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Abstract

BACKGROUND: The incidence of hip fracture patients is increasing day by day. Because of their poor physical condition, these people often need to stay in
hospital for a long time. However, the prolonged length of stay leads to a decrease in bed circulation rate and an increase in economic burden. At present, there
are few prediction models for delayed discharge of hip fractures. This study aims to find the best model for delayed discharge of hip fractures and guide clinical
decision-making.

OBIJECTIVE: To explore the risk factors of prolonged length of stay in patients with hip fractures, establish two different risk prediction models, obtain the best
risk prediction tools, and provide a reference for clinical intervention and management.

PRETREERAMGE A, RET 300202; P REFEHRFHRLANR, KET 300061

E—EE. T4, F, 1997 F4, LALETFARA, Uk, REVYEHRFARMAL, $IF, TEANELETAEROTR.

BIVEE: &k, M, S|P, REPEHRFARTAR, RET 300061; REFRERERAGEFA, RETF 300202
https://orcid.org/0000-0001-8681-0589 ( T 1 )

SIRAST: T2, BokfE, T4, A, i, G MAURHAARRE F Logistic B )2ARR! TR BE-3RE 4 H AR IR I ] 38 4 49 3L
AELbAR [J]. P E AL TAEAFR, 2023, 27(34):5413-5420.

Chinese Journal of Tissue Engineering Research | Vol 27 | No.34 | December 2023 | 5413



@7z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

METHODS: Data from 683 elderly patients with hip fractures in Tianjin Hospital from January 2019 to December 2021 were retrospectively analyzed. All
patients were randomly divided into a modeling group (479 cases) and a verification group (204 cases) according to the ratio of 7:3. The 75" percentile of
length of stay was taken as the cut-off point (> 28 days), and they were divided into extended hospitalization group and normal group. Single-factor and
multifactor Logistic regression analysis and variable importance ranking were used to screen the best prediction model; the nomogram and random forest
models were constructed. The prediction efficiency of the two models was evaluated by the receiver operating characteristic curve area, accuracy, sensitivity,

specificity, positive prediction value and negative prediction value.

RESULTS AND CONCLUSION: (1) Logistic regression analysis showed that bone traction, pneumonia, refolding, multiple trauma, venous thrombosis, lung
infection and age-adjusted Charlson Comorbidity Index were the risk factors of prolonged length of stay of hip fracture patients. (2) The random forest model
showed that age, bone traction, surgical type, age-adjusted Charlson Comorbidity Index and pneumonia were the first five indexes according to the average
reduction of the Gini index, which had an important influence on the prediction of delayed discharge. (3) The area under the receiver operating characteristic
curve, accuracy, sensitivity, specificity, positive prediction value and negative prediction value of the Logistic regression model and random forest prediction
model were 0.774(95%Cl: 0.696-0.853) and 0.708(95%Cl: 0.627-0.789), 60.78% and 90.85%, 80.39% and 23.53%, 50.82% and 78.09%, 86.01% and 46.15%,
respectively. The results exhibited that the Logistic model had good prediction efficiency. (4) Above findings confirm that the Logistics regression model and
random forest model have high predictive value for a prolonged length of stay in patients with hip fractures, which is of great significance for clinical medical
staff to identify high-risk patients in time and take effective intervention measures to reduce the length of stay of patients with hip fractures.
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Figure 1 | Flow chart of group assignment
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Table 2 | Comparison of baseline data between the two groups
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Table 3 | Univariate analysis of prolonged length of stay of hlp fracture patients in model group
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B 725 [n(%)] x?=58432 0 2 12(10.0) 14(3.9)

2 57(47.5) 50(13.9) % 108(90.0) 345(96.1)

& 63(52.5) 309(86.1) 45 [n(%)] x?=0.541 0.462
FHERIE [n(%)] x?=4.952 0.026 2 20(16.7) 50(13.9)

= 82(68.3) 204(56.8) % 100(83.3) 309(86.1)

& 38(31.7) 155(43.2) LA [n(%)] IIE x?=0.463 0.496
L [n(%)] x?=0.529 0.467 2 3(2.5) 16(4.5)

2 78(65.0) 220(61.3) % 117(97.5) 343(95.5)

& 42(35.0) 139(38.7) T4 7% [n(%)] K:IF x°=0.538 0.463

LM [n(%)] x?=0.156 0.693 7= 4(3.3) 6(1.7)

