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Abstract

BACKGROUND: Prevention of fractures after stroke is very important, and there are currently no models to predict the occurrence of hip fractures after stroke.
OBJECTIVE: To investigate the risk factors leading to hip fracture in stroke patients and to establish a risk prediction model to visualize this risk.

METHODS: A total of 439 stroke patients were selected from the Affiliated Hospital of Xuzhou Medical University from June 2014 to June 2017, including 107
males and 332 females, with a mean age of (71.3849.74) years. They were divided into fracture group (n=35) and non-fracture group (n=404) according to

the presence or absence of hip fracture. Univariate and multivariate analyses were used to determine the risk factors for hip fracture after stroke. The data
were randomly divided into training set (70%) and test set (30%). Nomogram predicting the risk of hip fracture occurrence was created based on the results of
the multifactor analysis, and performance was evaluated using receiver operating characteristic curve, calibration curves, and decision curve analysis. A web
calculator was created to facilitate a more convenient interactive experience for clinicians.

RESULTS AND CONCLUSION: (1) Univariate analysis showed significant differences between the two groups in the number of falls, smoking, hypertension,
glucocorticoids, number of strokes, Mini-Mental State Examination, visual acuity level, National Institute of Health Stroke Scale, Berg Balance Scale, and Stop
Walking When Talking scale scores (P < 0.05). (2) Multivariate analysis showed that number of falls [OR=17.104, 95%CI (3.727-78.489), P=0.000], National
Institute of Health Stroke Scale [OR=1.565, 95%C/(1.193-2.052), P=0.001], Stop Walking When Talking [OR=12.080, 95%C/(2.398-60.851), P=0.003] were
independent risk factors positively associated with new hip fractures. Bone mineral density [OR=0.155, 95%C/(0.044-0.546), P=0.012] and Berg Balance Scale
[OR=0.840, 95%CI(0.739-0.954), P=0.007] were negatively associated with new hip fractures after stroke. (3) The AUC values of nomogram were 0.956 and
0.907 in the training and test sets, respectively, and the calibration curves showed a high agreement between predicted and actual status with an area under
the decision curve of 0.038 and 0.030, respectively. (4) These findings conclude that the number of falls, low bone mineral density, low Berg Balance Scale
score, high National Institute of Health Stroke Scale score, and positive Stop Walking When Talking are risk factors for hip fracture after stroke. Based on this, a
nomogram with high accuracy was developed and a web calculator (https://stroke.shinyapps.io/DynNomapp/) was created.
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Figure 1 | Hip fracture CT
image of stroke patient
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Figure 2 | Heatmap of the correlation between variables in the dataset
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Table 1 | Univariate analysis of hip fracture after stroke

3 HATAL (n=35) AR (n=404) SrilfE P14
5 /4 (n) 6/29 101/303 x?=1.079  0.299
RIS (xts, %) 68.69+10.39  71.61+9.66 t=1.711 0.088
RS SL (xes, kg/m?)  23.75%2.42 23.4443.57 t=-0.700  0.487
PRABIREL (xts, 1K) 1.17¢0.71 0.61#0.52 t=-5.986  0.000
WEAE s (B /6, n)  23/12 318/86 x?=3.139 0.076
RS (4 /T, n) 24/11 338/66 x’=5.072 0.024
FERW (B /S, n) 20/15 283/121 x?=2509 0.113
mlE (7 /7, n) 13/22 226/178 x7?=4,589 0.032
W MR (7 /6, n) 20/15 300/104 x’=4.775 0.029
B TAE (xts) -1.650.81 -1.16%0.55 t=3.485 0.001
i B HR AL (s, V) 1.31+0.47 1.12+0.34 t=-2.433  0.020
R AT (xts) 3.74£0.89 3.75£0.78 t=0.087 0.931
MMSE(X+s, 43 ) 21.20+3.96 22.26+3.86 t=1.547 0.122
WA (IEH /5245, n) 19/16 322/82 x?=12.000 0.000
BBS(Xts, 4 ) 37.60+6.07 43.25+4.62 t=5.369 0.000
NIHSS(X+s, 43) 8.60%3.76 5.93+2.52 t=-4.118  0.000
SWWT( BH¥E / BT, n) 19/16 343/61 x?=20.873 0.000
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Table 2 | Multivariate analysis of hip fracture after stroke

