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Influencing factors of 1-year readmission for heart failure patients

based on optimal length of stay
LUO Hao LIU Yanxu WEN Cong CUI Yangyang DU Lingin ZHOU Yang
ZHENG Jiankang SHEN Xiufeng Ofe Eugene Kwaku WANG Kun
ZENG Lang LI Shikang YUE Rongchuan

(Department of Cardiology. Affiliated Hospital of North Sichuan Medical College, Nanchong,
Sichuan, 637000, China)
Corresponding author: YUE Rongchuan, E-mail: yyc@nsmec. edu. cn

Abstract Objective: To evaluate the relationship between the length of stay(LLOS) and the risk of readmis-
sion within 1 year in patients with heart failure, and explore the optimal LLOS patients and the influencing factors
of readmission. Methods: Clinical data of patients with heart failure admitted to the Department of Cardiology,
Affiliated Hospital of North Sichuan Medical College, between January 1, 2018 and December 31, 2020 were col-
lected. The patients were categorized into four groups based on their length of stay(LOS1: <{5 days, LOS2: 6—
10 days, LOS3: 11—15 days, LOS4: =16 days). Univariate logistic regression analysis was conducted to assess
the relationship between the different LOS groups and readmission risk, and the hospitalization period with the
lowest odds ratio(OR) was identified. Patients in the LOS group with the lowest OR were further divided into the
readmission and non-readmission groups based on their follow-up readmission status within 1 year. Baseline data
between the two groups were compared, and variables with statistically significant differences were included in
multivariate logistic regression analysis and receiver operating characteristic curve(ROC). Results: The LOS2 had
the lowest OR value. A total of 649 patients was in LOS2 group. including 216 in the readmission group and 433

in the non-readmission group. Multivariate logistic regression analysis revealed that smoking history, blood homo-
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cysteine(Hcy), N-terminal pro-brain natriuretic peptide (NT-proBNP), and glomerular filtration rate (eGFR)

were independent influencing factors for 1-year hospital readmission in patients with heart failure in the LOS2

group(P<C0. 05). ROC curve analysis shows that the area under the ROC curve(AUC) for predicting readmission

within 1 year for LOS2 patients based on smoking history, Hcy, NT-proBNP, eGFR as individual predictors and

in combination were 0.594, 0.627, 0.643, 0.733, and 0.775, respectively. Conclusion: LOS2 had the lowest

risk of readmission. The smoking history, Hcy, NT-proBNP, and eGFR are risk factors in the readmission within

1 year for patients in the LOS2 group.

Key words heart failure; length of stay; readmission; influencing factors; risk prediction model
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Table 1 Clinical data of different LOS patients

Be XU OR H 3 & T LOS2 40 H #,L0SL 5§
LOS3 4 #H OR {HIEEARMAE, M LOS4 4 B &
OR A0 LOS2 41 B E XK/ 2. 117 %,

X +S.M(P,;,P) (%)

