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Establishment and verification of early screening model of chronic ob-

structive pulmonary disease based on three machine learning methods
MU Ying-jiao’, WANG Zi-yun, SU Xu, LI Ling, ZHOU Jie, WANG Yi-ying, LIU Tao
‘Key Laboratory of Environmental Pollution and Disease Monitoring, Minisiry of Education, School of Public Health and
Health, Guizhou Medical University Guiyang, Guiyang 561113, China

Abstract: Objective To establish a screening model for patients with chronic obstructive pulmonary disease (COPD). Meth-
ods By using the method of multi—stage stratified random sampling, 4 587 permanent residents = 40 years old in Guizhou
Province were investigated by questionnaire, physical examination, and pulmonary function examination. Variables to be in-
cluded into the model were screened by univariate analysis and then further screened by multivariate Logistic regression. Lo-
gistic regression (LR), random forest (RF) and support vector machine (SVM) were used to construct the screening model of
COPD patients, and the area under the curve (AUC) was used to evaluate the effect of the model. Delong method was used to
test the difference of AUC between models. Results According to the results of multivariate Logistic regression analysis, age,
frequent cough before 14 years old, asthma, daily smoking, cooking fuel and exhaust, and harmful gas exposure were includ-
ed in LR, RF and SVM models. The AUC of the three model training sets were 73.64%, 87.14%, and 73.30%, respectively,
and the AUC of the test set were 76.10%, 70.96%, and 76.08%, respectively, all of which had good screening results. The
results of Delong method showed that the screening effects of the three models were different between the training set and the
test set. Conclusion This study established an economical, rapid, and effective screening model for COPD patients through
six simple variables such as age and asthma.

Keywords: Logistic regression; Random forest; Support vector machine; Chronic obstructive pulmonary disease; Screening
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Figure 1 Inclusion and exclusion of research subjects