2 95(79.2) 278(77.4) % 116(96.7) 353(98.3)

e 25(20.8) 81(22.6) HE [n(%)] Xx’=7.773 0.005
fidi LA [n(%)] X ?=0.009 0.925 2 18(15.0) 24(6.7)

B 40(33.3) 118(32.9) % 102(85.0) 335(93.3)

% 80(66.7) 241(67.1) 2RI [n(%)] X ?=7.495 0.006
ik 5 BHE [n(%)] x?=0.109 0.742 ) 23(19.2) 35(9.7)

B2 14(11.7) 38(10.6) Fn 97(80.8) 324(90.3)

R 106(88.3) 321(89.4) ACCI [n(%)] X ?=27.792 0
DIIREARS [n(%)] X ?=1.642 0.200 <9 38(31.7) 40(11.1)

2 21(17.5) 46(12.8) =9 82(68.3) 319(88.9)

R 99(82.5) 313(87.2) i3 [n(%)] x?=0.00 0.995
LR [n(%)] x’=1.134 0.287 & 7(5.8) 21(5.8)

B 23(19.2) 54(15.0) FR 113(94.2) 338(94.2)

AR 97(80.8) 305(85.0) BRI RS [n(%))] X ?=10.341 0.001
JE T [n(%)] x?=0.335 0.563 = 68(56.7) 143(39.8)

7 15(12.5) 38(10.6) % 52(43.3) 216(60.2)

R 105(87.5) 321(89.4) WALIE H L [n(%)] X ?=3.082 0.079
PEBELA [n(%)] x?=0.313 0.576 b 7(5.8) 9(2.5)

i 3(2.5) 15(4.2) % 113(94.2) 350(97.5)

AR 117(97.5) 344(95.8) JEFE [n(%)] IIE x?=0.066 0.797
fifi % [n(%)] x’=16.992 0 = 2(1.7) 3(0.8)

2 44(36.7) 66(18.4) % 118(98.3) 356(99.2)

R 76(63.3) 293(81.6) Jili & [n(%)] X ?=14.853 0
B A4 [n(%)] x?=0.172 0.678 7 23(19.2) 25(7.0)

2 9(7.5) 23(6.4) FR 97(80.8) 334(93.0)

7 111(92.5) 336(93.6) WPRIE R [n(%)] X ?=6.000 0.014

7 29(24.2) 52(14.5)
& 91(75.8) 307(85.5)

Pt ACCI NAERSAZ IE Charlson & JfE 45 £
F4 | BEEITBEE R EEKNFINTEZEXLLESHER HERNEZA I R ILE 4. [HI, 24 mtry=5, mtree=500 [} A

Table 4 |

prolonged length of stay of hip fracture patients

Multi-collinearity analysis results of predictive variables of

(SES Fae ] FEWKET  HE B T3 ZE WA R
HHTHEA 0.657 1.522 FEYT 0.977 1.024
FAREH 0.666 1.502 ZRERS 0967 1.034

B8 0.577 1.734 el o A 0.550 1.817

JERAE 0.487 2.052 it Ja e 0.958 1.044

Jiii 45 0.957 1.045 PR G 0.822 1.217

il 0.933 1.072 ACCI 0.657 1.522

SN R 0.974 1.027

FVE: ACCI NERYELIE Charlson & 045 %

R, MR T Je 1R Bk > T (X 34 MR B TR B
TEHERE, SRR, FAET] TSR ACCH A i o e it s i
P LRGeS (8] LA B E AT S AR, WER 7.

2.8 AAFTARARR AL b E R K WA H R L P b
S IR X 5 P8 B SR A I TS R TR R - Logistic Tl
BRI FABRE S B FUIELAR T BE AL AR TR, T 4 1
B ReSREE S BAE TN AN 52 103 A il 28 A s T B AL
AT, L2 8. PRI AL 45045 5 (1 FOU 0 oA 1 12

ntree=500 I, R ZFEAF TFE, BENLARMTITN R Z SHEHIA  {H Logistic ?ﬁ{)ﬂl BT Y BE U - ROC HI 2 ILIE] 5.
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R5 | BRABMENBEERIEEKMNZER Logistic 7HTLER
Table 5 | Multivariate Logistic analysis of prolonged length of stay in hip
fracture patients of the model group

