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Correlation of serum ferritin, transferrin saturation and homocysteine with
erythropoietin hyporesponsiveness in chronic heart failure patients with anemia

Qi Suxia®, Yuan Ying, Liu Ying, Wang Ying, Chen Hongbo
(Department of Cardiology, Xingtai Third Hospital, Xingtai 054000, Hebei Province, China)

[ Abstract] Objective To investigate the correlation of serum ferritin ( SF), transferrin saturation ( TSAT) and homocysteine
(Hey) with erythropoietin (EPO) hyporesponsiveness in chronic heart failure (CHF) patients with anemia and its clinical significance.
Methods A total of 252 CHF patients with anemia admitted in our hospital from April 2019 to December 2021 were enrolled and
divided into low response group (n=68) and non-low response group (n=184) according to their EPO response. The relevant factors
affecting EPO response were analyzed and the value of SF, TSAT and Hcy was assessed in prediction for EPO hyporesponsiveness.
SPSS statistics 24. 0 was used to analyze the data. Student’s ¢ test and Chi-square test were used to for comparison between groups
depending on data type. Spearman correlation analysis was applied to analyze the correlation of SF, TSAT and Hey with New York Heart
Association (NYHA) classification of cardiac function. Multivariate logistic regression model was employed to analyze the influencing
factors of EPO hypo responsiveness. Receiver operating characteristic (ROC) curve was used to analyze the prediction role of SF,
TSAT and Hey for EPO hyporesponsiveness. Results — Statistical difference was observed in NYHA classification between the low
response group and the non-low response group (P<0.05). The low response group had significantly lower SF and TSAT levels but
higher Hey levels when compared with the non-low response group ( P<0.05). SF and TSAT were negatively correlated with NYHA
classification (r=-0.742, —0.751; P<0.001), and Hey was positively correlated with the classification (r=0.800; P<0.001).
NYHA class IV, hemoglobin, SF, TSAT and Hey were factors influencing EPO hyporesponsiveness (P<0.05) , and the area under the
curve value of SF, TSAT and Hey combined together for predicting EPO hyporesponsiveness was 0.909, greater than that of SF
(0.733), TSAT (0.752) and Hey (0.724) alone. Iis predictive sensitivity was 94. 12%, and its specificity was 71. 74%. Conclusion SF,
TSAT and Hcy are related to EPO hyporesponsiveness and cardiac function in CHF' patients with anemia. Combined detection of the

three indicators can be used as a predictor for EPO responsiveness and provide reference for clinical treatment.
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Table 1 Comparison of baseline data between two groups
Item Low response group(n=68) Non-low response group(n=184) X? P value
Age (years, x+s) 68.79+8. 44 67.59+9. 33 0.929 0.354
Gender[ n(%) | 0.081 0.777
Female 35(51.47) 91(49.46)
Male 33(48.53) 93(50.54)
Body mass index(kg/m?, ¥+5) 22. 140. 67 22.30£0.72 1.595 0.112
Duration of CHF (years, x+s) 6.27+1.18 5.99+1.34 1.519 0.130
NYHA classification[ n( %) ] 4.614 0. 000
I 13(19. 12) 99(53. 80)
m 31(45.59) 55(29.89)
v 24(35.29) 30(16.31)
Diabetes mellitus[ n( %) ] 0.134 0.715
No 50(73.53) 131(71.20)
Yes 18(26.47) 53(28.80)
Etiology of CHF[n( %) ] 0.071 0.965
Hypertension 39(57.35) 108(58.70)
Dilated cardiomyopathy 9(13.24) 25(13.59)
Ischemic heart disease 20(29.41) 51(27.72)
Maintenance therapy drugs[ n( %) ]
Aldosterone antagonists 33(48.53) 93(50.54) 0.081 0.777
ACEI/ARB 46(67.65) 120(65.22) 0. 130 0.718
B blockers 57(83.82) 164(89.13) 1.296 0. 255
Antiplatelet agents 24(35.29) 59(32.07) 0.234 0. 628
Loop diuretics 19(27.94) 46(25.00) 0.224 0.636
Nitrates 23(33.82) 67(36.41) 0. 145 0.703
CHF type[ n(%) ] 0.200 0.905
HFmrEF 26(38.24) 66(35.87)
HFrEF 35(51.47) 96(52.17)
HFpEF 7(10.29) 22(11.96)
Haemoglobin( g/L, x+s) 68.87+7.24 70.99+9. 35 1.691 0.092
Serum creatinine ( pumol/L, x+s) 123.72+25. 68 119. 84+27.01 1.026 0. 306
Estimated creatinine clearance( ml/min, x+s) 85.46+13.20 87.00+14.35 0.772 0.441

