Journal of Clinical Personalized Medicine IfifRAME:4LEE2E, 2024, 3(2), 588-598 Hans Xl
Published Online June 2024 in Hans. https://www.hanspub.org/journal/jcom
https://doi.org/10.12677/jcpm.2024.32085

1L 3RE B E N BR R IR 7K X 1E A
BRI ERSS

HERAL FEE, 1 F BRR, EFEET
W TR BRIRREE FBE, LR BT
2GR BB O AR IR BT

P EEF b ME B AR E AL, LR BT

ks H . 20244F4 A 12H; FHBEM: 20244F4719H; kA HM: 20244F6H28H

H E

TR LAZBLE)RFE LK —MEHER, BELESNEDPSRKE, BMOENEENAATIRS,
BN T00 38 B3\ e B LA 7K X 148 A BN B BTN A 4. HI: S0 032 B 38 IIE
RIAKFES1ENBABRRRR. F¥E: XTHAR—DEBERA I a3 E R B SR
HPhysioNet#iEE . ZHEHERES THENT)IEBERTEEARER2016F12 8 £20194E6 A BRI
1620082 2 WAL IEBE KB ML R MBE SR . RO T EOFEABIGITHI8765 L3 BA NI
RER, FRREARKILEHATES =4 RIMEH(107.5~136.8 mmol/L, n = 292). M4
#4(136.9~140 mmol/L, n = 285) & M¥EH14 (140.1~154 mmol/L, n = 299). FHCox[EH. 4 E4
PrRRER N AT KMBHZR, WA MBHS LEBRE1IENBFARZ FIRREE. &5 ZRES T,
MFHEE N 1mmol/L, OFEEE1VFENFEABR R ZE EK3%, XEHEHR)EZHI5% CIH0.97
(0.94~0.99). f Fl =R HTAF MK PR EE, RIERE, BAEMAX TIRAEM h o8 RS BIK,
EREMFAERSEER, HREHISY% CI4540.69 (0.58~0.81, P < 0.001). 0.70 (0.59~0.83, P <
0.001)#10.72 (0.57~0.92, P = 0.007). WA TER, MBEWKFERFEERENEM, RZHE
B, FR. S5 RERB(BMI). BRI 181 % (CKD). (O UESE. 184 fH 4 fiFE 7 (COPD).
FIRFA. B, JRER. #7. & NARWBEMMKRF)WHmM. 418 IEHNSOEBREIENBARKS
RE4REHAMRX. BRNIBHSEOREE1ENBARRRKER. Bk, &RERN MBHRK
PR R — ML EBEEBABRAMMER T E R .

XKiEid
O, MEW, 1EREAR, EBESIBT

AR

XEFIH: ¥R, EEE WE, BN, EEE. O3 A NG BT 1 BTN E ST,
I PRAN AL I 2, 2024, 3(2): 588-598. DOI: 10.12677/jcpm.2024.32085


https://www.hanspub.org/journal/jcpm
https://doi.org/10.12677/jcpm.2024.32085
https://doi.org/10.12677/jcpm.2024.32085
https://www.hanspub.org/

A Study of the Predictive Value of Serum
Sodium Level at Admission to Hospital in
Patients with Heart Failure on Readmission
within 1 Year

Fuqin Chu?, Zhihua Li?, Lei Liu3, Hanwen Chen3, Guoxia Dong3"

'School of Clinical Medicine, Jining Medical University, Jining Shandong
2Cardiology Department, Affiliated Hospital of Jining Medical University, Jining Shandong
*General Medicine Department, Affiliated Hospital of Jining Medical University, Jining Shandong

