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The change of serum chloride ion level and its relationship
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Abstract: Objective To explore the change of serum chloride ion (Cl™ ) level and its relationship with
prognosis in patients with acute heart failure (AHF). Methods A total of 289 patients with AHF admitted to
the hospital from September 2020 to March 2023 were included in the study. Clinical and laboratory data of
patients were collected,serum Cl  levels were detected at admission and discharge,and the difference of Cl™
levels was calculated (ACI ). Patients with AHF were divided into poor prognosis group and good prognosis
group according to the incidence of adverse cardiovascular events during follow-up. Clinical and laboratory data
of the two groups were compared. Logistic regression analysis was used to analyze the relationship between se-
rum ACl level and poor prognosis of AHF by using restricted cubic spline (RCS) curve drawn by the func-
tions in the rms package. Receiver operating characteristic (ROC) curve was plotted to analyze the value of
ACI™ levels in predicting the risk of adverse cardiovascular events within 1 year of discharge from hospital in
patients with AHF. Results The age and the proportion of patients with atrial fibrillation in the poor progno-
sis group were higher than those in the good prognosis group,and the difference was statistically significant
(P<C0.05). The levels of left ventricular ejection fraction (LVEF) and Cl™ at discharge in the poor prognosis
group were lower than those in the good prognosis group,and the levels of brain natriuretic peptide (BNP)
and ACIl  in the poor prognosis group were higher than those in the good prognosis group,with statistical sig-

nificance (P<C0. 05). Logistic regression analysis showed that LVEF was an independent protective factor for
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poor prognosis of AHF, and age, BNP and ACI  levels were independent risk factors for poor prognosis of

AHF (P<C0.05). RCS curve analysis showed a significant linear association between ACI™ levels and the risk

of adverse cardiovascular events in patients with AHF within 1 year of discharge. ROC curve analysis showed

that the area under the curve of ACl  level in predicting the risk of adverse cardiovascular events in AHF pa-

tients within 1 year after discharge was 0. 857, the sensitivity was 88. 37 % ,and the specificity was 69. 46 %.

Conclusion The change of serum Cl™ level of patients with AHF is related to the prognosis of patients with

AHF,and monitoring the serum Cl

Key words:acute heart failure; chloride ion;
Atk ) e (AHF) o — Fili K3 WL Y 58 280

F PR B 0 JUE ) R A 5 L 0 T RE 2R R
Bt R B — RIVRE R AR TE 723697 W) AHF B35
AR, Hl, REHFIFLZHNES AHF B &
B FUG A5 . oI 2 0858 O @131 1 A R 0 701 B 48 i
B AHF 85 B 5 A B0 I 2 4 & A R AR AR S
AT, AMFSRHGE, BE RS AHF B s
FYIA O, HP B (KT VB F (Na ) K s
T M W AR O 3 0 48 L R I PRI 3 % 1
AHF BEEB AR SR RS S 8EEs T
(Cl O K8 Ak IR S E A 5 AHF BE T
FEAEREPES) . AR5 @ IE AHF B3 7 i i
BUE I CL KB . AT B, K
W ClKE AR S AHF 83 K W0 58 M e,
AHF 3 76 1 Be B U7 B W0 i 55 CL K 480 1
ML H¥ET AHF BOE T K04 R R R AR IR . A B
WIE] B CL & e 78 B i A A ik LA 310 RRb
. BT AHF B A B E i iE CL oK AR
FEXF T PPAh TG BAT B ., BB 4 AR E IR
1 #EREFE

1.1 — %R $EEL 2020 4F 9 H & 2023 4E 3 A A
BEUiG ) 289 il AHF BEE NI L. AR
W COMECT EO ) 2282 W fRIT 38/ 2018) Y
WY L0128 AHF; (2) 4E#8 55~80 %5 (3) IIfi
PRIGERE S8 5 (O PR TE 5 Be W FE T, HLRERS 58 W &2
PORETT . HEBR BRI . (1) A 3% I o0 o B I 5 (2) %
PEMRE LRI, AP E R ARBER L B S0 H
AR B E M EREE TR RSN IFEE T A
1% R &,

1.2 HISERER s

12,1 IRZER W B M CB M H AR RS
B s IR U 46 TR L &7 5K 15D R 548 B (BMD L4 I
U5 B (R FR B B0 5 EG L 3 Bl 3 g [ It s R
B DD RE N 4 18 M BH ZE Ml (COPD) 1 /5 | L i
BeJe IR 2500 . L &% AHE JR A .