A P{H OR 1Y 95%CI {8
PRABI L 0.000 17.104 3.727-78.489
BT 0.012 0.155 0.044-0.546
Berg “JAffif 3% 0.007 0.840 0.739-0.954
S E N PAF T b A R 0.001 1.565 1.193-2.052
2SR INHE 1E A5 7R 0.003 12.080 2.398-60.851
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Figure 3 | Nomogram of prediction of risk factors for hip fracture in
elderly stroke patients
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Figure 4 | Web calculator
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Figure 5 | Receiver operating characteristic curve, calibration curve, and
decision curve of training set
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B T (R S A B TR 36, i A v R R AR A A ) IR
FETEH NEER 2 45 " FIF NIHSS JEA5 ix 26 v B 4 T g
AT ) e B AR, F b o e 3R G A e e R R

FZZ T e o 3 AR A . NIHSS & —FiE T SE B3, Bt
JZ N S SR PR S “. SCHMID %5 M Btk
BH, 2 e R T 2 3 B kAR AU, L AR
Hp T R AR I DR S e Rl i NIHSS 5 Sl &, w5 fE
PR IR SN TN e (1
3.5 EEAMER AR E RN SRR ) RIS R R
P47 B S R AR AR A 5% . SWWT 5 Hidth B 8 PEA% — A8
Tt “. LUNDIN-OLSSON 2% “9 B 5% &% 7, ik 26 oy i 5 3
LW AT S5 ISR SWWT FH A TINME My 83%(10/12), 5tk
i1 (95%, 35/37), {HEURME: TS (48%, 10/21). XEATFH
B VPAl I JE A SR LU ROD SR R BRI, s
KEEANZ R HTIMA T FHFEE, BT WA S
BT S 2 [ A O R A 0, 3R IR B3 BN s 4
Bfe 1. BLRBEFUR I, SWWT PH M 8 o 2 v 5 R A= S
BT 109 JRU: EL B 1 e v 12.08 £ [95%C1(2.398-60.851)] .

PR AR S SO T B EL R A R 2R, DR Ak kAR
DRSS ()PP 7 s g A7 i 4 o R 3 1R TR A T o S IR
FURSE AL BT AL 1 L ) T SR ) e R R 2R AT AR R B
A B EOD AR AR AR RS, G BT R St A LR
TP i, LA SO A A 0 T AR A5 KU
3.6 FRREGHHE RE EH LA REYE: O — TR
HODEFTS, WANRIEE GRS 2 @R 1325k
I PR P SRAIE o B AL DA AR s OBRAE G T i 46
H i R AR S T IR AT T A b YRR T A F B 2k LR
T MR EE, LR B (E5E. S EMESRI T
ORI — KR, 7R A s QIR ) 5 A
R 5045, HMMEIREE, B 7 EEas i, 1Rk
W e

B2, WU SN IR IAIE T HI LR TSR, Syl A<
o R B E ST TR T — R R RER TR, A
By e AR i 2 m 255 TR B 4T XU B TS - AR SR I
FoR S ARSI N G QAR RER BT AN R KL
HHC (1) B8 KRR AR SR AT IAIE, 8 5 22 o 25 o 25 3 1T DU B
AR A E 5 O R ) AR VA 52 25, DA iy LR
fE .

{EE TRk AW . ALEHATRISX I, R LA AT B —h  AHE,

KIS HALE . RS, FRPKEAMAT. DB, RAE, BT,
ALTE T,

FIEHZE: LEHMEHL B Y, EREFAALFRE TP R
R B R,

FFRHORENERR: 2 — BT AORRIE, ARdE (Jeirdk ZAT 0
“E 4 - B ALHAL R - AR 7 K F 407 Fodk, BT AGHEAT,
AR R LA B 49 R TR LA B, AERY K, R AFE
TR P AL, TR #N. Ak, 379, k. RAEEZIK, 4
2R, AR ASIE R LT AT AR A IR,

BRAREELE: X AT AR B B A F T UM i,

HARHSE: AR ST (UL IE KRR AT IR & 45 ) (STROBE
fh). XEEMAT LT E LRI G LKA NALITIREE. L
FRPNFUTIN T ERNEFINT, FUTIPFBUAA L EHSHFILAETE.
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