NYHA: New York Heart Association; CHF: chronic heart failure; ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blocker;

HFTEF ; heart failure with reduced ejection fraction; HFmrEF; heart failure with mid-range ejection fraction; HFpEF; heart failure with preserved ejection fraction.
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Table 2 Comparison of SF, TSAT and Hey between two groups

(x+s)
Group n SF(ng/ml) TSAT(%) Hey(pmol/L)
Low response 68  102.28+30.69 18.86+4.03 26.79+5.35
Non-low response 184  130.48+37.51 22.92+4.14 20.23+6.48
t 5.549 8.673 7.459
P value 0. 000 0. 000 0. 000

SF . serum ferritiny TSAT: transferrin saturation; Hey: Homocysteine.
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Figure 1

Correlation of SF, TSAT and Hey with NYHA classification

SF: serum ferritin; TSAT: transferrin saturation; Hey: homocysteine; NYHA; New York Heart Association.

&3 ZEAXE logistic B34 4T EPO Kk M KM E =

Table 3 Multiple logistic regression analysis on influencing factors of EPO hyporesponsiveness

Factor B SE Wald X* OR 95%CI P value
NYHA classification ( class IV) 3. 086 0. 801 14. 845 21.894 5.799-82. 662 <0.001
SF -1.235 0.319 14.999 0.291 0. 143-0. 591 <0.001
TSAT -1.353 0. 405 11. 156 0.259 0.068-0. 983 <0.001
Hey 2. 605 0. 769 11.472 13.526 1.597-114. 563 <0.001

SF: serum ferritiny TSAT: transferrin saturation; Hey: Homocysteine; EPO . erythropoietiny NYHA: New York Heart Association.
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Figure 2 ROC curves of SF, TSAT and Hey for predicting
EPO hyporesponsiveness

EPO . erythropoietin; ROC; receiver operating characteristic.

3 it i

CHF fERR M S8t R = JER D = &
BERE ML BT EPO A B /> 55 2 Fp K A 5, Hifth
240 NYHA sr 9 m M@t E e A4 i B
K BH #E ) 8 ] ACEL/ARB 45 78 ] 5| & 4%
M50 FMAAN AT CHF FRg 57 | I DR X
SEREIR, BRARIE S 7, 38 22 S8 CHF JRE A 1E R
R T A IE X CHF & 1 545 )0 A
R S AT e REE A A CHF R34k
JE I EPO /KB B FEAIG, 45 T EPO R Y7 1 B35
5% CHF B F0IMARAL . AW 45T CHF £E32 1 AR
FH EPO KEFG ,73. 02% B [N KU, 26. 98% H

HRIUNXS EPO (RN, AT WL s Al I R &
SR S EPO RO E

SF 2 Wi B2 I S H W7 22 i R ) — S B S
ZA5hR, UEIET SF 5 EPO SN 1 i BF 5% i UL
ARWF5E K IR ARSI 4 SF AR T AR R B 41, #2718 SF
5 CHF fE20 1L EPO W PEA 5%, SF FREHER
PR A T B, X 28 BB TERI IR 0 ] EPO I,
JEAT (R A A 2 v T e AL 17, (LBt 25 16 &40 e 7 A 44
Ik SR BE 2 38 0, i ML AL T Btk 24, T spag
W3 EPO T TH0ME LA £ 40 it 35 25 ok 36 a8k 5 78 H
FrKSF BB EPO IR RS HASHIE 5T 38
KL, SF 5 NYHA 73 9% 5 7 AHC, $271 SF B, &
HOINEEM 2, TS IR, CHF A4 B
SFARFARMER N E , I 5 B FH L IRE A K, A
WFoEabie 52 MR, 224 HGE , EPO fikhi S 1
i SF KR EM G, TILXT CHF 4% 1l g 3,
T SF AGIN 59, 0B I 11 AR gk ni i Tk Ak
DM ZE O RE S MR A I MGE . SF 1 EPO 1%
FWPERS AUC i 0. 733, 5 B — & T 4 {8, mf
R T EPO S MRS %