1.2.2 SR ERRE 0B E AL EH
(Hb) \HEH (Alb) (R TA AR AL (AST) .
AR G L FE B T (ALT) I JILEF (Ser) | L R 2 4
(BUN) | B E B CTC) =B H 0 (TG L 420 % Sl

level of patients with AHF can guide the early clinical intervention.

prognosis

SECLVER) i A48 Ik (BNP) K, 20 5] F B E A
B Bsf L B B R I YE CL /KL 31 CL K28
2 E(ACL ). ACL K= ABEhf CL 7K F — i B
Bf C1I™ 7K,

1.3 BIrhE A AR ENSBOREO =
WL W MR 5 B 2018) 7, 7E 202 Wy BE BT 4R AL YIS
IRIT . LIS IR T A BAAR 9 > A Ak 1 04 B O &R
ST AHRIRYT . PT AR YT 7 58 Y S X A A SC
MR ] 42 2 0L, IR AR 6 B IR 97 I N AT 3 &
1.4 BEV;  FFA AHF BEE BB G T T 1
WERBEY . e HE ERSET: I AHF FRR A BE L0
MAEFET-E AN R0 F M E AN . AHF B34
A Bifi 7 1 1) A RGO I 5 35 1 & AR O A R TR AN
KA AT KA.

1.5 St B ot R A R B (A
4.3.2), fFEIERS AT ERERLL o £5 om0
17 ¢ K%, THECROB LU A 43 3R 380R 4[] FE 3R
FH X? K305k Fisher KRR . 2 W R0 MR Logis-
tic 5387 s I rms A 0 1) oR 85022 i R i 14 57 07+
Z(RCO ML, 0 Hr s ACL K5 AHF A B 5 X
B 2 (B C 2R 22 il 32 3R 8 TAERRAE (ROC) iy 26 50 #r
ACL ACEFE TN AHF B 1B 1 AR R KO I 3
R 7 TR . P<<0.05 R ZERALIT#E XL,
2 % R

2.1 PHAFEDTAE BRI 289 Ul FH &0t 1 AERETT
BT BRFRY. WA ARA 43 6, )5 B 44l
239 i ,

2.2 MWABRFIRKRTR LK WEARMER. &
HES S LY ETHE RGN ZRAEFHIT¥E X
(P<<0.05), W1,

2.3 WAL EmERRE WEARYA LVEF. H
Befs) Cl K- F WG R 4r4, BlE A R 41 BNP
ACU KFEH & THERIFA. ZRA5 I8 X
(P<<0.05), W2,

2.4 W AHF B& WU M ECH KM Logistic
613 23 1 @75 LVEF J& AHF )5 A B b s 4 47
K2 AE IS . BNP f ACL K FJ& AHF S A KAl
SEfERE & (P<<0.05), WL 3,



EFA I ESF 2% 2025 4 7 A% 46 % 134 Int ] Lab Med,July 2025, Vol. 46,No. 13 « 1593 -

F1 FAHBERKRERERA ()3 xEs5]

T H BEA R (n=43) WG RIF4L(n=239) X*/t P
RS 13(30. 23) 74(30. 96) 0.009 0.924
() 73.2247.11 67.78+7.26 —4.537 <0. 001
BMI(kg/m?*) 22.4942.78 22.414+2.55 —0.190 0. 850
A B4 FE (mmHe) 142. 49425, 26 141. 31424, 28 —0.291 0.771
ABEBT &7 5K (mmHg) 83.69410. 16 82.82+10. 67 —0.498 0.619
eI 31(72.09) 121(50. 63) 6.759 0. 009
LT
[N 0.134 0.714
J 32(74.42) 184(76.99)
H 11(25.58) 55(23.01)
Wl PR v 0. 007 0.933
¥ 33(76.74) 182(76.15)
H 10(23. 26) 57(23.85)
B D RE A 4 0.069 0.793
J 40(93.02) 223(93.31)
H 3(6.98) 16(6.69)
COPD 0.105 0. 746
Jc 24(55.81) 127(53.14)
H 19(44.19) 112(46. 86)
th e 5 IR 259
ACEI/ARB 2 0.135 0.713
¥ 21(48. 84) 124(51. 88)
H 22(51.16) 115(48.12)
-5 A4 BH ¥ 571) 0. 002 0. 965
X 14(32.56) 77(32.22)
H 29(67. 44) 162(67.78)
il PR 0. 301 0.583
J 11(25.58) 71(29.71)
H 32(74.42) 168(70.29)
AHF %5 A
QIR RNk 0.268 0. 605
¥ 27(62.79) 140(58. 58)
H 16(37.21) 99(41. 42)
oo U S5 0. 002 0. 960
J 32(74.42) 177(74.06)
H 11(25.58) 62(25. 94)
15 ML <0. 001 0. 994
¥ 32(74.42) 178(74.48)
H 11(25.58) 61(25.52)
SR O Y IR 0. 500 0.479
J 38(88.37) 222(92. 89)
H 5(11.63) 17(7.11)