Received: Apr. 12", 2024; accepted: Apr. 19", 2024; published: Jun. 28", 2024

Abstract

Background: Heart failure is a common chronic disease, and with the progress and development of
society, many factors affecting heart failure have been studied, but there is still controversy about
the predictive value of serum sodium levels at the time of admission to hospitals for patients with
heart failure to be readmitted to the hospital within 1 year. Objectives: To analyze the association
between serum sodium level and readmission within 1 year in patients with heart failure. Me-
thods: This study was a retrospective cohort study. Data on all heart failure hospitalizations came
from the PhysioNet Limited Health Data database. The database integrates consultation records
and follow-up data of 2008 patients diagnosed with heart failure admitted to the Fourth People’s
Hospital of Zigong City, Sichuan Province, China, between December 2016 and June 2019. We ana-
lyzed the clinical data of 876 patients with heart failure who were admitted to hospital for treat-
ment of heart failure and were divided into three groups according to the serum sodium level at
admission: low serum sodium group (107.5~136.8 mmol/L, n = 292), medium serum sodium
group (136.9~140 mmol/L, n = 285) and high serum sodium group (140.1~154mmol/L, n = 299).
Cox regression, stratified analysis, threshold effect analysis and Kaplan-Meier survival curve were
used to study the association between serum sodium and readmission of patients with heart fail-
ure within 1 year. Results: In the threshold analysis, for every 1 mmol/L increase in serum so-
dium, the risk of readmission within 1 year was significantly reduced by 3%, and the hazard ratio
(HR) and 95% CI were 0.97 (0.94~0.99). After three models were used to analyze patients with
different serum sodium levels, after correction, the risk was lower in the high-sodium group com-
pared to the low-sodium group and the medium-sodium group, and there were significant differ-
ences in the outcome events, with HR and 95% CI of 0.69 (0.58~0.81, P < 0.001), 0.70 (0.59~0.83, P
< 0.001) and 0.72 (0.57~0.92, P = 0.007), respectively. Subgroup analyses showed that serum so-
dium levels had a stable effect on outcome events, independent of covariates (sex, age, body mass
index, diabetes, CKD, MI, COPD, diuretics, creatinine, uric acid, potassium, chloride, natriuretic
peptide). Conclusions: Serum sodium is negatively correlated with the outcome of readmission in
patients with heart failure within 1 year. Higher serum sodium is associated with a reduced risk of
readmission within 1 year in older patients with heart failure. Thus, serum sodium levels at the
time of initial hospitalization may be a valuable predictor.
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Figure 1. Research population inclusion flowchart
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BRARIG . OB DU F 45 L (%) %5, SRR TRk i, SR COX IR S 4007 AR [F) NI 1
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Table 1. Baseline data of 3 groups of patients

®1LIEBERLAN

i oiwm  meay e (nezg  Pvae
PE5I [ (%)] 0.744
Atk 500 (57.1) 164 (56.2) 160 (56.1) 176 (58.9)
St 376 (42.9) 128 (43.8) 125 (43.9) 123 (41.1)
R (%)] 0.062
<60 % 70 (8.0) 31 (10.6) 23(8.1) 16 (5.4)
>60 % 806 (92.0) 261 (89.4) 262 (91.9) 283 (94.6)
Y54 F (mmHg) 129.0 + 23.9 121.5+21.4 131.0 £ 25.2 1343+231  <0.001
£F5K I (mmHg) 75.8 £ 14.0 72.4+132 76.3+13.8 78.7+14.2 <0.001
Jiik i (mmHg) 93.6+15.7 88.8 +14.2 94.6 +16.3 97.3+155 <0.001
BMI, (kg/m?) 21.2+3.9 20.8+38 211437 21.8+4.0 0.011
NYHA ‘0 IIRE 742 [151(%)] 0.874
16744 106 (12.1) 32 (11) 34 (11.9) 40 (13.4)
116 457 (52.2) 157 (53.8) 145 (50.9) 155 (51.8)
V& 313 (35.7) 103 (35.3) 106 (37.2) 104 (34.8)
B R I 240 (27.4) 106 (36.3) 73 (25.6) 61 (20.4) <0.001
g P4 B 2 1 i 92993 [ 191 (%) ] 104 (11.9) 39 (13.4) 30 (10.5) 35 (11.7) 0.572
2 4 1 A [451] (%0)] 238 (27.2) 97 (33.2) 76 (26.7) 65 (21.7) 0.007
PRI (mg/dL) 4937 £173.3 537.9+189.9 4833+ 169.4 460.6+149.9  <0.001
S (mmol/L) 101.5+5.9 96.6 5.9 102.2+3.7 105.7 + 3.6 <0.001
1580 (mmol/L) 4.0+0.7 42+08 40+07 38+05 <0.001
LB (IQR) 92.8(67.3,128.7) 104.8(71.8,146.0) 96.6 (66.5, 127.2) 85.8 (66.4,108.7) <0.001
REHA (IQR) 8.4 (6.1,12.0) 10.3 (6.9, 14.3) 8.2 (5.9, 11.6) 7.3(5.8,10.2)  <0.001
s oLy (gR) SLOGHS ESLGIS  msspm mRaEEA gy
Wk E RV S [] (%)] 772 (88.1) 262 (89.7) 249 (87.4) 261 (87.3) 0.586
R ZEK A [41(%)] 745 (85.0) 252 (86.3) 236 (82.8) 257 (86) 0.432
2 YT [4511(%)] 821 (93.7) 277 (94.9) 263 (92.3) 281 (94) 0.43

