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Abstract

Objective: To construct a risk prediction model for heart failure (HF) in patients on maintenance
hemodialysis (MHD) and to explore the risk factors for heart failure (HF) in MHD patients so as to
identify and reduce adverse prognosis at an early stage. Methods: Data of MHD patients hospitalized
in the Affiliated Hospital of Qinghai University from 2021 to 2023 were collected. These patients
were divided into the HF group (n = 59) and the non-HF group (n = 297) based on whether they
developed HF as the outcome event. The baseline characteristics of the two groups were compared,
and the patients were randomly divided into a modeling set (n = 250) and a validation set (n = 106)
in a ratio of 7:3. The predictor variables were determined by LASSO regression, and a prediction
model for HF in MHD patients was constructed by binary logistic regression and a nomogram was
drawn. The area under the receiver operating characteristic (ROC) curve was used to evaluate the
discrimination of the model. Results: HF occurred in 42 (16.8%) MHD patients in the modeling set
and 17 (16.04%) patients in the validation set. LASSO regression combined with Logistic regression
analysis showed that hypertension (OR = 4.05, 95% CI = 1.86~9.30), abnormal C-reactive protein
(OR = 3.04, 95% CI = 1.45~6.71), dialysis frequency 3 times/week (OR = 4.08, 95% CI = 1.80~9.97),
and dialysis age (OR=1.18,95% CI =1.02~1.36) were independent influencing factors for SF in MHD
patients (P < 0.05). A risk prediction model including the above four influencing factors was con-
structed and a nomogram was drawn. The areas under the ROC curve of the prediction model in the
modeling set and validation set were 0.785 (95% CI = 0.7124~0.8575) and 0.746 (95% CI =
0.6103~0.8821), respectively, with good discrimination. Conclusion: Hypertension, abnormal C-re-
active protein, dialysis frequency 3 times/week, and dialysis age are independent risk factors for
HF in MHD patients. The prediction model has good discrimination.
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o 7 4 1M 3 3% A (maintenance hemodialysis, MHD) & £¢ 5K 1 B 5 838 1 =38 205 W &5 AR0A 7 F B [1)
MHD 53 i 5O 0993 1 KU 240 A 508 N B 20 %5, FL R0 J3 5238 (heart failure, HF) A2 88— K0 I 45 PR
J95(£) 1.1%) [2]. MHD 85 7EAL S fa i R 2 (s U « B8 R85 it b, 34 T s B0 422 4% 1 PR B0 o UL
993 AT AT A 500 1 32 38 (HF) KU [3] o 72 [, 4 Rp b IR0 AT A 500 0 3238 ¥ 5B Lol 51k 45.45% [4].
ST MRS, RN BIAITIET MHD &2 K A0 =l OO S8 % . ik, ABEFRE R MHD
S IR0 77 2 vl AR RIS 2, DA Bl PR AR A D% S B PR 21 9 HLF T 22, 4k 3 38 AR A7 T i
2. BINE A
2.1. MRFR

N 2021 FEZE 2023 FFH WA R ERLH 356 4 MHD B3 . gIAbRE: (1) A EEE Rk
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K Wilcoxon #6536 He# o TH 8Bk UARXT B R, 4L ELBER R 5. W Bt/ T 20%(1) 4% B it
T2 EAiAh, BRI S % 7:3 %5y N4 (n = 250) A E4E(n = 106), LASSO A7k &, — 4%
% logistic [H AR B I B, K2 #F TAERHE(ROC) # 2k T AR PP Al A AL 1 [X 73 B
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RGN HEBRFR#E, 356 5] MHD & BAANFIBE T b, Hoh @ B4E 250 4], 39iE%E 106 1, K4E

HF 1159 f5i], A% HF (17 297 %, FFiRRFRILE 1. I%EdbE 38 .05, WiFERE 21 fl.03E, B
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N 2021-2023 EFWEKZHRBE B 390 Fl4ERFbE MTENT B

HeBR 34 BITIE <3 AR (15
D, KRBT 34D,
BRI O R R O
bR CGE D)
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30%[H) B & RIS NEESE (n=106)

Figure 1. Screening process for research subjects
1. AR R THESIE

Table 1. Comparison of baseline features between train and test sets

= L NGRS MR RA B ZAHELL R

65 MAREIE(N=356)  YIZE(M=250) IRIFHE(n=106)  SiitE P
T4A2E, mean+SD 61.89 +11.17 62.03 £11.27 61.54 +10.97 0.382 0.703
EHTRS, median [IQR] 1.00 [0.50,3.00]  1.00 [0.58,3.00]  1.00 [0.44, 3.00] 14060 0.358
4, median [IQR] 56.00 [47.00, 66.00] 56.00 [46.00, 66.00] 56.00 [50.25, 67.00] 12797.5  0.610
I, n (%) 7 126 (35.39) 89 (35.60) 37 (34.91) 0.016 0.900
% 230 (64.61) 161 (64.40) 69 (65.09)
BT, n (%) 7 172 (48.31) 119 (47.60) 53 (50.00) 0.172 0.679
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PEIRG, n (%)

MAEH, n (%)

M5, n (%)

M, n (%)

SF, n (%)

HDL, n (%)

TG, n (%)

CHDL, n (%)

CRP, n (%)

EHTAZ, n (%)

FENTEE, n (%)

iPTH, n (%)

‘L‘%; n (%)