TSAT %5 SF LRI, LAPEAR B o o
BRI REME B EORES . A 45 R BoR, SRR
2 FEEE AR R 2H TSAT [, 2 EPO %S i 1 AH
RN E, TRES W5 s, 5 TSAT Hk
-5 A, TSAT (/K- 5 3652 EPO Y7 G, Il
CITE IR R, #2758 TSAT FRAK 5 EPO 2 WPk
K, GAMGREER—B, TSAT FRARHE R B8 X%
BREE VR R BRI FHBR RS, (5 EPO JCik 7847
RAEIR I B A HELT AN & B BRI Th e, &4k
EPO &40, AWFFEIE & BL, TSAT 5 NYHA 43¢ &
FAHIE, SR I TSAT /K] BEA B F CHF %



TR EAE LRV ERZE 2023487 A 8 H 4522 % 457 Chin J Mult Organ Dis Elderly, Vol.22, No.7, July 28, 203 - 501 -

DIIRERE, (HAREE MR, CHF B S5 = 1 7F
FENRER ARG SF, WK SF 5 TSAT Be& v, P
G B4R SF i TR I2 5 1R A, TSAT 1
EPO IR/ W) AUC 4 0. 752, 1% = T SF, BE M I
PRI EPO s 2 it —e 5%

MR i R B, S 21 40 AR R I JRORE A A
TP, 7E CHF &, mh R ek 4k 4 % B, St= 1]
SIS, Hey RETE B W4k 4 FHiBI T 51k ot
TR IE 5 ARV BE KT, #5 B R4k A= 38 i iR ik
Z A5 Hey T+, 8 Hey 5 CHF BE LA
Ko ARWFTLER B EPO R B Hey = TR
RN, J2: EPO IR S0 Y R2 IR K R Hey 5
CHF fEFUILEE EPO WA K, EPO 7E-EHExrs I
A AR R LT Al A A, R A K B, BRIk
BT, WUERA L AR RS 1, T3 EPO (R
BONA . R 4itk &K B, = 558 Hey AREASRL
AR, ELEEE B Hey FHir, v DUHIR 46422 B, ik
Z & Hey 2 EPO JZ b MR A ¥y i, 55— J5 T
CHF BB HUARLEAENS M SRE RN, A2 -1,
Jif g IR B8 IR F — o 25 R MR A S n, AR T
EPO A5, H Hey i 5t o] 3 i 75 & ML 98 IR A
T KA B A NI RZ IR EPO 387 SO M, A HF
FRAER N  Hey 5 NYHA 320 5L IEAH2E, #2758 Hey
e, RO DIRE M 2E . X CHF B3, L H
PEA B A, N T W L Hey ZKOF, 26 2 B b
FEMIR HEEE B, , PMESE L DI RE R AT el

Hey T EPO RSN RS AUC 4 0. 724, 75
—FEFR TP AR, R B Hey 0 EPO J W P
MEABR, SF.TSAT A Hey Ul EPO I 52 1
) AUC 24 0.909, i & & T H— 8 bR, J2 R A K
DT EPO I 5 A fe s, HOBLR T BB 5 — 34 B
AT TR EPO SO M ZHLHIA O, Bl
PRIBEA K =& % EPO S g AT 1, ASHF 5T
AN ZANTET  EPO Ik b 4 B AUA 68 9, ml RE
S MG E AT a5 | 3 B R Y , A T e 2R
SR, AT HE— 2 RS

Zi b SF . TSAT . Hey 5 CHF ££%% Ifil i % EPO
RS SO DI REA 6, BB A T /A Fi i EPO
SN B —Fh 7 A RIR YT PR S

[ &% k]

[1] Locatelli ¥, Del Vecchio L, Minutolo R, et al.
connection between heart failure and kidney failure[ J ]. Cardiol Clin,
2021, 39(3) : 319-333. DOI: 10. 1016/]j. ccl. 2021. 04. 003.

[2] Chopra VK, Anker SD. Anaemia, iron deficiency and heart failure
in 2020 facts and numbers[ J]. ESC Heart Fail, 2020, 7(5):
2007-2011. DOI; 10. 1002/ ehf2. 12797.

[3] Gupta K, Kalra R, Rajapreyar I, et al. Anemia, mortality, and

Anemia; a

hospitalizations in heart failure with a preserved ejection fraction
(from the TOPCAT Trial) [J]. Am J Cardiol, 2020, 125(9):
1347-1354. DOI; 10. 1016/j. amjcard. 2020. 01. 046.

[4]

(7]

(8]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

[18]

[19]

Beladan CC, Botezatu SB. Anemia and management of heart failure
patients[ J]. Heart Fail Clin, 2021, 17(2) : 195-206. DOI: 10.
1016/j. hfc. 2020. 12. 002.

