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Analysis of risk factors related to recurrent hemorrhagic stroke and the

construction and verification of predictive model
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"Henan University of Chinese Medicine, Zhengzhou, Henan 450046, China
Abstract: Objective To investigate the risk factors related to the recurrence in patients with hemorrhagic stroke and to es-
tablish a corresponding risk prediction model to provide reference for reducing the recurrence rate of hemorrhagic stroke.
Methods The patients with hemorrhagic stroke treated in the Department of Encephalopathy, the First Affiliated Hospital of
Henan University of Chinese Medicine from January 1, 2020 to December 31, 2022 were included in the study. The clinical
data of patients with recurrent hemorrhagic stroke were collected to explore the risk factors related to recurrence of hemor-
rhagic stroke. The original data were divided into modeling sequence and verification sequence by random grouping method,
and the modeling sequence was analyzed by univariate and multivariate analyses and model construction. The C index, re-
ceiver operator characteristic (ROC) curve, standard curve, and clinical decision curve were used to evaluate the discrimina-
tion, accuracy, and clinical utility of the model, and the prediction accuracy of the model was verified by verification se-
quence. Results A total of 1 571 patients with hemorrhagic stroke were included, including 253 patients with recurrent hem-
orrhagic stroke and 1 318 patients with initial hemorrhagic stroke. The original data set was constructed and randomly divid-
ed into modeling sequence and verification sequence according to 7:3 ratio. Logistic regression analysis showed that course of

disease (OR=3.548, 95%CI: 2.852-4.415), smoking (OR=1.499, 95%CI: 1.136-1.978), drinking (OR=3.330, 95%CI: 2.356-
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4.709), male (OR=1.424, 95%CI: 1.006-2.016), hyperlipidemia (OR=4.372, 95%CI: 2.227-8.584), cerebral infarction (OR=
2.254, 95%CI: 1.294-3.928), high density lipoprotein cholesterol (OR=2.034, 95%CI: 1.220-3.389), prothrombin time (OR=
1.103, 95%CI: 1.004-1.211), and homocysteine (OR=1.03, 95%CI: 1.014-1.047) were the influencing factors of recurrence in
patients with hemorrhagic stroke, and a risk prediction model was established. The area under the ROC curve of the modeling
sequence and the verification sequence was 0.834 (95%CI: 0.810-0.859) and 0.842 (95%CI: 0.804—0.880), respectively, and
the standard curves were highly consistent. The results of Hosmer Lemeshow goodness—of—fit test were P=0.900 and P=0.736,
respectively, and the thresholds of clinical decision curves were < 0.9 and <0.95, respectively, indicating that the model had
high discrimination, calibration, and clinical effectiveness. Conclusion Course of disease, smoking, drinking, sex, hyperlipi-
demia, cerebral infarction, high density lipoprotein cholesterol, prothrombin time and homocysteine are independent risk fac-

tors of hemorrhagic stroke. The risk prediction model established in this study can timely identify high—risk patients with re-

current hemorrhagic stroke and prevent the occurrence of adverse events.

Keywords: Hemorrhagic stroke; Recurrence; Risk factors; Predictive model
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Table 1 Comparison of basic clinical data of patients with modeling sequence and validation sequence [n(%),(x +s)]
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Table 2 Analysis of prognostic factors for modeling cohort patients

SR BRI 2 logistic 707 ZH 2 logistic /34T

S OR fH(95%CI) PAi OR {H(95%CI) P
() 3.464(2.747 ~ 4.367) <0.001 3.548(2.852 ~ 4.415) <0.001
W A 1.480(1.120 ~ 1.955) 0.006 1.499(1.136 ~ 1.978) 0.004
(el 3.339(2.348 ~ 4.749) <0.001 3.330(2.356 ~ 4.709) <0.001
5 1.394(0.964 ~ 2.015) 0.028 1.424(1.006 ~ 2.016) 0.046
A% ) 1.009(0.996 ~ 1.021) 0.171

e ML S 1.134(0.788 ~ 1.631) 0.497

W PR s 1.109(0.753 ~ 1.632) 0.600

fra JB LA S 4.109(2.064 ~ 8.180) <0.001 4.372(2.227 ~ 8.584) <0.001
TR 0.678(0.396 ~ 1.161) 0.157

i iiAsd 2.356(1.334 ~4.161) 0.003 2.254(1.294 ~3.928) 0.004
BMI(kg/m?) 1.014(0.987 ~ 1.042) 0.312

TC(mmol/L) 0.817(0.553 ~ 1.206) 0.309

TG(mmol/L) 0.907(0.748 ~ 1.099) 0.319

LDL-C(mmol/L) 1.200(0.816 ~ 1.765) 0.353

HDL-C(mmol/L) 2.202(1.144 ~ 4.235) 0.018 2.034(1.220 ~ 3.389) 0.006
PT(s) 0.915(0.817 ~ 1.025) 0.126

FIB(mg/dl) 1.090(0.910 ~ 1.306) 0.350

TT(s) 1.149(1.025 ~ 1.288) 0.017 1.103(1.004 ~ 1.211) 0.042
DD(pg/L) 0.941(0.826 ~ 1.073) 0.366

HCY (umol/L) 1.030(1.013 ~ 1.048) <0.001 1.03(1.014 ~ 1.047) <0.001

AR 1=1 AR 2=1~6 H 326 A LI W 1= AR 2=C 1 3=BUFEM I ; TR 1= AR 2=C il 3= s 15 1= 5 |
2= MR AL O=F5 1= s BHIRI 52 0= | 1= 5 i IILIE B0 O=75 (1= 5 S o S 0= | 1= s IATAE 5L 0=15 1=,



24 - IACTRDTEE % 2024 4F55 51 455 1 ) Modern Preventive Medicine, 2024, Vol. 51, NO. 1

2.3 AP H R R TR AR M SR
i logistic [MIH A 5 il A rh 2 R AH G IH 2
P RS TR R DU R RS R S, B RS
B R0 X = B, Xo= MR X o= TR, X= PR, X 5=
e B IALAE 52 X o= MRS B 50 X o= 1 %5 G 2 1 X = i
I it o 1) X o= [ 2R e 2R TR Tt il A5 7 Oy
Y=-8.435+1.266X,+0.405X,+1.203X5+0.354X,+1.475
Xs5+0.813X+0.71X,+0.098X:+0.03X,+0.857 . Fi il #% 7
TE ALY 51 K 06 UE P 91 48 52 i T AR R AiF il 28
(ROC) 43 & SR (1) i 2 T AR 430 oh 0.834
(95%CI:0.810 ~ 0.859)F1 0.842(95%C1:0.804 ~ 0.880),
DL 1.2, TR ALAE AR 4 S Gk 4 22 e v
LIRSS 5 s PO B RN SE PR B AR — 3, )
A H-L fL A I B K 50 45 R W os Bk P=
0.900 Fl P=0.736, 3 >0.05 , 136 B R R v 5 400, T
] 3 4. P 7 EAR T 51) M ik T 51 28 I PR3
fgk (DCA Zr#1) BeukZs S s B E 7 518 <0.9
F1<0.95, R IZABIRIEL AR T FUN M RERL AT, WLIE 5
6,

1 — -
08 3 i &
wf
m ,'l -
ol /
J HEeE]
‘ P - B
02 j /
,‘
| 5o
0 0.2 0.4 06 0.8 1
145504
B 1 SRR AT A A ROC 2k

Figure 1 ROC curve of the prediction model in the modeling
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