LDL, n (%)
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184 (51.69)
210 (58.99)
146 (41.01)
103 (28.93)
253 (71.07)
213 (59.83)
143 (40.17)
113 (31.74)
243 (68.26)
207 (58.15)
149 (41.85)
61 (17.13)
295 (82.87)
252 (70.79)
104 (29.21)
327 (91.85)
29 (8.15)
178 (50.00)
178 (50.00)
96 (26.97)
260 (73.03)
116 (32.58)
240 (67.42)
27 (7.58)
329 (92.42)
297 (83.43)
59 (16.57)
344 (96.63)
12 (3.37)

131 (52.40)
151 (60.40)
99 (39.60)
72 (28.80)
178 (71.20)
159 (63.60)
91 (36.40)
73 (29.20)
177 (70.80)
149 (59.60)
101 (40.40)
45 (18.00)
205 (82.00)
172 (68.80)
78 (31.20)
227 (90.80)
23 (9.20)
131 (52.40)
119 (47.60)
68 (27.20)
182 (72.80)
80 (32.00)
170 (68.00)
19 (7.60)
231 (92.40)
212 (84.80)
38 (15.20)
240 (96.00)
10 (4.00)

53 (50.00)
59 (55.66)
47 (44.34)
31 (29.25)
75 (70.75)
54 (50.94)
52 (49.06)
40 (37.74)
66 (62.26)
58 (54.72)
48 (45.28)
16 (15.09)
90 (84.91)
80 (75.47)
26 (24.53)
100 (94.34)
6 (5.66)
47 (44.34)
59 (55.66)
28 (26.42)
78 (73.58)
36 (33.96)
70 (66.04)
8 (7.55)
98 (92.45)
85 (80.19)
21 (19.81)
104 (98.11)
2 (1.89)

0.691 0.406
0.007 0.932
4.962 0.026
2.503 0.114
0.729 0.393
0.443 0.506
1.602 0.206
1.246 0.264
1.934 0.164
0.023 0.879
0.130 0.718
0.000 0.986
1.145 0.285
0.475 0.491
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Figure 2. LASSO regression analysis of the occurrence of HF in MHD patients

& 2. MHD 2# %4 HF 89 LASSO [E)3 5tk

Table 2. Multifactorial analysis of the occurrence of HF in patients with MHD

2 2. MHD B2E X% HF B ERSHT

B B SE z value OR (95% CI) P
LR () 1.398 0.407 3.43 4.05(1.86, 9.30) <0.001
C RMEAGHHE) 1.110 0.388 2.86 3.04(1.45, 6.71) 0.004
TR (3 WK 1.405 0.433 3.24 4.08(1.80, 9.97) <0.001
FETie 0.163 0.726 2.25 1.18(1.02, 1.36) 0.025
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Figure 3. Nomogram for risk prediction of HF in patients with MHD
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Figure 4. ROC curves of the predictive model for the risk of HF in MHD patients
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4. VWHig

TEKI MHD JAY7IRERR AR, S LA e o R e s Bt B IUE B 7 A PR &,
Bl T 0 7 SR (HF) AR R R Mot B [5]. BRI B T AEBWIRIR, AR NI S S, 5
S0 EF /R 5 40 43 P 12 2140 P A B 25 (B PO/ o 345 T 51 A2 28825 145 P 2 20 M 2 1 257K P F I [6] I Btk
TS 5 R BB IS ZE R RS MRER, — 2 M TR« AT RA0R . 8 — 2 I RO UL iR () B,
(RAE MU EE P 0B, LI B, ANTTHE 0 7 20 3 5385 1 R 7] [8] 0 0o S BES8 2 phy T 0 45
FIRThRE 241, SO SUCAHTH AR ISR M ThRESZ I, OOl L A 2 DA 2 4 B L LRSS Y T
AR R o £ 5B U R A K A T R REIR , 7 A AT S B A i [9]-[1].

A FE I EFE 4T, BT A& T MHD M0 /388 (HF) RS TR 51 25 B, 46
FW], EOLER . BHR . GREIUGEE] 3 LK C MR FIK TR MHD #5 K A 0 115608 (1)
IS R R KB R ], MHD BE IR0 3B R — N 2 SRR 45 . — 0o i 47
H LT ST S B B, BhBIIL 2 0 ) BEIR (T SE R T 2 [12] . KT MHD Y97 & B 25 5
BLAEIE e 0 U, 3 000, S T T A S HF 15 2E o 1 AR 87 1o T o v B e e A
T, IR SR R R RS RR R, ML A T R I AR S, IR A IR A,
b — 45 00 Ak £ I P A [13]

6 MHD 35 h, C R4 [1(CRP)KF T+ B T A R 718 R A, RIRAS 5.0 /15838 1 R
AR AT 55 o SO ANRE O BERRISE S, 10200 B8 1 S5 IR, I T i 51 3 0 BE A R AR R E FR I 2 [14] [15].
ik, 76 MHD S5 R E dh, Wil CRP /TR VP -0 /5858 XU o B8 7% 3L @i e i e
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Frfiix >3 Uit p HE RIERRER, i i) MHD S, S8 5 515 HF B4 . 5 R EENT i A
BHTAR > 3 UAF N0 I EE ML SR 2R, BE%E MHD BRI E, 0O UL A 2R 45 05 48 52
BARGFECOIRGAIRAENT]. B, T MHD B3, RoglIiFah CRP K, FREGHAMNC T 50
ARG VP At A R A — 870
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BEHTIIR > 3 % C JRMLEE F/KP ML GRF 2. MHD B IF RO vt 2 R RER AR, dELk
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