Fitzsimons S, Yeo TJ, Ling LH, et al. Impact of change in iron
status over time on clinical outcomes in heart failure according to
ejection fraction phenotype [ J]. ESC Heart Fail, 2021, 8(6):
4572-4583. DOI; 10. 1002/ ehf2. 13617.

Fitzsimons S, Poppe KK, Choi Y, et al. Relationship between soluble
transferrin receptor and clinical outcomes in patients with heart
failure according to ejection fraction phenotype: the New Zealand
PEOPLE Study[J]. J Card Fail, 2022, S28(8) . 1255-1263.
DOI: 10. 1016/]. cardfail. 2021. 12. 018.

AE0F, SRMILL, 230, AR TR TR B AR S A ARV 2 il AR
MG BT B XA RIEIRES R ng 2 m [ 7] v ) 42 F A A
7R, 2020, 12 (12): 88-92. DOI. 10. 3969/j. issn. 1674-
4020. 2020. 12. 21.

Wang X, Wang ¥, Feng Z, et al. The association between levels
of serum homocysteine and chronic heart failure: a protocol for
systematic review and meta-analysis[ J |. Medicine ( Baltimore) ,
2021, 100(5) : €24117. DOL; 10. 1097/MD. 0000000000024117.
McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines
for the diagnosis and treatment of acute and chronic heart failure .
developed by the task force for the diagnosis and treatment of acute
and chronic heart failure of the FEuropean Society of Cardiology
(ESC). With the special contribution of the Heart Failure Association
(HFA) of the ESC[J]. Eur J Heart Fail, 2022, 24(1) : 4-131. DOL;
10. 1002/ ejhf. 2333.

Kajimoto K, Sato N, Investigators of the Acute Decompensated
Heart Failure Syndromes ( ATTEND ) Registry. Sex differences in
New York Heart Association functional classification and survival
in acute heart failure patients with preserved or reduced ejection
fraction[ J]. Can J Cardiol, 2020, 36( 1) : 30-36. DOI; 10. 1016/
J. cjea. 2019. 08. 020.

H B D R PRI Ui 2 W M B L R AR L. P
PEFUMIS IR RSE B RE [ T]. sPAREE 2244k, 2021, 101(20):
1463-1502. DOI; 10. 3760/ cma. j. cn112137-20210201-00309.
Aggarwal P, Sinha SK, Khanra D, et al. Hematinic deficiency in
patients with heart failure with reduced ejection fraction (HFrEF)[J].
Ann Cardiol Angeiol ( Paris), 2022, 71(3): 153-159. DOI.
10. 1016/j. ancard. 2021. 09. 014.

Matyszko J, Tomaszuk-Kazberuk A, Dobrzycki K, et al. Vitamin
D deficiency and anemia is highly prevalent and dependent on the
etiology of heart failure: a pilot study[ J]. Cardiol J, 2021, 28(2) :
262-270. DOI; 10. 5603/CJ. a2019. 0003.

Thsen Z, Khadija M,Marwa C, et al. Study of the factors contributing
to poor quality of life in chronic heart failure with reduced ejection
fraction[ J]. Ann Cardiol Angeiol (Paris), 2021, 70(4) . 231-236.
DOI: 10. 1016/]. ancard. 2021. 07. 004.

FEHE, B, TR, 5. AL RLLAniizE s 180
FEIFTUNIFRGEM 1], IR MR, 2022, 35(4)
248-251. DOI; 10. 13201/j. issn. 1004-2806. 2022. 04. 003.

SRS, TR 2140 M A R IR A SN Y G A R A 3
S [J]. b i 44k, 2020, 19(3) @ 153-156. DOIL: 10.
3969/j. issn. 1671-4091. 2020. 03. 003.

EARE, XA, A, S RRERZ A EUR RS IR 5 A
O 3 R R 003 I 1ML 43 KR 3 B Sk ) 56 R BN A 3 B
HEREEMA L] W RO L AR AR, 2021, 27(6) : 693-699.
DOI:; 10. 3969/]. issn. 1007-9688. 2021. 06. 12.

ZEEL, WRE T SRR BB AT R R 2L A0 M A iR R L
MRS J]. R ER %, 2022, 51(9): 1554-1557. DOI:
10. 3969/j. issn. 1671-8348. 2022. 09. 024.

FRRWE, 23, BT, 55, B4R R PR WA AT R K AT
HEKE SRS M IR LR [T]. R EZ, 2021,
61(13) : 59-62. DOI: 10.3969/j. issn. 1002-266X. 2021. 13. 016.

(%%t #RAIL)