A fIEHERE FRdEiR2E Wald x* P{E OR{H  95% E(5[X[a

(95%CI)
B 1.729 0.268 41559 <0.001 5.634  3.331-9.530
ACCI>874y 1.178 0.298 15564 <0.001 3.247  1.809-5.828
il 1.089 0.374 8469  0.004 2971 1.427-6.184
FUCEYT 1058 0.390 7.375  0.007 2.882  1.342-6.186
i 5. 0.848 0.276 9.415  0.002 2.335  1.358-4.012
Z R 0.669 0.337 3934  0.047 1.953  1.008-3.784
#E 1 0.667 0.288 5366  0.021 1.949  1.108-3.428
wlkike  0.664 0.250 7.061 0.008 1.943  1.19-3.172
R -3.188 0.319 100.009 <0.001 0.041

FRiE: ACCI NAERS K IE Charlson & HiEFa %

76 | BRERE T B AL RTAT BT A HE X E R BRI TR
Table 6 | Sensitivity analysis results of factors related to prolonged length
of stay in patients with hip fractures

h RI&%E) OR & 95% E{5[X ] (95%C) P4
B A 60 5 UL b 5.444 (2.487-11.916) <0.001
FAREH - - -
B BH - - -
ACCI>84r 60 %Ll i 3.518 (1.863-6.645) <0.001
FAREH 5.156 (2.191-12.134) <0.001
BHAR B 9.339 (2.762-31.582) <0.001
i Jak 60 Z L\ 3.298 (1.549-7.022) 0.002
FAREH 2.715 (0.981-7.514) 0.055
BHHA B 0.724 (0.124-4.141) 0.072
HREI 60 % VL L 2.629 (1.185-5.833) 0.017
FAREH 2.928 (1.003-8.546) 0.049
B RH 2.148 (0.524-8.811) 0.288
i 60 %Ll 8 2.416 (1.365-4.276) 0.002
FAREH 2.69 (1.187-6.097) 0.018
BHHA B 3.385 (1.096-10.453) 0.003
ZRMRH 60 HLLEEE 1.818 (0.897-3.682) 0.097
FAREH 2.496 (0.986-6.316) 0.054
R T NEA 3.445 (0.973-12.199) 0.055
i 60 &L 2.475 (1.330-4.608) 0.004
FAREH 4.719 (1.830-12.173) 0.001
ERi ¥ NS 3.563 (1.233-10.299) 0.019
Fpkimke 60 B UL B 2.606 (1.320-5.147) 0.006
FAREH 2.823 (1.071-7.437) 0.036
BiARERE 3.81 (1.100-13.201) 0.035
Lk -7 REEAE, BT TFAREFIERAUFESENRIT TR, AN

ZEE . ACCI AFERS I IE Charlson £ JFEH5 4L

Points
A5
Jifi %

gyl ==

YT
Z R
Ik I
Jii i ek e
ACCl

Total Points
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Risk of nonadherence
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P&l 14 Nomogram FElFf file R 2 FT7A1 -8 B BIHOAME, %704
TEARIN, 553508 L 18 FO000 R 5 8 2 B8 7 S8 4B 3R HA e R 6. Points
NG54y, Total Points 47, Risk of nonadherence JAyi /3% i 4E3R Hfe
RAER; ACCI AAFEISHR IE Charlson A IFEFE4L

2 | FEEN BB Logistics XU Y52k E TR R 2
Figure 2 | Nomogram prediction model of logistic risk of prolonged length
of stay in patients with hip fractures

5418 | DEHERTIEWAR | 582748 | 5345 | 2023F 128

K ¥E: OOB Error A48 4h it 22
i s omy, AR IEL IR

i 3 | TRYFEIEEE THEEY
RIMRER

Figure 3 | Out-of-bag error
rate of the model under
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Figure 4 | Dynamic
relationship between prediction
error of random forest and the
number of random trees
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Table 7 | Variable importance ranking in random forest prediction model
of prolonged length of stay in hip fracture patients

A B fe BRIl || Nt R SOl
LR 22.782 R 3.984
HAEL| 13.328 G AR A I E 3.459
FAREA 9.073 SN R 3.419
ACCl 8.559 TeE LM 3.361
fili % 6.382 DR 3.350
CEiES 6.362 i 25 4 3.160
i 5.903 DINREA S 3.114
i A 5.552 I J 38 RE 2.550
il e 5.188 B R4 2.397
WIRIERK S 4.899 b B 2.330
e L 4.859 HAIE H i 1.652
AR 4.657 VR 1.489
& Hp  4.585 4 % 1.477
BE LRI 4.438 B 0.961
ZRYEQI 4.269 AR 0.890
FHEAT 4.113 IFohBeA 4 0.862
P51 4.008 iR 0.686

