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[Abstract] Purpose/Significance To integrate chest X-ray images and clinical data to
construct an integrated screening model for chronic obstructive pulmonary disease
(COPD), and provide a supplementary tool for patients unable to cooperate with
pulmonary function test (PFT). Method/Process A total of 15,414 patients who underwent
chest X-ray examination at Guangdong Provincial People's Hospital from September 2020
to December 2024 were enrolled, and randomly divided into a training set (8,892 cases,
57.7%), a validation set (1,134 cases, 7.3%) and a test set (5,388 cases, 35.0%) for model
construction. The model performance was evaluated by indicators including the area under
the curve (AUC), with supplementary analyses performed via calibration curve, decision
curve analysis (DCA) and SHapley Additive exPlanations (SHAP). Result/Conclusion In
the test set, the model achieved an AUC of 0.922, a sensitivity of 0.979 and a specificity of
0.823, with favorable calibration and clinical benefit. SHAP analysis identified
comorbidity combination, age and hypertension as key features, among which "pulmonary
infection plus hypertension" had the strongest predictive efficiency (OR=19.42, 95%CI:
5.04-74.87, P=0.006). This integrated model can complete COPD screening without
relying on PFT, and is expected to provide a supplementary approach for patients unable
to cooperate with PFT.
[Keywords] Chronic Obstructive Pulmonary Disease; Screening; Machine Learning;
Deep Learning; Integrated Model

WEE®E S BREBY (1999—) , &=, TEEMIEIIRE, FEMRITE: WiTRS BASOHEETEE. REE,
E-mail: lianghuiying@gdph.org.cn




http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202604.00086
BETRENA CRAFRATIFS D VEEINAE ZSCR I RE, biomedRxivilAT K AMRAER o AT ARG ARVFA ST EALH

JICOPD & —fi Nl (H Al B al iR YR IEIERIE RO, a8l ~ Fi2i
zgiij:?ﬁ%%ﬁiéﬁiiﬂfﬁﬁ“Eﬁ%%fﬁﬁ%ﬁ@?éﬁ%, PR A A 07 2 o S RURT B iR A1 P A A
Hei. I (pumonary function test, PFT) 1/ G
I -/ 1 2R e 0 A TR = O R B T A N R R
F R K] S5t DR T S AR BRR LexX
RS

2 MRS E
2.1 %

HEE 2020 £ 9 A £ 2024 F 12 BET RA NREBREH#HITHEE X LR ER
15414 B EENHFTIT SR o (KIE 18R ZEM I EW 2 BB FER) . COPD
HZ W E R X RESKFE S — A ARG A hE & HE (
FEV/FVC) <0.718 o )\ H TR FULEM R S A05HE , SHA il > 30%H
RTINS, BRG] < 30%0EE B £ EfEENEAITIE, TERRERIL
Fe 1o gIAFRE: (1) BEEMEREEHEMERNEERE X %A, (2) BF5%
BHZWNCE - HEbstnE: (1) mEMEGHESERGREZ:; (2) 2ENcEA
T o AMAELEBISIT AEARERCEZASHEM (55
KY2024-1206-01)

10.12201/bmr.202604.00086V1

* 1 ZEHRE IS

TE BRKH] (%) TE BRG] (%)
L RN 4.20 Glu 0.99
W HRAR D, 71.59 (CMHER) PT 0.99
I 3.31 AST 0.99
R 3.31 APTT 0.99
i 2 A 3.31 T 0.99
Fii 5% 3.31 RDW-SD 0.99

e 3.31 MCH 0.99



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202604.00086
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202604.00086V1

1 BRRKIFRIIT

& AR (%) & & E (%)

fititE1% 3.31 WBC 0.99
il 3.31 CK 0.99
LDH 0.99 EOS% 0.99
FIB 0.99 FT4 0.99
LY% 0.99

J¥: LDH=FWRHEE, FIB=IMXAHEHR, Y%=IHKEMEE S, Glu=f%E,
PT=#EIMERIRAT A, AST="K[14RARAELELEE, APTT=IELHE0 5B IE I H
TT=4EMEFRS ], RDW-SD=4T4H8 511 58 B ARz, MCH="F34 NI EH S &,
WBC=H4i1%1, EOS%=FEIRMERN M E 7 tt, FT4=JFE FAIRIRE -