: BMI: SAF8%0; NT-proBNP: N K B ZUFIEAMKE: ™

VLA # (P25, PT5) %R .

32. WREE | FHBAREXERERMN COX BV

FRZ COX [BAaHras R R: MALEF(HR = 1.0016, 95% CI: 1.0008~1.0024). JXEZ(OR = 1.0012,
95% Cl: 1.0008~1.0016). IiLi#E#H(OR = 1.22, 95% ClI: 1.11~1.35). & {L#)(OR = 0.98, 95% ClI: 0.97~0.99).
NT-proBNP (OR = 1.0001, 95% CI: 1.0001~1.0002). 3 ##kZEK(OR = 1.33, 95% ClI: 1.08~1.65)3) 5.0 3 &
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H LENFABAS(LE 2) #—DrE 7 5 ME /KA 58 HR FIAHRI 95% Cl, AR &
LA RN RS o

AR AR O BE LAEN BRI ZE RS, AR E, WSS 14N
B KK AE E (B8 —: HR = 0.97, 95% Cl 0.96~0.98, P <0.001, A% 5. ERFGATEH,
H=: HR=0.97, 95% CI 0.96~0.98, P <0.001, V% TR, Fh. Skt MR 121w .
OWUREZE . 181k B ZE MM . AIPR 24, #A1=. HR=0.97, 95% CI 0.94~0.99, P =0.016, % 1 145,
R SRTES. BERRG . CKD. OUUEEZE. COPD. FIfRZG. MWLEF. BEfEfh. JRER. Mmigsr. &k
Y. MANAR). it AR, AR MK o I F e I = R AT 2 IR R B d i, RIS
BN KPR 1) B EAT BRI TR XU (58— HR = 0.69, 95% CI 0.58~0.81, P <0.001; % —: HR =
0.70, 95% CI 0.59~0.83, P <0.001; % =. HR =0.72, 95% Cl 0.57~0.92, P =0.007). Z5HfERH
SANGUTH AL R S R AR AR (WL 3).

Table 2. Univariate COX regression analysis of risk factors related to readmission of heart failure patients within one year
F 2 DREBE 1IFAFAREXEREZRNERERER COX BT

e HR (95% CI) P value
-8 1.08 (0.94, 1.23) 0.302
ERE, <60 1.15 (0.89, 1.48) 0.297
BMI 0.99 (0.97, 1) 0.146

B PR 1.1(0.94, 1.28) 0.23
1 1.11 (0.95, 1.29) 0.197
LJYLEESE 0.97 (0.73, 1.29) 0.843
g P4 B 2 P i 2 0 1.17 (0.95, 1.44) 0.139
W FE KR 1.33 (1.08, 1.65) 0.009
WRgEK A 0.98 (0.81, 1.19) 0.856
R e A 0.96 (0.73, 1.28) 0.799
ML 1.0016 (1.0008, 1.0024) <0.001
PRI 1.0012 (1.0008, 1.0016) <0.001
IR 1.22 (1.11, 1.35) <0.001
Rt 0.98 (0.97, 0.99) 0.003
NT-proBNP 1.0001 (1.0001, 1.0002) <0.001

VE: BMI: BHAFTEIEE; NT-proBNP: N A B B4 ILJE .