Fk: ACCI ARSI IE Charlson & I EFE L
< 8 | PEFPIERHOTN M REEL B
Table 8 | Comparison of prediction performance of two kinds of models

e WERRRE R R FIPET PATETR ROC MLk FHIAR
%) () (%) BME (%) WHE (%) (95%C1)

o

Logistic [ J#5% 75.49 60.78 80.39 50.82 86.01  0.774(0.696-0.853)
BENLZRAEIRY 7402 90.85 23.53 78.09  46.15  0.708(0.627-0.789)
e [&yE: True positive rate Sy B BH %4
« | (K ); False positive rate
g JIBEBATER (1- $5 5L ) AUC Ay
P ROC (i £k R
] < 5 | Logistic ElYAERIFIFEHL 7R
E FRIERIHY ROC BhL:
S ‘m Figure 5 | Receiver operating
o — PEHLARME AUC-0.708 characteristic curves of Logistic

T T T T T T

0 02 04 06 08 1.0 regression model and random

forest model

False positive rate
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2 A R A SCHIRERIH, KB T S BRI BA R4
FEE R U5, AR B TR K R B R AR FH R AR %,
IRBREETT R8BI R A AMRHR T RS, [ B
AERE I )T A8, A2 AR nT DASRAS SE A R, [RIAsysk /i
PREAS, 2838 s ROL LRI L PRIV E 26T 2 Ao v or
TR T I 23H7 fE 0 37 S 2 B B [ K B TR 2

3.2 FRAER #ea R E AT

3.2.1 ERRAIACCH ZBERRIL, SRR BE AR BEA b o
BEENEFRR . EAMIFFRGE, BRI w5 AR
KR IEASE ", FOIL R Bl S I R A 3
HPERE 2 PO R S R IR S R RE I R I, SRR A K
HRAGE, HAZENMEERZOMG S FRNITEH, BRSRE
AR, HIHEEER 2, ACC = 8 MM T B kA
{EBEAEIR AN 3.326 5. ACCI 143 S W F 2 3 A Bt SR
fERERIL. iz R AL, PERF AR S
S IAL3 I 2 ARG B, [E 4123 WONG 25 M B At [A FER WA
HIIA AR A& 8 5 B r B A Be i A K P T fE R N R . e
JRA: REMREHETFEZEMY, FHESHIRE, Fit
SGEK B B R P 22, AKX S H AL TR,
75 BT KPR S R S B AT T e 0 () B B

3.2.2 ZRMGHIFFE  ZRECIGHEEITEE N E bR
(B K R JE 2 RG] 2.043 1%, %R 2 R R 2
GIF LAY, SEM AL, BN RE TR Ml
P B B WA, TR E R, R K ®, sl
R R, ZR M ETEE G AR S, HIERAERIK
M2, BITHEER, REERKPESR RS L. FEirs
W E T R A BN KB YIRS, SYIcETEEL, BEdE
BAE S PRIERE R RO R ER, AL, R
A E AL R 2 P AR R E, EEITI B s
BB T BRSSP B B LT E P i B 22, A TR
FERIERE I LFA 20 5 P SERVEEIEL, FREIT S
IR 7 B B K B ) A T B R T S LR T

323 FAREMMEFES AR, FAREREHHLARMN
FERI A 3 A7 B SRR bR, YOO 25 ™ B 9T ok I — 4 RO 2% 41
BHEBE A JG EF A v LRI BE, G S ATt =
A7 P[] AR B B TH] S 00T B Al L, RELREHE: W
72 B B A W BN A, B B S A Rk i Ag
SR O TR DG B nD S A B o N T T
ARJGAR P T AT, B KRR SR I A . NEWMAN
2 U AR B O B s B AR B AU = UK. Ak, B
KT B e f5 B ] BT R, PR #R Ik A Al
TER A A R, D B BT R A B e P, B AR
SEBEHLAR AR 55 2 o B B HE AR, L Logistic [A] AR
TR & A S| — R TG 2 AR AT R IR T
IEEE T R, AT EAELDBFIEIRZE, THERKEENA,
Oy R IR S I R, PEUERER ALK

