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Predictive value of routine testing data mining for acute ischemic stroke

complicated with stroke-associated pneumonia

ZENG Rui-huang » CHEN Zhi-xi» WANG Xiao-lin, QIN Chang-hong (Department o f Labora-
tory Medicine , Xuyong Hospital of Chinese Medicine, Xuyong 646400, China)

[Abstract] Objective Through mining and analyzing the routine test data to develop its residual value and provide
auxiliary predictive value for acute ischemic stroke (AIS) complicated with stroke-associated pneumonia (SAP).
Methods AIS patients admitted to a hospital from June 2019 to June 2021 were retrospectively analyzed, divided in-
to SAP group and non-SAP group according to whether they were complicated with SAP, and subdivided into trai-
ning set and testing set at a ratio of 7:3. AIS patients admitted to hospital from July 2021 to June 2022 were collected
as the validation set. SAP-related test parameters were screened by the least absolute shrinkage and selection opera-
tor (LASSO). Nomogram model of the combined prediction was constructed and validated with training set, testing

set and verification set. Discrimination and calibration of prediction model were assessed by receiver operating chara-
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cteristic (ROC) curve and calibration curve respectively, clinical practicability was assessed by decision curve analy-
sis (DCA). Nomograph model was arranged into a web calculator to improve the clinical practical value. Results A
total of 379 patients with AIS were taken as the basic population of the study, including 42 cases (incidence
11.08%) in SAP group. According to the 7:3 distribution method, 265 cases were divided in training set and 114 in
testing set. 157 cases of AIS admitted from July 2021 to June 2022 were used as validation set, including 24 cases
(incidence 15.29%) in SAP group. Five test parameters related to SAP were screened out by LASSO, namely neu-
trophil, lymphocyte, prealbumin, fibrinogen, and D-dimer. The calibration curve showed good calibration that the
predicted probability of training set and testing set was consistent with the actual probability. DCA curve showed
that the high risk threshold of training set was 0 — 0. 75 and the net benefit was 0 — 0. 11. The high risk threshold of
testing set was 0 — 0. 65, the net benefit was 0 — 0. 11, with good clinical practicability. ROC curve showed that area
under curve (AUC) predicted by full data set was 0. 924, the sensitivity and specificity were 83.33% and 87.24 %
respectively. AUC predicted by training set was 0. 922, the sensitivity and specificity were 79.31%, and 91. 95%
respectively. AUC predicted by testing sets was 0. 919, sensitivity and specificity were 84. 62% and 86. 14% re-
spectively, all of which had good discrimination performance. AUC predict by validation set was 0. 850, sensitivity
and specificity were 66. 67% and 89. 47 % respectively. The model has good external applicability. The web calcula-
tor was arranged at https://ww-rstudiomn. shinyapps. io/SAP-nomgram/, which can be accessed via QR code.

Test showed that the performance was stable. Conclusion The mining of routine test data provides a clinical value

for the prediction of AIS complicated with SAP, thus provides a basis for early treatment and intervention.

[Key words| data mining; stroke-associated pneumonia; acute ischemic stroke; nomogram; prediction
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PEAG AR LAY X 2 B . 38 5 i PR R 3l £k (decision
curve analysis, DCA) J| By 455 7Y (1) ¥ 4R 5 o TFAiki 455 751
F8 ek PR 552 FH A

1.2.4 WEMNRIHHE B EAEEILE LM
T B ZRIE A6 B 3 shinyapps. io B T _F, I K
A 3 a7 [ RH R Y Bk B E 2 R A L PR ()

FHAZ T B8 A5 2R A7 RURS: T, 4t e o DR 52 I

1.3 %it$ s WA SPSS 19.0 fl R # A it
A 4,2, 1(https://www. r. project. org) #4711 47
Mo THECSRLR B ECRTE 43 B [n(20) J367R 4110
HOBER I 77 K. HHVE M 2 I 5 501 19 4
TFTELHC: Bl 2 o ) 2 AL B SR ¢ B
Ko AFFG IR A 9 B R A A2 8 o 2352 50
[M(Pss, Prs) 13678, 4HA] H 3R ] Mann-Whitney
U k8. LASSO §ifi g6 280l - glmnet "84 4, 51l
LR PRI 0 s BRCPE AL A T il 2 o D
“riskRegression” 8 {442, DCA £ i f# F§ “rmda” %&
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Table 1 Basic conditions of studied population