Ap LOS1 4 (162 fi) LOS2 4 (649 fi) LOS3 £ (456 fi) LOS4 4l (220 i) F/H/y* 6 P fH
iEE /% 70.164-12. 48 68.934-12. 43 71.80411. 16 70. 64411, 71 5.289  0.001
FE 91(56.2) 379(58. 4) 232(50. 9) 121(55.0) 6.185 0.103
BMI/ (kg/m?) 22.2242.71 22,5342, 97 22.3243.13 22.5342.95 0.818  0.484
W AR 63(38.9) 270(41. 6) 158(34. 6) 84(38.2) 5.487  0.139
e} 38(23.5) 204(31. 4) 114(25.0) 52(23.6) 9. 451 0.024
TR I 68(42.0) 312(48. 1) 222(48.7) 123(56.0) 7.608  0.55
5 PR I 27(16.7) 134(20. 6) 119(26. 1 76(34.5) 23.325 <C0.001
RN 105(64. 8) 439(67. 6) 320(70. 2) 160(72.7) 3.587  0.310
i 7 Wi 5l 56(34. 6) 233(36.0) 190(41. 7 77(35.0) 5.265  0.153
COPD 19(11.7) 95(14. 6) 83(18.2) 44(20. 0) 7.236  0.065
[fi] 284 2 e 282 / (pemol /1) 16.71(14.28,19.95) 17.35(14.23,21.15) 17.19(13.90,21.81) 16.40(13.58,20.34)  3.917 0. 271
WLEF/ (ol /1D 86.20(68.20,108.00) 83.00(67.00,104.50) 83.30(67.00,105.60) 89.68(70.00,113.50) 8.150  0.043
GFR/ (mL/min) 73.55(56.07,90.18)  73.99(55.43,91.12)  70.58(54.73,85.17)  68.09(48.16,83.67) 13.590  0.004
1144/ (mmol/L) 136. 0545, 13 136. 5045, 21 136. 8944, 62 136. 2375, 40 1.507  0.211
1fiL 5% / Cmmol /L) 2.254+0.15 2.24740. 14 2.2540. 14 2.2440.15 1.155  0.326
14/ (mmol/L) 3.84+0.71 3.7140.58 3.7340.62 3.80=0. 80 2.394  0.067
ST £/ (pmol /L) 16.35(11.30,22.52) 17.40(12.36,24.30) 16.09(12.20,23.30) 16.57(11.53,25.47)  6.578  0.087
M =/ (mmol/L) 1.17(0.87,1.53) 1.09¢0. 81,1.42) 1.10(0. 83,1, 45) 1.06(0. 82,1.45) 3.797  0.284
2 249. 08(860. 00, 2 646.00(957. 60, 2 729.00(968.20, 3 627.00(1 372.50,
NT-proBNP/ (pg/mlL) 11. 439 0.010
5 373.00) 6 437.00) 6 583.50) 9 951.50)
L4k | H D B iR 74/ _ -
3.25(2.20,6.53) 3.10(2.00,5. 40) 3.52(2.20,5. 88) 3.50(2.30,6.45)  10.227  0.017
(pg/ml)
VLDL-C/(mmol/L) 0.69+0. 36 0.7140.36 0.7140.33 0.70=0. 37 0.134  0.940
HDL-C/(mmol/L) 1.11+0. 39 1.11+0.35 1.124+0.37 1.1040. 41 0.265  0.851
LDL-C/ (mmol/L) 2.16%0.76 2.1540.79 2.1340.75 2.1620. 80 0.134  0.940
15 JE & % / (mmol /L) 3.96+1.08 3.96+1.12 3.96+1.07 3.9641.12 0. 002 1.000
145.50(114. 00, 151.00(112. 00, 158.00(118. 50, 154. 00(112. 00,
/MR &/ (X 10° /1) 981  0.264
197. 00) 194. 00) 200. 00) 213. 50)
A%/ (<100 /1) 6.56(5.38,8.53) 6.54(5.35,8.16) 6.41(5.21,8.11) 7.10(5.73,9.41)  13.413  0.004
W AL i DR E 1) / 14.20(13.50,15.40)  14.30(13.50,15.40) 14.30(13.50,15.50) 14.60(13.65,15.65)  5.606  0.132
MLLE A/ (g/1) 122, 58422, 41 124, 12422, 80 122. 18422, 87 118. 64423, 40 3.202  0.022
W EL AR5/ (X 10° /L) 1.17(0.83.,1.58) 1.18(0. 84,1.54) 1.17€0.79,1. 54) 1.05€0. 74,1, 45) 5. 839 0.120
e AR WA E 4%/ mm 53.4148. 85 54.414:10.13 53.8249. 63 54.22410. 20 0.613  0.606
Ze s 5%y % 51.24+12.95 49,0413, 60 49.42+13. 30 48.33413.63 1.598  0.188
NYHA 434 5.108 0.164
1 6(3.7) 43(6. 6) 30(6. 6) 12(5.5)
Il 55(34.0) 212(32.7) 140(30. 7) 60(27.3)
I 75(46.3) 312(48. 1) 213(46.7) 108(49. D
v 26(16.0) 82(12.6) 73(16.0) 40(18.2)
A3 Bt 0 110 245 9 A 50
W 1. i 245 9 104(64. 2) 438(67.5) 339(74. 3) 157(71. 4) 8.776  0.032
FI R 149(92. 0) 601(92. 6) 427(93.6) 209(95. 0) 2.013  0.570
B A% {4 BH ¥ 771) 76(46.9) 428(65.9) 330(72.4) 140(63. 6) 34.681 <<0.001
ACEI/ARB 15(9. 3) 119(18.3) 91(20.0) 37(16.8) 9.843  0.020
B 1M/ B 4R 104(64. 2) 478(73.7) 344(75. 4) 165(75. 0) 8.300  0.040
B Y 63(38.9) 279(43.0) 220(48. 2) 108(49. 1 6.930  0.074
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R 2 BARHIEBEEZE logistic [ 135 %