2.2 BRTUGLH
MBS X 2 RHAT E B # ~ MR ~ ROMEISG BRI —iRE, E5
R AN KB T — 0 z 08O T b B R B AT GRS ©
R EE B e B U AL A BB RIS B B, BiZ2W R $EE 26 Pk
PRSEAR, RO EFERISIE RGN —orm &, fEER b FEMiE—R3t
A B B BIRRA, 1ERESESERREN FTIIASI S5 5 o FHERER
MW RS BT BE BIETREH 58 K& 80 ML, it
Pearson fHx #2454 (|r]>0.95) SIbRmEEILRFHAE, HARE 56 M558 H
FHE S AR F TR AL )11 45 o
2.3 dEk
B R ALY 9 A% 5% (8892 fl, 57.7%) ~ %WiF%#E (1134 4,
7.3%) A (5388, 35.0%) , & HIH TEEINLG ~ BSEA &L
VEREVTAS, BERRERER R TrHEREAS /8 COPD BEHIEN
RN o FINEEREER R AR, R IR B 2R 58 % & R0 EL
Kt REEH AR (synthetic minority over-sampling technique, SMOTE) SEF]
NZREEZR A AL o T BOREM RN Btor— it T BebL oy, H3uiEse 5
MRS SRR RF RG0S e e phar, B AE RNE T MAEH#TEMN, LA
I R
2.4 FEAIN IR S0 E
AwFF MR T —4 AT copD i I
BB RSB X LA~ NOSASIE ~ SERERERZWER, FH
% JZRBGHLFN EfficientNetBO 73 A& BUFEAE 5 B FHE o SR I HRAE A5 S
ASENESE ST, Gl s S R D RIS AR S 21| TE S8 S5 (A U 3SR AR —2X
P o BIARHEIENMECRS TS, @ IEACLTSORN L R S RS R R . 2%
JABCSPSIEIN o Favdrt bR ORI B IR E A s, A bR SR B4R
METFAEF 22 ) BAINE, T4 & TN E MR SRR E S B i& R A TRk
%ﬁ%{ﬂj o BB F AT BEX B PIEATRC T “PHEREAR" HIEAE M Bt —
A aiVil B
BB BT AO2ERHE ~ SR ERIMASWER, EABERAL
(Gradient Boosting Machines, GBM) RIS b —RBrBAN € FEAH#AT IR
FIF], FOTEEXFR “NHEEAR" MIANE =B -
BB IWHE M ERVRARIRE, SR SR AR, A KT
(K-Nearest Neighbors, KNN) #AGE G805 AT MEAR], DI RHED
PR, TR R IR IR AR S o
HEEVERNZEMRBAMEEE, KES - BREESEM ~ Wik (ZES
+GBM) BAGHFTIER, MR ETEZIAE TIEREZ (Receiver
operating characteristic curve, ROC) FHEFH (area under the
curve, AUC) -~ {EWZE -~ PEIEIRER - REUE ~ FERE LA EF8E o R R0
LR PP BT TIIE S 55 SE PR iR & AR ) — B, HRAR &4 (decision
curve analysis, DCA) P AYImPRIREE o BLAh, (8 YDA D0 PR
(Shapley additive explanations, SHAP) X = B4 s A 31T REAE 5 B0 49



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202604.00086
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

#T, @?ﬁﬁ%’%@ﬁ RERITON S R BTk P FF A BT PyTorch fEZR (RS
2.9.1) SEI -
2.5 it %o

RS R, RAESSAOUE REZ (MeanxSD) i, 4HiEH
PRt IEESSMAILAF AL (U5 ArEAEE) [M(P25,P75) 140, 4HIH]
FLE#E F Mann-Whitney U f5 o 5 R &M AME (Hoth) ik, FRFH
358 Fisher BEYIER L WA ZE R o B o8 (F H Python (hUA 3.13)
7 SciPy H5EAL °

3R
3.1 AR SR FE L RHE

AR LGN 15414 FITFR NS, HF COPD £#& 107 5l (0.7%) ., B
7700 5l (49.9%) , i 7714 %] (50.1%) , FH4ERB 60% (51, 68) -4
B~ MR S RS - I E >~ AR S DT EE > R~ B~ FiSZ -
FIB ~ Cl ~ APTT ~ TT ~ RDW-SD ~ EOS%#/ FT4 79k COPD 5 COPD H# A% 7
HESIT%E L (P<0.05) , EfKLFE2 -