i H SAP 4 (n = 42) 4 SAP 4 (n=337) t/Z/ P
BB 23(54.76) 198(58. 75) 0.245 0. 621
AR (%) 67.55+9. 08 65.99%9. 43 1.012 0.312
TR I L] € 26D ] 31(73.81) 263(78. 04) 0.384 0.535
bR 2 L (%) ] 11(26. 19) 71(21.07) 0.578 0. 447
WBC( X 10°/L) 10. 44 £ 4,34 7.42+2.52 4,417 <0. 001
NEU( X 10°/L) 8.57 £4.09 5.22+2. 40 5. 190 <0.001
LYM( X 10?/L) 1.13£0.50 1.58 £0. 64 4,387 <0. 001
Hb(g/L) 126. 14 % 20. 44 134,69 % 17. 86 2.878 0. 004
RDW-CV (%) 13.35(12.90,14. 03) 13.10(12. 60,13. 70) 2.121 0.034
PLT(X10°/L) 232.69 £ 78. 34 225.14 £ 69. 93 0. 651 0.516
ALT(U/L) 14.00(10. 75,22, 25) 17.00(13. 00,24. 00) 1.412 0.158
AST(U/L) 20. 00(16. 00,26. 25) 20. 00(17. 00,24. 00) 0. 059 0. 953
y-GGT(U/L) 23.00(16.75,35. 25) 28.00(20. 00,44. 00) 1,422 0.155
Alb(g/L) 37.29 % 3. 80 40. 05 3. 90 4.333 <0. 001
PA(mg/L) 185. 17 £70. 19 241.50 £59. 54 5.663 <0. 001
Ur(mmol/L) 6.76+2.45 5.82+1.89 2.932 0. 004
Cr(pmol/L) 87. 45+ 40. 27 78.11+25.29 1.467 0. 149
UA (pmol/L) 315. 10 £ 102. 70 324.55 £ 100. 76 0.573 0.567
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%% 1 (Table 1, Continued)
bi H SAP 4 (n=42) Ik SAP 4H (n=337) t/Z/X2 P

Glu(mmol/L) 5.40(4.67,7.19) 5.30(4.74,6.05) 0.555 0.579
TG (mmol/L) 0.93(0.69,1.29) 1.39(0.98,2.13) 4. 023 <20. 001
TC(mmol/L) 4.19+0.95 4.57+1.08 2.213 0.028
HDL-C(mmol/L) 1.28 £0. 38 1.19£0. 30 1.393 0. 098
LDL-C(mmol/L) 2.42+0.75 2.67%0.81 1. 907 0.057
ApoAl(g/L) 1.30£0.32 1.39£0.25 2.188 0. 029
ApoB(g/L) 0.82%0.25 0.90%0. 26 1. 894 0. 059
Lp(a) (mg/L) 184.00(122.75,307. 25) 145. 00(83. 00,253, 50) 2. 149 0.032
H(‘y(ltmol//L) 16.00(12. 00,20. 00) 15.00(12.00,21.00) 0. 150 0. 881
Fib(g/L) 4,71%1.45 3.42£0.89 5.619 <<0. 001
D-Z H{k (pg/ml) 0.94(0. 48,1. 46) 0.36¢0. 26,0. 55) 5.968 <0. 001

2.2 RARBIEABA S M 2019 6 6 2021 AEVEHr SIS T 00 DRt WL

AE 6 A ISR Y 379 15 2k Bk i 1R i AR s 1 L 723
YBT3 o ISR & 265 )L 4R IR (66. 07 £9. 30)
% AR 114 6] 4R 1% (66. 38 £ 9. 64) &7 s 2 I &
AR M L I He e S L OBE R s s L NEUL LYM,
PA Fib . D-Z AR I KR 8L, 22 5% ¥ o e 3t
FRN () P>0.05), WFE 2, ¥ 2021 47 A—
2022 4 6 H YA I 157 91 2ok sk o 1 1 2= v s 1)
VEN B UESE o SAP 24 fi], K FE N 15.29%,

T2 YIRS AR I PR AR A L) (Vo) ]
Table 2 Comparison of clinical data in training set and tes-

ting set(No. of cases[ % )

eIl <3”f§i> <2H“:ﬁ$ﬁ> v r

ER A 148(55.85) 73(64.04)  2.197  0.138
55 0L 5 5 211(79.62) 83(72.81)  2.128  0.145
Tl PR s 59(22.26) 23(20.18)  0.205  0.651
NEU>6. 67 X 62(23.40) 29(25.44)  0.182  0.669
107 /L

