hE AR T A 2025 4F 12 A% 41 %55 12 ) Chin J Public Health, Dec 2025 Vol.41 No.12 - 1493 -

IFERES T

Fe T EC SR B A o R S R B R B 5% FH A R A
EWmERR T

EAE, ORLE, X AR, FiEAE

BRI A 2B, UL 430071
BASEH : F4E 8, E-mail: yachua@whu.edu.cn

[# Z]1BHN 2T HEFEFERZFANHRPEHEEZ, Y EERETRA. REERHFEF AER
HEHEXE., B KEFEELFIHRRELZTALEAABEEEAREAZ T 202045 1 A 1 H-—2022 4
12A31 HHE B 66524 I F R FERGERE, RAKEBARBONMERERTNELNTEINIMEF L H
TR B H AR, FERT XE&EEE (GLM) & IR # Z 2 7 (XGBoost) £ & # it % v £ [ % i By
KEHE., R 66524 Bz B3 P, Bt E P (IS) & 85.80%, i i (ICH) & 10.84%, %k F iE T iz
Wi (SAH) & 3.36%; il & & B # (£ % A M(P,s, P7s) 71 6992.32(3 997.76, 13 475.91) 76, I & & SAH # £ I
%R E, M 88389.28(12494.50, 151 711.34)70, ¢ & B F At T HF G ER A F AW 3 10, T8
& b2 A 29.29%. 24.61% 1 19.43%, ISFICH £ ERFAULGER Y E, SAHUEWF AN E, K&
KBEAOME R, A KO F AT ® 5 ER A H R KB EE T3 AL, 244 09518, 0.9362 1 0.900 4,
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[ Abstract] Objective To analyze the composition and influencing factors of hospitalization costs for stroke
patients, providing data support for rational control of medical expenses and alleviating the economic burden on patients.
Methods The data of 66 524 stroke patients discharged from January 1, 2020 to December 31, 2022 were collected from
the medical expense accounting management reporting system of a province in central China. The grey relational analysis
and degree of structural variation analysis were performed to analyze the hospitalization cost composition for stroke and
its subtypes. A Generalized Linear Model (GLM) and an eXtreme Gradient Boosting (XGBoost) model were constructed
to explore the key influencing factors. Results Among 66 524 stroke patients, 85.80%, 10.84%, and 3.36% had ischemic
stroke (IS), intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH), respectively. The M (P,s, Py5) of the
hospitalization cost for stroke patients was 6 992.32 (3 997.76, 13 475.91) CNY. The hospitalization cost for SAH
patients was the highest, reaching 88 389.28 (12 494.50, 151 711.34) CNY. The top three categories of hospitalization
expenses for stroke patients were drug costs, other costs, and treatment costs, with the average proportions of 29.29%,
24.61%, and 19.43%, respectively. The hospitalization costs of IS and ICH patients were mainly attributed to drug costs.
For SAH patients, other costs accounted for the largest proportion of hospitalization expenses. The grey relational
analysis results showed that the top three factors correlated with total hospitalization costs were Western medicine costs,
other costs, and treatment costs, with correlation coefficients of 0.951 8, 0.936 2, and 0.900 4, respectively. The degree of
structural variation analysis showed that the contribution rates of structure variation (CSV) for medication costs,
examination costs, and other costs were 24.34%, 19.50%, and 27.74%. The GLM results indicated that longer hospital
stays (= 7 days), emergency admission, surgery, intensive care, ICH, SAH, and for-profit medical institutions were
associated with higher hospitalization costs. The XGBoost model analysis revealed that the top five factors influencing
hospitalization costs for stroke patients were the type of medical institution, length of stay, whether surgery was
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performed, the level of medical institution, and the subtype of stroke. Conclusions IS is the most common stroke
subtype, and hospitalization costs for stroke patients are primarily driven by drug expenses. SAH patients have higher
hospitalization costs, mainly due to other expenses. By implementing appropriate admission assessments, improving
medical efficiency, shortening hospital stays, and optimizing treatment plans, the economic burden on stroke patients can

be reduced.
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FE R T 26 PE B Y (generalized linear models,
GLM) &5 & Hi PR 46 52 42 T+ (eXtreme Gradient Boost-
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2010874 1511(16.35%) , E4% 31 088 1511 (46.73%) 5 =
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#1(3.05%) ; FT{EHICAE 230 23 026 #1(34.61%)
M2t 1 14 283 #1(21.47%), #2411 2 # 6 873
#1(10.33%), #2173 # 7 464 11 (11.22%) , Hi 2k
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22 MmERAEREEERFRAFL (KD NG
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Table 1 Comparison of hospitalization costs in stroke patients with different characteristics