10.12201/bmr.202604.00086V1



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202604.00086
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202604.00086V1

7 2 PR R AR

FLIRFIE JER i COPD COPD P
e 15414 14797 107
E (F) 60 (51,68) 60 (51,67) 71 (66,75) fo.oo
Ml % 7714 (50.1%) 7414 (50.1%) 18 (16.8%) fo.oo
BMI (kg/m?)  23.2 (21.0,25.8) )23-2 (21.0, 25.8 559 (20.9.25.8) 0.409
IEIRIR S 0.001
et 733 (4.8%) 732 (5.0%) 1 (0.9%)
L1 12975 (84.2%) 12886 (87.1%) 89 (85.2%)
%j@ﬁf) (B~ 1706 (11.1%) 1179 (8.0%) 17 (15.9%)
PSR 5B
s 3409 (22.9%) 3361 (22.7%) 48 (44.9%) fo.oo
R 1569 (10.5%) 1560 (10.5%) 9 (8.4%) 0.577
e 502 (3.4%) 489 (3.3%) 13 (12.2%) fo.oo
fifi % 133 (0.9%) 128 (0.9%) 5 (4.7%) 0.003
s 72 (0.5%) 68 (0.5%) 4 (3.7%) 0.002
Bl 76 (0.5%) 71 (0.5%) 5 (4.7%) fo.oo
[ 182 (1.2%) 179 (1.2%) 3 (2.8%) 0.143
LIS ERE |
LDH (Ui, 1850 (157.0237 1850 (157.0,237 1818 (153.126. g 0
0) 4) 5)
FIB (g/L) 3.4 (2.9,4.0) 3.4 (2.9.4.0) 3.78 (3.3,4.5) fo.oo
LY% 20.0 (10.0,20.0) 20.0 (10.0,20.0) 20.0 (10.0,20.0)  0.260
L>G'“ (mmol/ 55 (496.5) 5.6 (4.9,6.5) 5.6 (5.0,6.5) 0.533
PT (s) 13.7 (13.1,145) 13.7 (13.1,14.5) 13.6 (13.0,14.6) 0.867
AST (U/L) 235 (18.0.34.7) 23.5 (18.3,34.9) 24.0 (19.0,29.7)  0.792
APTT (s) 37.3 (34.8,40.4) 373 (34.840.4) 38.6 (35.4,43.2) 0.002
T (s) 17.0 (16.3,17.8) )17'0 (16.3, 178 175 (16.9,18.4) fo.oo
) RDW-SD (1 431 (40.945.8) 43.1 (40.9,45.8) 44.9 (42.6,48.7) fo.oo
MCH (pg) 3300 (325.0,335 3300 (325.0,335 329.2 (322.0,334 ;3
.0) .0) .5)
9
/L;NBC (X10° g7 (7.110.6) 8.7 (7.1,10.6) 8.4 (7.0,10.4) 0.266
EOS% 2.0 (1.0.2.0) 2.0 (1.0,2.0) 2.0 (1.0,3.0) fo.oo
L>FT4 (pmol/ 175 (10.7.12.4) 11.5 (10.7,12.4) 12.0 (11.2,13.5) fo.oo

3.2 B{EIAE

LLAUC Jubris, R S ERIERE SRR S B &L EHE - Bl{E
HMERIHE: 1KH(E 0.1-0.4, WmHI{E 0.6-0.9, &K 0.05 ° & LM BRI LG
. RASMBOZE AL, B—MBOR &R8BIEHE, B MBI R M BUR L
B{E YA _EARSEINIL o IAHIE T REEA S —I BURILB{EA S 0.15 H



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202604.00086
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202604.00086V1

0.85, H Bt LEEAE70.4710.75 -

3.3 AL ER
F IR T B2 ESEA ~ PR B8 BB AR = [ Br SR Rl AR A At R L
HITERETERR, B 1 B T = EEA A ROC B 2 FIIRIEHEME - H AUC 77 0.922 ~
SEHEHERE R N 0.901 ~ B 0.823 @Zﬁﬁiﬁﬁ%’é&ﬁ 0.803, HHIMEIEFTE;
%E%ﬁﬁﬁﬁ%ﬁ%, {HLERRTE 0.979 B/, RS T REESFFRENRE
R
2% 3 —Fr B ~ B BOF =R/ BB R MR BEFE R

yikit) AUC X FEIERE IEE BRE L8R
—WEB (£ (1)'89 0.759 0.878 1.000 0.757 0.757
BB (ZHA+GBM) ‘2)'91 0.773 0.885 1.000 0771 0.771
= AN R e