=1 FME A COPD AR R 4 (v x5), n(%) ]
Table 1 Comparison of COPD related factors among the population in Guizhou Province [ (x 5), n(%) ]
At 4 COPD 1% (n=4 186) COPD i (n=401) KA (n=4587) W/ B P{H
AR (%) 55.76 +9.42 62.32+9.36 56.33 +9.60 9.523 <0.001
P 40.813 <0.001
b’ 1997(94.73) 111(5.27) 2108
B 2 189(88.30) 290(11.70) 2479
5 1.593 0.207
UK 3131(91.52) 290(8.48) 3421
R 1.055(90.48) 111(9.52) 1166
HERE 0.145 0.862
CH ECE 2028(91.11) 198(8.89) 2226
I | )R 1797(90.99) 178(9.01) 1975
T B L 361(93.52) 25(6.48) 386
7 11.032 0.001
AT 3 632(90.73) 371(9.27) 4003
gl 554(94.86) 30(5.14) 584
s A 0.806 0.446
HLEY 56(90.32) 6(9.68) 62
LIS / R 3719(91.47) 347(8.53) 4066
B o )E 411(89.54) 48(10.46) 459
Bl 2.826 0.093
bigid 2 028(90.50) 213(9.50) 2241
B[ 2 158(91.99) 188(8.01) 2346
BMI(kg/m?) 24.41+3.45 2339 +3.24 2432+3.45 4.029 <0.001
LIPS/
14 5 125 22.482 <0.001
D 4103(91.56) 378(8.44) 4481
= 83(78.30) 23(21.70) 106
14 2 Fir P il 98 s S A A A3 e 3.419 0.065
& 4137(91.34) 392(8.66) 4529
= 49(84.48) 9(15.52) 58
15 ~ 17 % PR S A 2 AR B 11.932 0.001
e 4164(91.36) 394(8.64) 4558
b3 22(75.86) 7(24.14) 29
TR R 39.383 <0.001
& 4104(91.75) 369(8.25) 4 473
b 82(71.93) 32(28.07) 114
YT 11.379 <0.001
En 4166(91.36) 394(8.64) 4560
b 20(74.07) 7(25.93) 27
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STy 4k COPD % (n=4 186) COPD & (n=401) B AHf(n=4 587) PRI PiE
FRE I 11.781 0.001
5 3368(91.90) 297(8.10) 3 665
b 818(88.72) 104(11.28) 922
K
ACHE R Wiy 3.987 0.046
& 3 886(91.33) 369(8.67) 4255
= 300(90.36) 32(9.64) 332
A B COPD 1.987 0.159
& 3 664(91.42) 344(8.58) 4008
s 522(90.16) 57(9.84) 579
AL R PR I 5 0.002 0.961
5 4108(91.33) 390(8.67) 4498
pis 78(87.64) 11(12.36) 89
AR RS S AEY TR 4.983 0.026
7 4145(91.32) 394(8.68) 4539
= 41(85.42) 7(14.58) 48
LIPSTRIN
Z5H Z K 12.431 <0.001
5 3968(91.75) 357(8.25) 4325
& 218(83.21) 44(16.79) 262
R ZIR 11.642 0.001
1 3988(91.76) 358(8.24) 4346
piis 198(82.16) 43(17.84) 241
M1 ik 5.887 0.015
7 4008(91.59) 368(8.41) 4376
= 178(84.36) 33(15.64) 211
el 37 17.787 <0.001
& 3731(92.08) 321(7.92) 4052
2 455(85.05) 80(14.95) 535
R AR NZ R 25.803 <0.001
& 3 847(91.95) 337(8.05) 4184
= 339(84.12) 64(15.88) 403
S RN 33.286 <0.001
7 3.977(92.00) 346(8.00) 4323
= 209(79.17) 55(20.83) 264
A S S PRI X 32.29 <0.001
5 3 838(92.19) 325(7.81) 4163
B2 348(82.08) 76(17.92) 424
IPSESISES
H 0 () 18.942 <0.001
0 2 466(94.19) 152(5.81) 2618
0.1~19.9 835(87.16) 123(12.84) 958
20.0 ~39.9 760(87.56) 108(12.44) 868
=40 125(87.41) 18(12.59) 143
14 25 Fip g R AN 2 A T 1.351 0.245
i 1533(91.74) 138(8.26) 1671
= 2 653(90.98) 263(9.02) 2916
14 2 Je B R A A 16 0.887 0.346
& 1 430(90.91) 143(9.09) 1573
& 2756(91.44) 258(8.56) 3014
el AR 0.268 0.605
1w 2719(91.00) 269(9.00) 2988
= 1467(91.74) 132(8.26) 1599
ERTRRRE S HEX 8.883 <0.001
TR ELHEIR 2 006(93.43) 141(6.57) 2147
TR HEIR 1 420(90.56) 148(9.44) 1568
75 LRt HLAHER 381(86.59) 59(13.41) 440
15 YA HEK 379(87.73) 53(12.27) 432
Wb g 2252 0.134
5 696(23.63) 249(76.37) 2945
= 1 490(90.74) 152(9.26) 1642
BHESRER 20916 <0.001
1w 2989(92.31) 249(7.69) 3238
= 1197(88.73) 152(11.27) 1349
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Table 2 Results of multivariate logistic regression analysis for COPD

A5 i Al ZHRAL B 5t (/Waldy? i P OR 1i(95%CI)
ARES 0.052 0.008 6.881 <0.001 1.053(1.038 ~ 1.069)
5] 5 k’y 0.412 0.308 1.337 0.181 1.510(0.825 ~ 2.764)
Wz T Akt -0.261 0.212 -1.227 0.220 0.771(0.508 ~ 1.169)
BMI -0.029 0.022 -1.304 0.192 0.972(0.930 ~ 1.015)
14 2 T4 5 %MKk = 5 0.881 0.321 2.745 0.006 2.413(1.286 ~ 4.526)
15~ 17 % PRIl R 5
) ) 4 0.757 0.521 1.453 0.146 2.132(0.768 ~ 5.922)
SR RATBE
S M = & 0.975 0.384 2.542 0.011 2.651(1.250 ~ 5.624)
B KE yis 75 0.513 0.674 0.760 0.447 1.670(0.445 ~ 6.264)
R I P 3 0.120 0.168 0.718 0.473 1.128(0.812 ~ 1.567)
AR Ry = & 0.138 0.270 0.512 0.609 1.148(0.677 ~ 1.948)
AL HEH COPD 2 i 0.342 0.478 0.715 0.475 1.407(0.551 ~ 3.593)
AR RSO RE E & 0.433 0.390 1.110 0.267 1.543(0.717 ~ 3.317)
ZH I B & -0.373 0.395 -0.945 0.344 0.689(0.318 ~ 1.493)
L PRIZIH 2= w -0.441 0.366 -1.204 0.229 0.644(0.314 ~ 1.319)
5| NIk = & -0.200 0.240 -0.833 0.405 0.819(0.511 ~ 1.311)
ZH IR 2= & 0.485 0.305 1.589 0.112 1.625(0.893 ~ 2.958)
HLIRIZIR & 7 0.361 0.249 1.452 0.146 1.435(0.881 ~ 2.336)
SR AR Wi . = w5 0.328 0.222 1.477 0.140 1.389(0.898 ~ 2.147)
AT T PRI = w 0.441 0.316 1.395 0.163 1.554(0.837 ~ 2.885)
H AR £ (52 0.1~19.9 0 0.672 0.301 2235 0.025 1.957(1.086 ~ 3.528)
20.0 ~39.9 0.441 0.413 1.069 0.285 1.554(0.692 ~ 3.491)
=40 0.242 0.160 1.519 0.129 1.274(0.932 ~ 1.742)
SRS HEX THIREEAHER WS TERREAEX 0.476 0.224 2.127 0.033 1.609(1.038 ~ 2.495)
V5 YRR HAHEX 0.106 0.221 0.482 0.630 1.112(0.722 ~ 1.715)
V5 YARBEAHE X 0310 0.147 2.115 0.034 1.363(1.023 ~ 1.817)
HHESAMREE & % 0.306 0.147 2.079 0.038 1.358(1.018 ~ 1.812)