Table 3. Multivariate analysis of readmission within 1 year for heart failure patients with different blood sodium levels
= 3. FEIMMKFLREESE L FRNEARNZERZSH

- " M — HR A~ HR = HR
AR B VAN I
RE SRR P (95% Cl) P (95% Cl) P (95% Cl)
o 0.97 0.97 0.97 0.97
W58 095 008) <091 (096098 <%0 (09 008 <0901 (094099 0016
=i
i a2a 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
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‘ 0.8 0.8 0.81 0.82

=k é
TIEHAL 067,000 9% (0es09s) OO (0es 096 00 (oe7~yy 0096
o 0.68 0.69 0.7 0.72
= =k Q
FILEAL 055 0.81) <001 (0sg o8y 0% (050,083 <001 (os7~092) 007
[ERZT X <0.001 <0.001 <0.001 0.008

PR JEEEPER . R BMI; B . MRS SRS, BMIL BERR. CKD. OUUESE. COPD. FIfKZY;
PR = MR, SRS, BMIL BEJRHE. CKD. OJULEEZE. COPD . FIJRZG. MULEF. B, JRER. M.
& 4k¥. BNP.

3.3. FEIMENA Kaplan-Meier £FH&EDHTUREIDOREE L FRBARERD
TR 574

FAMEH Kaplan-Meier 2E47 i 2273 Hr 1 AN R BAZEG O 38 83 1 4R N PR NBE 3R B FEIE , 45 R RO
IR PN A PR R e,y T AP (LIS 2). FROUGIER T LA KT e ) BB B BT
JE R, B SAREAC. WA R, BMIL 8, PRI, OUUESE. COPD. CKD. H# IR
R ZEAKIEST BN NT-proBNP 73 J2 5 TEGE 58 30, SR MLEAN KT 3 i 148 BB 45 RFF
FEARER, AZWAREMER . R SRR K%, CKD. (LUEESE. COPD. FILKF. LEF.
PRIZ. B . k. BNP B2 (LK 3).
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Figure 2. Kaplan Meier survival curves of heart failure patients with different se-
rum sodium groups and readmission time within 1 year
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i ik B 4R (%) HR (95%CI) P {8
BMI(kg/m?)
<25 733 695(94.8)  0.96 (0.94~0.99) -— 0.054
>=25 143 132(92.3)  0.97 (0.91~1.04) —
i3
Lotk 500 469 (93.8)  0.96 (0.93~0.99) —o— 0.056
gtk 376 358(952)  1(0.96~1.04) e
(D)
<60 70 64 (91.4) 0.99 (0.88~1.12) ) 0.531
>=60 806  763(94.7)  0.97 (0.94~0.99) —@-
DUESE
a 818  776(94.9)  0.97 (0.95~1) -0 0.32
& 58 51(87.9)  0.94(0.85~1.04) —
18 4tk B 2 4 i
& 772 727 (94.2)  0.97 (0.94~1) —@— 0.357
7z 104  100(96.2)  0.96 (0.9~1.03) ——
18 12 5 JR
%5 638 602 (94.4)  0.95(0.92~0.98) —— 0.098
£ 238 225(94.5)  0.99 (0.95~1.04) —o—
BERR
& 636 598 (94) 0.97 (0.94~1) —0— 0.224
2 240 229 (95.4)  0.98 (0.94~1.03) ——
S & SER R
7 104 94 (90.4) 1.03 (0.94~1.12) —_— 0.084
P 772 733(94.9)  0.96 (0.94~0.99) -o—
NT-proBNP(pg/mL)
<900 463 427(922)  0.99 (0.95~1.02) — @ 0.436
>=900 398 386 (97) 0.95 (0.91~0.98) .
[ [
0.80 1.0
(95%Cl)
H: BMI: SR EEEG NT-proBNP: N Kt B BRIk 5 o
Figure 3. Stratified analysis of influencing factors on readmission of heart failure patients within one year
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4. T1ig