LYM>1. 31X 160(60.38)  64(56.14)  0.592 0. 442
10°/L

PA>171 mg/L 225(84.91) 98(85.96) 0.071 0. 790

Fib>3.68 g/L 79(29.81) 42(36.84) 1.813 0.178
- R K >0.51 71(26.79) 36(31.58)  0.901  0.342
pg/mL
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Figure 1 [.ASSO compressing parameters
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Table 3 Optimal cut-off values of test parameters

I H AR R o A AR T
NEU 0.452 9 6. 67
LYM 0.370 1 1.31
PA 0.476 5 171. 00
Fib 0.509 9 3.68
D- %1k 0.441 4 0.51

2.4 BEAGEIE TP IRBCE R IS A
T 3 X 4 O R AR 43 T TN R A A L i
ARIEAT P 56 G A Y 50 IR AR B AT A I TR T
DA B G 0 A R i o A 1 M R e . XA AT
A5 BN A BYE 4 il 2 T I X (Area Under Curve,
AUC) = 0. 924, R E XN 83. 3%, R E N
87.24% WK 3, YZkdE AUC=0.922, REE K
79.31% S PE N 91.95%, WK 4, R4 AUC
=0.919, R R 84, 62% K F PN 86. 14 %, W,
5. Z5RFRWIBIA B R AF 0 B0 AL RE . 4 A
AR AR 5 AR IR 28 AUC 54 F T
S A BT L (P<<0.05), W% 4, KE)E
PEAL 7R YN 254 H Hosmer-Lemeshow £ 55 U &
Ji 2R G HE X (7 =6.565,P =0.476) , K ifE
ity £ S 7R SN ARE 30 R S B A R A RAF I — Bk
iR 4 H: Hosmer-Lemeshow # 8l & 10 22 7 6
Gt L (7 =7.015, P =0.319) , 4 1fiE fh 4% R
U ARE 2 S B A R A — B0 WL IR 6. I R S5 M
PEAG R U248 DCA 45 53 7 m KUK 15 {72 0~
0. 7553825 0 0~0. 11, 048 5 XU B9 (A6 0~
0.65. 43K 0 0~0. 11, WK 7 . ¥ B4 B IF ik

PRSI S A0 50 UE SR F 36 1F 4 . L AUC = 0. 850,
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Figure 3 ROC curve of full data set
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Figure 5 ROC curve of testing set
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Table 4 Comparison of prediction performance

HE S
NEU 0.756 68.97 82. 20 3.88 0.38 32.30 95. 60 <0.000 1%
LYM 0. 645 65.52 63.56 1. 80 0.54 18. 10 93.70 0.002 2+
PA 0. 744 58. 62 90. 25 6.01 0.45 42,50 94. 70 <0.000 1%
Fib 0.729 79. 31 66.53 2.37 0.31 22,50 96. 30 <0.000 1*
D%k 0.725 75. 86 69.07 2.45 0.35 23.20 95. 90 <20.000 1%
10 A T 0 A A 0.922 79.31 91.95 9.85 0.23 54. 80 97.30 <<0. 000 1

T« FRon 5 RV BOR SR 16 OB BLAR L . 22 BT B it 2 8 L (P<C0. 05),

1000 e aAuc ~1007 kg Auc
s 75 92.2[87.7,96.7] S 75 91.7[85.4,98.0]
I% 50 % 50
=25 =25
g e
0 25 50 75 100 0 25 50 75 100
TN B 3 (%) THOHE % (%)
B 6 I 5 £ T i 4 A o il 4R
Figure 6 Calibration curve of training set and testing set
0.12 — WGk oS ER oAl
0.10 100 B e
& 0.08 o
=0.06 %0
£0.04 8OF [
0.02 — 0k
0= - S 60F
1S3 -
L L I L | ~ I AUC=0.850
0 02 04 06 08 10 5 ol |
® 40H
0.12 — WRE 30F
0.10 = g
5@ 0.08 204
=0.06 10 B
£ 0.04 :
0.02 0 by e | § I P § s § e
0 T T 0 10 20 30 40 50 60 70 80 90 10
0 02 04 06 08 10 145512 (%)
12 UK [ N
o RS B8 uiF&% ROC fhk
B 7 MM E DCA fi £k Figure 8 ROC curve of validation set

Figure 7 DCA curve of training set and testing set
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Figure 9 Training set of combined prediction nomogram model
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BU S5 BRI AR SO 5 O E R 5
ZHp JNEULYM Fib D~ B & 2 BEHLA i % 5E
KA PE R GUIRAS  FFR 45 R WR SAP 4+ NEU,
Fib . D- B {A& ¥ & T3F SAP 4. LYM f T3F SAP
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