RHE SM4 £ B B FH/TEIM (Pys, Prs)] ZIH{H PlE

14531 Sk 7330.13(4 167.34, 14 103.77) 580 588 300.000 <0.001
Egid 6 699.98(3 811.01, 12 792.79)

SRS <40 13 112.41(5 040.40, 38 014.55) 1165.035 <0.001
40~49 10 309.75(5 402.86, 23 949.86)
50~59 8 067.12(4 448.37, 17 259.48)
60~69 6 852.42(3 857.46, 13 005.05)
70~79 6339.44(3 675.66, 11 273.44)
>80 7228.97(4 119.80, 13 501.06)

A B 1)/d <7 4270.34(2 113.76, 6 940.95) 18226.610 <0.001
7~14 7194.17(4 717.68, 12 007.17)
15~21 13 642.31(8 453.24, 27 300.00)
222 30 018.76(15 587.04, 77 841.83)

P oF- 87 YN & 6962.26(3 981.23, 13 410.87) 15 541 320.000 <0.001
2 11 415.66(6 471.72, 21 386.74)

B 2 75 fts 7 6 849.37(3 928.03, 12 926.01) 40 737 380.000 <0.001
2 16 904.93(8 463.33, 38 984.59)

REFA i 6 149.63(3 495.23, 10 603.11) 108 272 500.000 <0.001
2 22 486.30(9 841.74, 84 240.12)

S EARE W & 6 861.28(3 933.89, 12 952.01) 42 140 620.000 <0.001
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Table 1 Continued

A S48 {ERE % FI/TG[M (Pys, Prs)] Z/H{H PlE
7 17 402.37(7 639.25, 46 140.04)

i 2 e S 2 IS 6 434.71(3 745.89, 11 255.01) 6376.858 <0.001
ICH 16 433.88(7 337.77, 40 686.35)
SAH 88 389.28(12 494.50, 151 711.34)
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b 6 723.84(4 836.56, 9 893.33)
HEHLH 1956.46(1 360.41, 2 853.77)
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BT AL 253 Bk 16 677.50(9 399.86, 44 618.30) 18 887.070 <0.001
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2020—2022 F=F 35 7 LU AK R 30.42%- 19.48% FHI
19.17%: ICH & A B 2 I 5 LU AT 3 AL AR IR e 2
o CELFE PO 2 i 2 R B2 2 ) L YR T SRR
HoAh 2%, 2> 5N 4 444.26(1 597.57, 12 877.40) .
4 137.50(1 233.52, 10 152.00) F1 1 661.73(405.86,
5255.18) JG> 2020—2022 HF34 15 EAK A 32.92 Yoo
24.34% 1 17.81%; SAH & F Bt % o5 EL Al 3 47
I R R Hofth 2 L 24 o B (BLHE PR 24, mh 24 AT
B2 B ) MV T 9, 23 il D 37 127.43(1 472.48,
64 186.70).15046.29(3 564.35, 29 450.15 )41 8 760.00
(3 191.43, 17 127.25) JG, 2020—2022 4 F 14 /5 b
IR N 49.22 %. 21.56 % F1 13.51%. A [F] 25 74 figg

A B 2020—2022 SEAERE P R RRAE DL LI 1.
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Fig. 1 Composition of hospitalization costs for patients with
different subtypes of stroke from 2020 to 2022
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1.000 0; 2020—2022 4 i 25 H B 35 5] 2 g 25 3% . S
il B AN VR 9T 9 5 A3 BE S B ) O BR B R TR

347, 43518 0.951 8. 0.936 2 1 0.900 4, iX L& 2% H
ST M) G 2R P ER R A T UG 3 R

2 AR B R 2 20 B0 A e A 9 T AR ORI SR B SRR AN HE
Table 2 Correlation coefficients, degrees of association, and rankings between the average hospitalization cost components
and the total hospitalization cost among stroke patients

GES| KRIRSE 7
20204 20214 20224
AT 0.9327 0.8615 0.907 0 0.900 4 3
PEZ 3k 1.000 0 0.903 8 0.9515 0.9518 1
R B 0.828 6 0.753 0 0.805 0 0.795 5 10
T 0.8256 0.7513 0.8010 0.792 6 11
PRAL B 0.8327 0.7570 0.805 5 0.798 4 9
LER 0.8310 0.766 9 0.799 2 0.799 0 8
LORER 0.8552 0.792 6 0.848 0 0.8319 4
FARRE 0.8355 0.763 6 0.807 8 0.802 3 6
155 2% 0.863 0 0.789 4 0.8418 0.8314 5
Pk 0.832 1 0.7579 0.807 4 0.799 1 7
Fofts 0.960 5 0.8825 0.965 7 0.9362 2