Table 2 Univariate logistic regression of readmission

e 8 SE Wald y* {8 Py OR {1 95%CI
LOS(LL LOS2 &%) — — — — — —

LOS1 0. 447 0.179 6.249 0.012 1.564 (1.101~2. 221)
LOS3 0.458 0.126 13. 217 <<0. 001 1. 580 (1.235~2.022)
LOS4 0. 750 0.159 22. 381 <<0. 001 2.117 (1.552~2. 889)
W —0.695 0.083 69. 701 <0. 001 0.499 —

2.3 LOS2 4 5 FL 2 FHAE

R4 LOS2 418 # 2 /A B fa 1 4F N O
TR RABE. 0 0P ABEA (216 B AEF A BE4H
(433 ). T LH AR 3 AR IS (BMI i IR B PR 9
SO O By B Bl . COPD 9 s JC W i 22 5, 4,
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I QR KLY R N 1 A R - I N W1 A DN Bl 8
Ji) 2 75 R P A 0t g 245 90 L B 2 AR BHL i R0 LB 25
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IR NI Ny L Al n S =N R O K =
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FEW) | I I T DR ) A0 2= AT AR R W A R AR
IR ACEI/ARB¥IHE &, Z R A &I E X
(P<C0.05), 1M A Bt 28 /8 & 1 eGFR.ILEA | A2 0
5 I A E (B I AR T R A BE 4L (P <<0. 05)
AWK B B NT-proBNP fH 7024 5 A~ X ], 73
HA NT-proBNP<C1 000 pg/mL.1 001 ~4 000
pg/mL.4 001~7 000 pg/mlL.7 001~10 000 pg/
mL.>10 000 pg/mL,JE F A B4l 2 # NT-proB-
NP {8 4 7 fi 76 4 000 pg/mL LI F. & kb
73.7% M B ABE 4 B #H NT-proBNP # {8 1] & 5
THEFABEA, Hh>10 000 pg/mL A% i th %
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JE e  AE E STl 4y £ R IR 7] ACET/ARBLNYHA
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HEHE 1TENH AR ROC £ 5, w4,
Hcy. GFR, NT-proBNP i AUC 4 5l & 0.594

(95%CI 0.548~0.641, P <0.001).0.627(95%
CI 0.582~0.672, P <C0.001),0.643 (95% CI
0.599~0. 688,P<C0. 001) I 0. 733(95 % CI 0. 691
~0.775, P<C0.001),4 T 48 b Bk & W B AUC
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Table 3 Clinical data between readmitted and non-readmitted patients in LOS2 group
X+S.M(P,; Py B (%)