3.24 3Tl NISSENHOLTZ 25 %5 B, %% il % 2% 4F 8 3
S O B I TE) A SR 52 e T AT 98 3R B A IR 0017 L 4 8

& AR 21 K KPS 45 B i A SE KT AR e 1k B AT Re T
AR O B e B TR AN AR R i B AR, SEURAT M4
KP4 B B 1] 28 K 0 5 0 A B ke 55 NISSENHOLTZ 25 29
WFFT 25 R —2%, 45 R, A S B E P B iR
R R XU B R I R 2 1.949 1%, Ft HUBE R 18 —J51Hi,
TR ARG FEAT M =S T AR, S s
Wi B R RGE RGN R 48 BY A7, RATSEE ARG
MR FERAXS B, M E T A S =R s, HIFSHUARRT
bR, BRI AIRIEERE D), SEUREMAEDMINE, I YIO
TR i 3 R 8 I R 2 A A i B, LA JiR BRI T PELRS 5
HITEFEMNINREIR T, FEOFRIENR A2 I KA e 1]
3.2.5 SSRGS A KR R B AR ULRE Rk
55, Ffige e it e e 7 1E . 5% Fe 3408, SALARBAKS 2% 1
5T R B 2 B S VR T7 10 2 SR B 9 R (A B i m) 2 L
B P T AR R K 1.6 5. ARHELIRRZE: —J7
IR B P s R, PRSI IIRE N, TEE—P
s ERYATT B 57 T R (BTN TR A, 5 58 I o A Fs I
A TR 2 A, AT 8 T e TR 1 R
3.2.6 BphKIAR AR IR I, T IR R R R B
EIR SRR 2o SNSRIk LA 5 90 s S 1) A48
BB I P Fe LR N R — 7 Ik ke 238 in it 26
W26, Bk i AE S PEI AR 2E, IRIRERIM £ 25 T — B a4t
I A i, RPN B iAs 5 6075 10-14 d (197
T B 53— T AT R AR B TRl A, R Bhi TRl G, S
FH MRS Je e RS, AT 0 i At RS o
3.3 FRMALA! 64 T 2R
3.3.1 WFFRmATE TR B R SR TR,
(Rl Al i 22 B LR PR AN 2[RI 25 Logistic [l HERR TR 2 R IF
ORI FC I R R B LA B U R 58 4 S i, S ] BE R e i B e
IR, BEFERSR G2 Wb I v
Gy, T 5 S RAR, A —E 5 B

BEAMEK AR 08 e F AR IAT T UM b, 45 RER W
IR AR E R E PRI ES, TRETFAREE
JRELTR PR A e T BA RS S R AR . 2 RIS TE 3 A
ANBE IS, WREM TGt nEAR, 78 3 AR
i B VR E FAS R, T AR 22 DR 3R e BT A FH B A5
15 Je B RAUSR L e AP . FRE T E T B i B R B 3
R HELZES, AN THSTEREIREIT R EEN, FE
CEATHE, MR EARERAS), REMEMEETR, mELm,
27 RN ] 5 FAT AT B o PRI T s g |
FREPAZ KA TER T R e YA T BT A = .
3.3.2 BIRILLE AT TR IE AR R M ROC iliZky
KT 0.7, FBR I 1 o0 v afy PE AR e 1 JE— 25208,
Logistic [H] T B[] ROC 28 N TH AN = T B AL AR bR Y, 2R 1)
Logistic [ A5 B4 oo FEVHEA B B PN T 2400, Ui Logistic
(RIS TR AT L AR AR Y PR LE A 3 25 AT RE AR 2 TR A
PETRMAE I, Logistic 15 B RAL T BENL AR MR T, 1A Logistic
TR AR AL IR H e R A5 s i B S5 3 IR S e )¢5, B Logistic [A]
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VAR ARS U ) AR A IR HH B JR R, IR AR IR e SR T
BT T PRI REAR AR T o (9 LB oo 1T 7 R A AT S P TR,
FENLARARAE BT Logistic [FIAREAY, &2, Logistic [A]F A5 A Ly,
WAL AR AR L 0 00 5 350 417 R 3 A SR o RIS P 3 P
Bhr, RHERFE: MRS A S BRI, B
BN SRR EL. 25500 BRI 2 AR R e o AR 1T B ATL AR AR A 7Y
AL GE A B A JT A AR, R AR G A R BT R
RO EAME T, DR R (AL B 4 1) F00 K R

3.4 TR RTIER TAE BT BENLARIAS B BT/ 45
TR, R B AR5 AR, ACCH Rt B EMEFEFR TS Ee
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R4 Bl N G DR B R B AN EE N 532 5 W i Bt T
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TS YR v B R HU R Y00 it o A B 4 S AR e
AL BB
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