T : ACEL/ ARB 2847 I8 55 7K 20 e 40 g 4 ok 59 / a0 A8 58 ok 3R 11 2 AR ) 26 .



+ 1594 - R EF 275 2025 42 7 A% 46 %% 13 1 Int J Lab Med,July 2025, Vol. 46,No. 13

F2 FHASTEEHT B (L)

i/ TEARRA (n=43) TG R4 (n=239) ¢ P
N B I S 56 2 45 AR
Hb(g/L) 128.81+12.49 129.77+14. 63 0. 405 0. 685
Alb(g/L) 38. 7544, 40 38,5445, 01 —0.253 0. 800
AST(U/L) 60.55415.76 59.85415.03 —0. 281 0.779
ALT(U/L) 57.81410. 28 58.03+11. 40 0.118 0.906
Ser(pmol/L) 99.434+9. 69 100. 29210. 20 0.510 0.611
BUN(mmol/L) 6.4740.77 6.45%0.89 —0. 142 0. 888
TC(mmol/L) 3.7540.68 3.7240. 65 —0.282 0.778
TG(mmol/L) 1.184+0.19 1.14+0. 16 —1.362 0.174
BNP(pg/mL) 780.38+163. 04 722.134167. 06 —2.112 0.036
LVEF(%) 44.54+11. 68 50.32412.53 2. 814 0. 005
ABeBt Cl™ 7K (mmol/L) 104, 5745.76 104, 3844, 77 —0.236 0. 814
HBERF Cl 7K F (mmol /L) 94,2645, 87 97.6345.19 3.833 <0. 001
ACL™ 7K (mmol/L) 10. 312, 47 6.76+2.28 —9.291 <0. 001

x3 M AHF BEWEH Logistic B34 47

95%CI
A B SE WaldX* P OR
TR LB
R 0.132 0.034 14. 680 <<0. 001 1.141 1.067 1.221
BNP 0.003 0.001 4,085 0.043 1.003 1..000 1. 006
LVEF —0. 039 0.019 4.104 0. 043 0.962 0.927 0.999
HBE T C1 K —0.010 0.046 0. 045 0.832 0. 990 0.905 1. 084
ACI™ K 0.767 0.134 32.534 <0. 001 2.153 1.654 2.802
A —16.974 5.904 8. 265 0. 004 <€0. 001 — —
T — BRI
2.5 ACL K¥FIEAE AHF #iGBME  RCS #hZ 4> 190
Bras REW L, ACI KFP5H AHF BEEN RS 1N s
AN RO I R 1 R AR KU 22 TB) A7 TE B Y 2t G
ZARLMEH A $=0.71,P=0.655), 0L& 1, ROC iéo_‘
Mg R B, ACL AP TETI AHF B8 2% B L
L AR AN RO I8 = 1 A XUIK: 5 T A it 48T T AR 1
(AUC) K 0. 857, Ry 88. 37% ., 5 5 N 20
69.46%. WL 2. Of
150 2 ACIT KR FEZETM AHF EEHE | ENAROME
N EHREREE ROC #hZ
8 3 #
$ A % B, AHF 5835 1 B 09 1 1 CL ko
50 BB EIEA K, PFREa R R, s A RAHE
J F09 ACT KT T HUR B AFAL 22 5 A S 2 7
’ ) 3 10 2 14 M (P<C0.05), X — &ML /R THERIT P CL oK