AR AR (216 #1) JEFFABE 4 (133 B Z/y? /el P1{H
iR/ % 68.89+12.79 68.94+12. 26 0.047 0.962
I 140(64. 8) 239(55. 2) 5. 488 0.019
BMI/ (kg/m?) 22.7743.07 22.5742.92 0. 409 0. 683
W% S8 117(54.2) 153(35.3) 21.036 <<0. 001
R 80(37.0) 124(28.6) 4.718 0. 030
o IR 111¢51. 4) 201(46.4) 1.425 0.233
W R 45(20.8) 89(20.6) 0. 007 0.934
e ] 145(67. 1) 294(67.9) 0.039 0. 844
L 5 Hi ) 79(36.6) 154(35.6) 0.064 0. 801
COPD 29(13. 4) 66(15.2) 0.381 0.537
Hey/ (pmol/L) 18.96(15.97,23.12) 16.73(13.56,20. 28) —5.280 <<0. 001
WL/ (ppmol/ 1) 90.55(76.05,122.15) 78.00(63.80,97.20) —5.911 <0. 001
GFR/(mL/min) 66.06(48.38,81.46) 77.71(61.12,96.25) —5.957 <<0. 001
144/ (mmol/L) 135.91+5.53 136.79+5.03 2. 047 0.041
1.5 / (mmol/L) 2.2440.15 2.24+0.13 —0.281 0.779
M7/ (mmol/L) 3.7740.57 3.6840.59 —1.905 0. 057
BT &/ (pmol/L) 17.95(13.15,27.63) 17.00(11.97,23.50) —2.102 0.036
H I =EE/ (mmol/L) 1.12(0.83,1.47) 1. 06(0. 80,1. 40) —1.389 0.165
21 43 H 5D FEAR 724/ (pg/mL) 3.60(2.30,5.93) 2.89(1.90,5.09) —2.972 0.003
VLDL-C/(mmol/L) 0.6740. 33 0.7240. 37 1.571 0.117
HDL-C/(mmol/L) 1.0940. 38 1.1240. 33 1. 089 0.277
LDL-C/(mmol/L) 2.09740.72 2.1740. 82 1. 345 0.179
I 2 8 [ 5/ (mmol /L) 3.88+1.10 4.0041.13 1. 806 0.071
/MR I/ (<107 /1) 151.00(110. 50,191, 50) 150. 00(113. 00,196. 00) —0.632 0.527
404/ (X107 /1D 6.80(5.24,8.39) 6.51(5.38,7.99) —0.977 0.328
156 10 it J R[] /s 14.60(13.80,15.85) 14.10(13.0,15.20) —3.983 <0. 001
ML M/ (g/1L) 123.32+24.10 124.51+22. 14 0.628 0.530
I L 40 3/ (X 10° /1) 1.16(0. 83,1.52) 1.19(0.87,1.56) —0.549 0.583
A& AP R W5 42/ mm 57.7449.93 52.7549. 82 —6.084 <20. 001
Lo = S i oy 8/ %% 44.61413. 33 51.26413.21 6.021 <<0. 001
NYHA 43% —3.909 <20. 001

1 8(3.7) 35(8. 1)

Il 57(26.4) 155(35. 8)

Il 113(52.3) 199(46.0)

v 38(17.6) 44(10.2)
NT-proBNP —10.032 <£0. 001

<1 000 pg/mL 23(10. 6) 148(34.2)

1 001~4 000 pg/mL 61(28.2) 171(39.5)

4 001~7 000 pg/mL 31(14. 4) 65(15.0)

7 001~10 000 pg/mL 30(13.9) 23(5.3)

=10 000 pg/mL 71(32.9) 26(6.0)
A3 i 191 1] 245 49 i FH 15

R 1l B 25 ) 144(66.7) 294(67.9) 0. 100 0.752

F R 207(95. 8) 394(91.0) 4. 930 0.026

B 2 {4 BHL i 741 149(69.0) 279(64. 4) 1.327 0. 249

ACEI/ARB 49(22.7) 70(16.2) 4. 090 0.043

B il /N B 4 153(70.8) 325(75. 1) 1.325 0. 250

WLEEL Y 96(44. 4) 183(42.3) 0. 280 0.597
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Table 4 Multivariate logistic regression of readmission in LOS2 group
7R B8 SE Waldy* i P OR A 95%CI
W I o 0.701 0.194 13.010 <0. 001 2.015 (1.377~2.948)
Hey 0.022 0.011 4. 054 0. 044 1.023 (1.001~1.045)
GFR —0.010 0. 004 7.955 0.005 0. 990 (0. 983~0.997)
NT-proBNP(LL<<1 000 pg/mL HE)  — — — — — —
1 001~4 000 pg/mL 0. 768 0.276 7.756 0.005 2.156 (1.256~3.703)
4 001~7 000 pg/mL 1.026 0.325 9.943 0.002 2.791 (1.475~5. 282)
7 001~10 000 pg/mlL 1.927 0. 368 27. 387 <<0. 001 6. 868 (3.337~14.132)
=10 000 pg/mL 2.735 0.331 68. 369 <0.001  15.409 (8.058~29.467)
Wi —1.793 0. 449 15.914 <<0.001 0.166 —
| B TAEH O M NRHE 5 TAER % & Z M Hey
PR E Z M, K Hey KEH AR HA B
O 5 XU i) 455 A2 - 43 v BT g 25 el k0 o R E
081 A BE RS B P A
FIEN R TE R 5 0 o R 1Y 25 1 B0 A R I O 3
06F J12 7 Kk ¥R A G HEAE Y. NT-proBNP 1 4
% BNP A (A B A 1 A0 7™ 4, AT AR ) 22306 1 A L
3 Iz T BNP.NT-proBNP - g # | BRI E L 212 Wi
R U FE H ORI R B2 R R
;" NT-proBNP Kubler %75 % B BE 1 (8] NT-proBNP 7K - 4L
o2f | . Tt 9 F LA B B A BE 3 L O HL 93— TR 5
_flgﬁ‘am%e RO B E RS 1 BN NT-proBNP ) &K
oL —sxn AR /NT 30 % 4 1 AR P FE T A R 23 1 m
I | ! L | ! 450 AN, — T BEHL A E SE 5 IE 3L, NT-pro
0 02 0.4 0.6 0.8 1.0 BNP 1 4.0 52 S8 35 25 5 0000 45 B A9 48 b, HOK P
1-HE S0 T 5 10 HEE O JULBE 03 % A T K 9 L
1 LOS2 AR E | FHEANRKKE ROC Hi% AL ERFEN LOS ERK MK, AR NT-
Figure I ROC curve proBNP 7K F 15 5 H K (9 LOS FIHE & B9 9% 58 %