2.3 COPD % i A s R 5 ks AR5l %k
££ COPD F & FHE COPD & & A B0 5l hy 323 Fi
3 346 151, MRER NELS3 00 78 Fi1 840 il i ROSE
£, ovun.sample PR Y SR AT b B, KA
COPD [ FH sl /b, B B g i, P15 /5 Il 2h 4
) COPD & & F1E COPD & & 43 %) 4 1 782 Fi
1887 i, LI COPD fE NN &, BT EZNER
logistic FIEZE A AR 14 2 B2 w0 ey A H
W (32 ) A FSRREE SR S HEXL 6 4~
FAE R iR A g AR

Y2k 45 R B IR (RF BRI AY AUC Fc K,
87.14% , Hoyk J2& LR -8 AUC Ny 73.64% , 4 delong
BRE, MEZERASITFE L (7=26954,P<
0.001); FcJm gy SVM #EH8  AUC 4 73.30%, 5 RF #
R, 2R A S22 8 L (2=28.091,P<0.001),
5 LR A, 25 Lg% E L (Z=1.814, P=
0.070). FHH LR BIRUAT SVM BLRIZE AUC PEBE TS i
T Y, RF SRR . L3k 3K 2.

Mk 4R 25 R R IR BEAL ARG AUC K, N

76.10% , Hok & SVM #5581, AUC K 76.08% , % delong
RIS, W 25 7 o4 L (Z=0.026, P=0.980) ;
50 RE B AUC M 70.96%, 5 LR BERUAH 1, 2%
BH G E X (7=-2.925,P=0.003), 5 SVM # #!
L, ZRAGEE L (2=-3.078, P=0.002)., FW
LR RN SVM R RYE AUC MERE )7 T 2 FUA 24 , RF
MR 22 . W3R 3 A 3.

%3 LR.RF.SVM AR (%)
Table 3 The screening effectiveness of LR, RF, and SVM models

(%)

PGS S LR RF SVM

JIIZh4E AUC 73.64 87.14 73.30
(95%CI)  (72.05,75.23) (86.06,88.22) (71.10,74.91)
R 61.73 81.99 64.59
RSk 69.37 70.85 68.42
LB FREL 31.10 52.84 33.01

MR AUC 76.10 70.96 76.08
(95%CI)  (70.69,81.50) (65.61,76.31) (70.58,81.59)
REPE 70.51 65.39 73.08
Ttk 71.31 66.19 69.52
YR IREL 41.82 31.58 42.60
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Figure 2 ROC curves of the training set of three models
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Figure 3 ROC curves of the test set of three models
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AHASE IR HR 2 () A AR AR | O 3 BT 7R 32 R T A LA 0k
(RE

AT delong 32 H 5 = Fh A R 4 57 46 %L
T IRAELE R R LR BRI SVM A AIYE AUC 1
RETT TR R BUAN S, RF AUV e de b o AR 45 2R e om
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Ik SRR AL IRURS: O RECRAIG T SVM. ASBFFE I 2R AR 45
F IR RF KRR T SVM 5 LR, (HAE L4
55F LR 5 SVM, 1] BB/ RF SAIYEYI 25 L AY~4>)
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SRR LA B o2k i B S5, DT
S ST 1] DA S B2 1 DX 300 A i ARG T A 2]
1z P AR B AE SVM AR AUC .
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