8
ACI 7K (mmo | /L)

1 ACI KEEE AHF 22 HE 1 SARRLOME VR E D ST RE SR AHF B A R s ) — > 2
EHRERBEN RCS % it . AHF S8 (% Sl e o] B8 iy 22 A N 515k,



Elfra o247 20254 7 H & 46 5% 1381 Int ] Lab Med,July 2025, Vol. 46,No. 13 * 1595 -

K IR YT SRR v B R IR L8 W TR R E
REZ 1450 T SR I A AT Bt — A5 5 R
T o 38 A T G R 6T 47 52 ) Ak 22 UL PR T R R 24 4 AR
W EAT, RE AR 4 — 1 Cl K FIEW G
Fil 5 2 s o (H 22 BB 5 44 AL 3 e oy CL
AKF/NT 96 mmol/ L, 1 ey 4 ILAE D3 3 4 CL 7K
KF 105 mmol /LU, AHFST #8013 CL K P
WEI 28 A AHF F835 (05 RS B 6F 1 000 28 5 990
& F IR TR A 2R X,

AW 5% Logistic 8] 5 40 #F I 7x . ACL K F &
AHF Wi A B B 2h 7 fa s &R (P <<0. 05), RCS Hifi
LM ai RERW . ACT K5 AHF BEAE LG 1
AR AN RO A8 S A KBS 2 T A e M o &R L it
— UL T ACL AKFXT AHF 835 il J5 19 52 )
A SR L X T A D) RE B A% (RD) (1) AHF &
H RS 5 1 45 4 BBE T 56 09 36 3% 41 o6 L i
Xt FA RD M AHF B . XML RIFARE, —
T A Xof o I 45 3 (C VD) A A8 Bl 7 F 9 2 B L 35
Cl™ K& CVD HIHE CVD FE T KU 19— A>3 11y
ST TN PR 2 X — W BE AR T AR R R A
Ph I S A P R B Ah, E ACL K5 Al
it K AS AR TG 6 . ARBESE ROC ik 40 #r % #E
M ACL KFEAETRIM AHF BF B E 1 EN AR
O LA S A RO Bsf L 6 B HE A v i AU, R U
FVRE SR X i — 2B UE S T g ACL K& —1
RIS Ar . A PEFEAR W CL KPARF 100
mmol/L BEFE ML T Cl KFEE T X —B{EN R
FH . CVD FET- 18 B 5 KU te e bk ok 1. 65,78 5
Yol 2. 168 A ST L S AU RO T
R TS 45 R R A BRI ILTE CL K5 H K
TRIERE A SET 2o 275 UG TR 2 A IR AR
X—®F5E b KB L CL 7K 5 L3 Na ™ 7K F & 4
LS B S T IALTE Na " 7K S 7E 5000 4K 01955 S8 6 T Y
XM E, X — K IRPAETM AHF 835 17
JE i i E CL KA EG I Na ™ 7K SF- 2 A T 5 1 Fil
AR EL

AHFFE Logistic [l 5 43 #7 2 7~ , 4F #% . BNP &
AHF W5 A K B0 S7 & B & (P<C0. 05), R IF
fli AHF &G ELE R HREMPE R, AR
R B /R LVEF J& AHF #ilJ5 AR B Sr Ry R &K .
LVEF 1E R P74 0k 2 68 1) F 248 b5 LVEF K F =
R B Bl 70 IR 2 1 2 g I 4 3R, X AHFE B85 1
Wi BAEREEEE ", AR ER T AR E
e A7 AE BNP K Th s B4 L 2 b 8 & A it
Mg sh 72 RE BB/ ATE, OHENES LT, X
Se AR A AT BB A0 LGS # 98 L ak 2k — 45
Jil AHF 95 18 - M G £ 25 B9 5 77 28 R KR

AR CL W A Dy 22 ol 0 0 1 L R A i
o 1 I i R A v A S ST A R R — S ST S R
IR ARBFoR 4 R T, W AHF [ 3% 45 B il
ML ACL K-SRI PSS S i PRS0 B, 6f 77 1L 7
CU KPR R ] B 8 i R 2 A R 45 A RO
LA S B A 2 AU 5 I SR BUAH N A 3 9 4 it 4 48
T A R S el D SRR A | e i ] I R e A 2R
ALAE . DLk i s