FEAR RIS, Hey KETH R TR OB H
FEABE B 20 ST e B8 W0 [ 2 L Hey /R 8 —F S &
FER L Je 7E B R AR 72 o R AY L M P R L 4
E B6.BI2 8 E B 5 Hey VBB = & F 5
M3 A Hey ¥ BE 38 @&, Bk b R 78 2 B 4 8 i
FENH  Hey KT8 il S 8 bR T g e it . B 4
Bl UE B A 35 0 TEAE N 22 Ff O I 4 2 90 1) 2 57 S
B D T, — TR A g RS e T i
Hey /KTt 518 M0 58 & 8 2 1A 56, IF HOESS
T Hey KFETHE L FEEREZH L X85 Hey
i gt A2 2 e bR Bl bk BH 14 P R T RE R A, 5 B0
FUL B ot e SR, DA B R A R A 7 9 o 1 ok U =2 — 41
DAL BE RS D E R A RA K, HAER
(52 » Hey A2 3 Bi0pe g 7™ o R B 389 i i FL 3B
SHERAE g B F AT LOS™ . Karger %67 fiff 53 %
B L5 K Hey B R 8% UE 52 2 56 IR 3 ik ifn 4 45 1k
HEE Y FE R R L 5 B00 1M R R TR S L Bk
) 2 20 T SR AR BE LOS. SR 78 I PR 52 2

MRHE AN ANBEFMG T B 25, ®Y
NT-proBNP 7K 3 %F 4 5k 0 5 8 FAE B LOS BAH
O AERY . ARAFSE L NT-proBNP <1 000 pg/
mlL 2% He ik, & W NT-proBNP & 7+ 1 48
JE (3 000 pg/mL), LOS2 4 /% 1 4 N H K AR
A XU 247 A 184, 17 24 N'T-proBNP >>10 000 pg/
mL B, OR RS Lb 22 W7 B2 =08 . AH OC A 5% 3R W
NT-proBNP 7K~V Ft i 5.0 52 85 Bl J5 ™ 5 A% 2 A
TE B, AT AR S PRLC I A8 2 90 A0 T 50 5 P A Bt 114
SEFN R R SR 45 R — 8, A, BE
AEAT HH BE 3 2 R AR R G T RO | I IR VT A R e
i), 1 NT-ProBNP fE Jy — F % WA= 4 % 6 55 45
s A B A X0 3 AR R T AT LA B A A
W o IRl A ) AR AR B A B2 YT R

A WFFE 2 B L A O 3 RRCE A B A ), ROAR am L
B 7K P 52 8 A5 kAR I HLEL A AR 38 0 A 1R 25 5L SR T
FBE W AET A B KRS 35 A 2 3 el AR, LA
6 0 B R 20 I T BB 48 AR O AN B o 1 b 41
B UG AR B, H X R — R 58 5, A B 9 1]
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B U 78 I B 30 eGFR 4k 28 R FEET, 9 Bl
F 12 NT-proBNP 3222 78 B HE AR 1, 24 B JIE 22
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ERBEWIE eGFR 5 NT-proBNP /K22 L A7 75 58 H.
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FREY), 24 NT-proBNP /K- [ Jhit, Hi i e GFR 48
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PERE DL T P 10048 A 2k 57 F00 000 B %) 45
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