (n=84) 11.0(9.7,12.1) 8.9(7.7,10.4)° 10.9(9.5,12.2)
FET-4 (n=46) 9.7(8.3,12.2) 8.8(7.7,9.6)" 9.5(7.7,11.2)
TE : STFR NAIVEVERER R A2k 5 SAAm4itie, *P<0.05 ; 5 A ICU G5 1 KIkde, °P<0.05
*x4 MBS MAaEH ., SR, BREH. ANEK -6,
sTFR/log #kZE [ W AHIC 1%
Table 4 Correlation between plasma iron and hemoglobin,
hepcidin, ferritin, IL-6, and sTFR/log ferritin
- JIEE7S
?H */J\ P P
ML A 0.005 0.958 ‘
PR % -0.209 0.017 =
Yotk -0.293 0.001 =
HA % -6 -0.391 <0.01
sTFR/log Bt 0.115 0.193
oPUER T AN R I s ks
BER RIS, T E SRR i B A N
1- FE5

ROBRAEAE, ISR ISR FRE 2 Lk, W
i IR IR BACT R, B (EZRE
WEAN ) BOBRBEAIE N, A BRI EAETE, A0

B ST REAE R 28 d SET- Y2 IR TAERFAE Mk

Fig1 Receiver operating characteristic curves of plasma iron for

predicting 28-day mortality in sepsis patients
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TCEA RO BRI T AN A A, RO AE S RENE
etz P, Muioz 55 P BIFFE R B SEAE M 2 128 A
HER B Z AE A BB R 21 9% IR, (ERRREAE &
B A P BRI DI RETEBRER T RETF AT

SR, LS B 7K - AR RS B A 52 i 2 A 45
WY —J7 T, WA AR Z AR, Bl
BRI AR T BE 2 IR A 0 R A R AT TR ) — 1 B
B T o) — T, Bk ] RE X G REA E
B A 72 2 Bk kA 1 it e KU S A o, Bk
RS IR T B 2 AR U SRR B0 AR
FE A BRAE T 20 e TEAE S0 1 I SR K BEAIR, A
o 5 R AT RE S | AR SRR A B A0 DA 1T AL R Y
TR FTLL, AHTIE A B0 KBRS fE
DN AT R 28 d WAL, Al e I KR
RS A AR SN 1 B IR A K

IR JHeRE AE B2 1L A8 AN T (14 06 B A 22
VEAFES, H A P AT B ICU Hh kA
SR BRI ZE L A R A OB R o AN 58 42T AE
AT ] BEERRTEAE A SCEDT I, JEHE S B
FEEBRERPESUM o SR, BRAVEETENE, H HAN
BRI 5IEA REW. B, WMEASAA RPN,
FEAnPRIE DR ANERIN , B T s Bl 5 ke Rk
g, ELEOIEERIE 5 A A AT AL
I, W RE N E AL U, T LR R
Wep AP A B J2 400 ) 400 7 84 5L B0 — R BT A AL AL, o LA
AR I T BRI S5 X A B AALA] . DAk, B
RAEVED ML AR A BEALAR , AP SEARFTAS K n] fE
HE— 5 R A B A A B A RFSTIEN], A R
SRIEIMIMAE R, (A F ks P A | i Z0sE A
B dsoR L R R AR I 1R] A SE A H O
S U AMRIR T I S LU AR YT
()30 TR by R A R B R, b SEd
8 B 30 2 4 T 5 W 200 0 e e 240 i 7 7 e A
PRMEST, JFR2m T bk EL 4 A B B ST
e B e LS KK P e B AE SR A ST R A
I BN SRINT, BEAPURYTA YT I HETT RIS AE I 4
¥, BRAR B0 M BROK -t T RE S . AT ST A B
ICU P IRTEAE S 782 iR 7 Jn B JAE 1
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