AW T SR BRAEAE T 80— vt 47, HARAS f AL A
BN X BE R BOR £ 25 . O T B R SR WF SR AT
FEPEANT 2 0d A O AT S OB A A AR L
£ IFFBIEZ LB AENTE . LR AR
T CL K B0 ARG H 5 H A H i 5K
SRR R . RKBEIE AT HE— L E T CL K
K" Na ™ 45 Ho Al g i 5K P 19 56 2 LARCH X AHF
B PR BISER

Zi LR iR . AHF S AR B WA g CL K -F3)
AR B F A R E W I AHF 835 1
5 CLK-F a] LUAE S el PR 3 90

&% ik

(1] JEE 2200, B D B A i Kk 7 748 5 vk S48 0 ) 3B
BB URAHCAEBT 5T )], BRTE B 2 2% K. 2023, 52 (3)
287-291.

(2] HEREMP 2.0 EEEIl RS, BELMEREX
TG o0 Jr gy Rl = B 2y, P AR g 3 LG L A4
EHREZAS. PEONERBEE FEH L RN
[ e I 52 38 AL U 2% 7, 2020, 4 (1) :16-31.

[3] KURASHIMA S.KITAI T.MATSUE Y.et al. Trajecto-
ry of serum chloride levels during decongestive therapy in
acute heart failure[ J]. Int J Cardiol, 2023, 56 (375): 36-
43.

[4] hipBEypey hARBE A it AR E 2 2R E 0
23 A5, R ELD D) i S RS T 5 BE B (2024 4E) [T
Hh A SR B T 44 7, 2024, 23(6) 1 549-577.

[5] BELLINO M C, MASSARI F, ALBANESE M, et al.
Baseline and incident hypochloremia in chronic heart fail-
ure outpatients: clinical correlates and prognostic role
[J]. Eur J Intern Med.2021,31(84) :32-37.

[6] MISUMI K, MATSUE Y,NOGI K.,et al. Usefulness of
incorporating hypochloremia into the get with the guide-
lines-heart failure risk model in patients with acute heart
failure[J]. Am J Cardiol,2022,12(162) :122-128.

(7] hAR B o220 LA o 00 23 0 ) e 3 2 1 v I 2 0l B
22l S g Rl 22 Do, P AR O I A8 24 R g A 2R DL 2
LG 1 R 2 W RNB T AR F 20181 . h AL I R 2R
#,2018,46(10) :760-789.

[8] NOZAKI Y, YOSHIHISA A,SATO Y,et al. Persistent

hypochloremia is associated with adverse prognosis in pa-



* 1596 -

[9]

(10]

[11]

[12]

[13]

[14]

[15]

PR B [E

FJER 20257 A% 46 %% 138 Int ] Lab Med,July 2025, Vol. 46,No. 13

tients repeatedly hospitalized for heart failure[ J]. J Clin
Med,2023,12(4) :112-119.

HUANG H,LIU J,LIANG Y.et al. Prevalence and mor-
tality of hypochloremia among patients suffering from
coronary artery disease and congestive heart failure:an a-
nalysis of patients in CIN-I and MIMIC-III databases[J].
Front Med (Lausanne) ,2021,55(8) :769646.

ZEE AU D T IR SUTE 22 RSO b G BF 5
JRLTT. e R 5 B A% ik, 2017,37(8) :1710-1714

DE PERALTA GARCIA P,BOLZONI M, YEBRA YE-
BRA M. et al. Impact of hypochloremia as a prognostic
factor in patients with heart failure,a retrospective cohort
study[J]. Rev Clin Esp (Barc),2024,224(5) :259-266.
NOLEN-WALSTON R, SHARKEY L. Acid trip: let’s
retire the terms "disproportionate hyper/hypochloremia”
for electrolyte-based acid-base derangements[ J]. Vet Clin
Pathol,2023,52(2) :204-207.