25 WAEFEZERTRAEMTHON(RI) 4
¥4 728 By o3 A &8 F o, 2R R E 20202022 4F
{E B 2% F VSV {H B k6 £ 2% . 4b 56 2% F1 3 Ath 9%
IR M AR Bl Ak, AR S 51 2% FH 38 08t e AR Bl s H
o2 ol R B R At 9 FH S5 AR B EROR,
WN—3.54%. 2.83% A1 4.03%. fiti 2~ i 2020—
2022 SEAFFE 3 F 0 S K DSV 1B N 14.54%, 2020—
2021 FEA12021—2022 H: 1 DSV {H 55159 9.07% F
10.92%. i 2% A 58 35 A3 Bt 2% FH 19 CSV {E E A [F]

TEREEVO N A BT ASE, 2505 o KA 2 fs 1 ok
1E 2020—2021 5= X E Be 2 2% 38 K vk i K, 40
TN 38.28%. 21.61% F11 18.04%; 2021—2022 Fi2
P B AN A 9l FH 2 2 3K (43108 29.90% #138.34%)
F 5T AR RN 2020—2022 4 5| )
PE B 2 AR BN ) 3 EE 00 H GG 2 i 2% (24.34%)
for 25 2% (19.50%) A H AR 9% FH (27.74%), CSV fH &
TI% 71.58%.

®3 WA bR R GRS M

Table 3 Degree of structural variation analysis of hospitalization costs for stroke patients

VSVAIH/% CSVAE/%
Fh FH 285
2020—20214F 2021—20224F 2020—20224F 2020—20214F 2021—20224F 2020—20224F

YBIT B 0.74 -0.97 -0.23 8.14 8.91 1.61
753 -3.47 -0.07 -3.54 38.28 0.61 24.34
PRASE B -0.60 -0.16 -0.76 6.58 1.46 5.20
LW 1.64 -3.26 -1.63 18.04 29.90 11.20
L% 1.96 0.88 2.83 21.61 8.01 19.50
FAR%E 0.16 -1.00 -0.83 1.78 9.12 5.74
156 7 0.04 0.36 0.40 0.44 331 2.76
Akt e -0.31 0.04 -0.28 3.47 0.34 1.91
oAt -0.15 4.19 4.03 1.68 38.34 27.74

2.6 fEAEPEFERE AP AEE GLM o4k 4)  EREFRM T & a8 %A 20730 oAb 2%

GLM 73 1 45 R B, AEBE I 18] 27 dv 22 A Bt
F AR HIE WS ICH. SAH FIE I i B2 J7 LAY
Jibi A Fp R AT B B B, W ARG >80 %

J7a R EE B B BT ML F A R T HLA
T 25 S DAT B2 97 AL AN AR A 2 0 H Al 3t 2% 71 i
A 5 AT B B A
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=4 AR B AERE 2R R R GLM 7 #r

Table 4 Generalized linear model (GLM) analysis of factors influencing hospitalization costs in stroke patients

Sk Bl Z AU Vi Sx A PfH
5 ik Pk —0.060 0.006 -9.689 <0.001
WS 40~49 <40 —0.004 0.030 -0.121 0.904
50~59 —0.027 0.027 -1.011 0.312
60~69 -0.039 0.026 -1.491 0.136
70~79 —0.037 0.026 -1.391 0.164
>80 -0.078 0.027 —2.886 0.004
{EBEIS H)/d 7~14 <7 0.515 0.007 71.145 <0.001
15~21 1.028 0.011 93.956 <0.001
=22 1.567 0.013 117.153 <0.001
SEABE & % 0.176 0.032 5471 <0.001
B fes H = E 0.015 0.027 0.539 0.590
FA P i 0.710 0.010 72.246 <0.001
FRE M & % 0.640 0.027 23.677 <0.001
o 2 257 ICH IS 0.217 0.011 19.975 <0.001
SAH 0.922 0.018 51.092 <0.001
ST AT JE REER IR T AR —0.020 0.008 —2.540 0.011
Ed=kd —0.152 0.013 -11.739 <0.001
HoAty —0.042 0.020 -2.112 0.035
YT AL PR R s R -0.339 0.009 -39.193 <0.001
SEEHLH -1.116 0.010 -108.510 <0.001
HoAty —0.741 0.040 -18.344 <0.001
ST WL A B -0.335 0.020 -16.757 <0.001
X% -0.551 0.013 —41.752 <0.001
B —0.758 0.019 —40.512 <0.001
ST AL BT EF EEH) 0.065 0.019 3.377 <0.001
P g1 B —0.121 0.017 ~7.160 <0.001
g2 —0.240 0.019 -12.588 <0.001
g T3 -0.107 0.019 -5.709 <0.001
2 4 -0.161 0.017 —9.443 <0.001

27 WBEYEZAZRE AR R EE XGBoost
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Fig. 2 XGBoost model analysis of the importance scores of factors influencing hospitalization costs in stroke patients
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