BTN T 2016 4F 12 F 2 2019 4F 6 3 a)7E [ DU )1 B 528 DY N R R e (E e (18612 90 5 10 &
#, AT 876 Bl TE A WSS KR W], DR MG BT3RO 1N BB FZ 0
BRIER, IEDuE 3 TS TR bR, Xt B a3 B I TR B B . AR R ) — il
ZLNARRT, XYERFARCTIT . Mt NIAWAESFDhaEER B REEIIEM. FOxEE+, mT
OIETHRERZ A FECO AR, SRR AR RE )t BRI, BRIAEAE 2 M BUK R B i L. i
LIRS FBOKIERE, INEOIEER, SI0IEfdE, RIS, RNILAEE O B
WIAFEN, BTG GN, HE2ERAEM13] [14]. Fik, oz EE RS, AR
R EER . T RSP T LA O B TS, RO 3E B B IR S S50 PR 2R [17] o
LN TR, RIMIE NI O B E A BENTUR[18], X 5EAMB AL RZ B, MmN
SIRCM LA R IE 5 DI RE, SRR AL, RN S A0 FE[18]. SR RIB R, R RRGRR RE
= SRS, DR EEAEBIE AT REgN 2, DURHIRBRBAER IR, 1 H &2 15k
ML BRI SR K RIS T ISR, S EULA S ARG BRI K, e SHEARIMIE#M[19] [20].

ENAMEIRZ R T BE L EEBEHOTIL, AR, (O3 8 B s 5 R BE 5 T oiess 1)
e, X FEAHHT 29 R R, FYIRE U5 AT RE A2 208 3 B0 HE SRR B 10 f85 DR 2R 0 T B [21] 5
T ML T, B R B A LU R I, O B E LT Rt B 2 Th e [22]. AR
W SR, WEOTEEH BRI TG E S, i TREAN D ZEACKINE], AR 2 A8V 1 80
FEAAEIG I, PRI 0o ZE 0T JRNE (0385 1 ) A H A AR TH[19]0 i PA, WF 78003 B FE N AR M0 BT 3R [
(=R PP R (S AR i P 1R St SN A R RN RE R A7/ P VS 3- ER NS A By livait
R, WA BRSSP KCr, S0 5E B3 TS [20] [23]. AUk, D 1S4 P £ 0o 52 58 5 13
Ja, WHCE 2RI R AR ARFAT L EN, AT BLRBO I EH A RIS R e AR, ARIEX = e AR,
HE AR T P, AT DA RO IR O B ISR T R, T H AT AIBCE B . 32 A7 & [24] -
T O BEAVFZ N, WATG T REA T S R B [25] [26]. AHIETE (L KF-GE Tt AP AR oA
MG, AR BAZEL 0o 38 R [RI N SRR PR« L e i AR 8 P O A B % v

WHFERM],  MIEACE BB O BE A RTUR R R, 2 SBUBHEIERREBIE M. Ko
TR Th e LS A RISE T G NS5 [27] [28]. AHEFTilE COX K Z ML FIR BIH T A, O3B E
DONBEIS MLE AT 1 4R A BN BE TS IO TIUAR bR o SRR AT, ASRLN e A A T O3 RO UAC 4 I
FPSRIE . BKIS . PRER SR, IS, UK R R Z R Z 7 A G 2R 30 2RI & ML 4
foieda . FFoki. BMIL JRIR. IIHAR. WUEFRR R RUE =, BRI D, S L.

LR PR, OFEEE B RAB ISR 2 — MRAEMER TR R, £ ErEEn, B
ARSI TS T 1A FRRN BRI (]I, 7R R TR R S, SRR E. 1
Ab, AR T =R A0 38 A AR RIS, SIS SN BiUS i DA BRI A 45 RAEH,
ML 87K TR TS BB RN AR, JF BA B TR S O3B (a7 . 8 AR B s K-,
PR BRSO T FUE O3 8 188 A FHRNBE S A RTTUA BAT B4R
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