ROCHE-CATHOLY M, VAN CAPPELLEN I, LOC-
QUET L,et al. Clinical relevance of serum electrolytes in
dogs and cats with acute heart failure: a retrospective
study[J]. ] Vet Intern Med.2021,35(4) :1652-1662.
R, ) ke L ol AR 0 ) s v R IR E 5 R PR
FUARBCLT . A O M A %5, 2021, 26 (1) : 96-98
VALGA F,MONZON T, VEGA-DIAZ N, et al. Hypo-
chloremia associated with a greater incidence of pneumo-
nia in chronic hemodialysis patients with COVID-19: a
center’ s experience[ ] . Nefrologia (Engl Ed), 2024, 44
(2):290-292.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

B BEFHE GEF L. N R FwRE 5.0 0 g B
FET MBS B Meta 43 M1 LT 1. w1 38 4F 2 2k i, 2021, 41
(20):4339-4344.

ABDURASOOL ALMEDENY S, YASIR AL-MAYAH
JoABDULZAHRA M S, et al. The effect of spironolac-
tone on serum electrolytes and renal function tests in pa-
tients with severe chronic heart failure[J]. Wiad Lek,
2021,74(10 pt 1):2460-2462.

PARASKEVAIDIS 1, XANTHOPOULOS A, KARAM-
ICHALAKIS N,et al. Medical treatment in heart failure
with reduced ejection fraction: a proposed algorithm
based on the patient’s electrolytes and congestion status
[J]. Med Sci (Basel),2023,11(2):311-318.
TR0 AR, 9 W R, AF. LT HIS RAEME ML
Iy S U R R B A SR ar e LT . AR S 2554l 2022,
50(2) :55-59.

WETTERSTEN N. Biomarkers in acute heart failure: di-
agnosis, prognosis, and treatment[ ] ]. Int J Heart Fail,
2021,3(2):81-105.

ESPINOSA B,LLORENS P,GIL V,et al. Prognosis of a-
cute heart failure based on clinical data of congestion[]].
Rev Clin Esp (Barc),2022,222(6) :321-331.
KADOGLOU N, PARISSIS J, KARAVIDAS A, et al.
Assessment of acute heart failure prognosis:the promis-
ing role of prognostic models and biomarkers[J]. Heart
Fail Rev,2022,27(2) :655-663.

(Wi fs B #1.2024-10-12 &1 H ] .2025-03-22)

CEH255 1590 30

[8]

[9]

(10]

[11]

[12]

Rl PRIZ YT 46 9 (2024 O[T, AR BE 2 7K, 2024, 104
(34):3175-3213.

ARAGHI M, MANNANI R, HEIDARNEJAD MALEKI
A et al. Recent advances in non-small cell lung cancer tar-
geted therapy;an update review[ J]. Cancer Cell Int,2023,
23(1):162.

LI T,QIAN C,GU Y,et al. Current progress in the devel-
opment of prophylactic and therapeutic vaccines[]]. Sci
China Life Sci,2023,66(4):679-710.

TAN F, TANG Y, HE Z. Role of CCNB1, CENPF, and
neutrophils in lung cancer diagnosis and prognosis[]].
Medicine (Baltimore) ,2023,102(46) :e35802.

MURRAY R L,O'DOWD E. Smoking cessation and lung
cancer:never too late to quit[J]. Lancet Public Health,
2023,8(9) :e664-e665.

HUANG J,DENG Y, TIN M S, et al. Distribution, risk
factorssand temporal trends for lung cancer incidence and

mortality:a global analysis[ J]. Chest,2022,161(4):1101-

[13]

[14]

[15]

[16]

1111.

CIARLONI L, EHRENSBERGER S H, IMAIZUMI N, et
al. Development and clinical validation of a blood test
based on 29-gene expression for early detection of color-
ectal cancer[ J]. Clin Cancer Res, 2016, 22 (18): 4604-
4611.

ZHOU Y,TAO L,QIU J,et al. Tumor biomarkers for diag-
nosis, prognosis and targeted therapy[ J]. Signal Transduct
Target Ther,2024,9(1):132.

BARCHIESI V.SIMEON V,SANDOMENICO C,et al.
Circulating progastrin-releasing peptide in the diagnosis
of Small Cell Lung Cancer (SCLC) and in therapeutic
monitoring[ J]. ] Circ Biomark,2021,10(1):9-13.

SUN A. Clinical role of serum tumor markers SCC,NSE,
CA 125,CA 19-9,and CYFRA 21-1 in patients with lung
cancer| J |. Lab Med,2023,54(6) :638-645.

Wk B 39 :2024-10-12 &9 B #1.2025-04-22)