IegjllwfféNNg z B& 3'92 0.825 0.901 0.979 0.823 0.803

E: GBM=FBEIRIHL, KNN=KITLF, AUC=3i{E LIEFHEmMZ NEfi o

a B ZRIAHGBMHKNN b ZBrBr: ZHIA+GBMHKNN

1.00

ol

ﬁ& 50 i

943

AUC = 0.922 (17.7%)

(95% CI: 0.903-0.942)

O‘ DO T T T T T
0.0 0.25 0.50 0.75 100

145 7 JE
B 1 = BB p AR ROC #h 22 AR 1B FERE
3.4 S AT SRR R
P DCA 4347 5 15 1 Hli 2 9 i COPD 78 25 42 j B 015 R 7 FR 48 (0
2) © DCALERER, 7 0-5%H EHER K H N, 8RR % 1K 25 1 4 2L B T
ST K CAWATH R HRBEAYENSRE, TR e
PP © BB T BUNTRER 55 fR SR & R A e S
2 3 P (R L5 BB B 32 R . - % WTAE 5 B 50 P BT B AR B B/
HR BT, SEUEAI S R RS -




http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202604.00086
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202604.00086V1

@ — i Be SR AR A R S it 2k

=
iing
). 02,
0.050 ... AWAFH
- - - AWTH
— B
). 04 :‘ "
R
T L R
b = B S R A v i 2
0.25 !
I
i
'
0.20 :
[}
/
= I
M(l 154 :
g I
H !
i ]
50 10 !
I !
I
1
0.05 d
!
I
]
0.00{ 1
.25 0.50 0.75 1

H 0 A
B 2 =P B AR Al T Aok i 4 S v P

3.5 ff%% BAE BT

% H SHAP o =R B e m‘;-ﬁ“uﬂ%ﬁﬁgr SR o IRIEF 4N SHAP {EHE
7, HREE ~ Fig - meF EOS% ~ TT ~ M5/ ~ Glu ~ i ~ S I8F1 APTT Hy
—M B REENRIETE (LA 3) L~*/%ﬁ7ﬂ LGZH A 5 COPD HYEEEDR
B, l4)§r7§£@ﬂinﬁﬁﬁu 10 PMYmA S, PR MIAIKHAIRT ~ R+
i 2 1 M **ﬂ#ﬁﬁéﬁ T AN B bfrj—uua%r (P <0.05) , FEHHXLEHG
‘H45 COPD fZ1EFE et



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202604.00086
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202604.00086V1

=MEL . Z24EE +GBM+KNN

sl

AES

S0 E —

EOS%

TT —
M) —
Glumm
fififz mm
PEIRIRES - E 45 .
APTT mm
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

|SHAP| &

3 =M BUR AR R R AL B B

WA E MEBI% COPDJR I OR(95%Cl) pfi

Ji 8 R e 5 1L 17 2 19.42(5.04,74.87) 0.006
W T + o 1L 27 3 18.37(5.9,57.23)  <0.001
JHAS K+t 5% 12 1 13.12(2.37,72.69) 0.080
AN i+ i g 12 1 13.12(2.37,72.69) 0.080
Jiti 225 %+ W PR s 13 1 12.02(2.19,66.11)  0.087
it 45 1%+ e ML e 27 2 11.64(3.13,43.28) 0.015
O TE T+ ML 39 2 7.86(2.15,28.69)  0.030
o IS + 43 2 7.09(1.95,25.78)  0.036
ity fik e s + 5 1 98 3 4.62(1.56,13.66)  0.031
104 27 v+ g L 287 7 3.76(1.77,7.96)  0.004

SN ST e B e e e
110203040506070

4 B EEMARE

4 BFig
4.1 HEIIVERE AR

AT R = B BB PR T B (AR BRI T — [ B2 A S R R 7 B
i o MR R LR T AFEIL AR B & o — B B 5EE& 285
i, {EAEmE BIE EEURAAGEEAR, BRGNS I BEREIET o I Bi 5|
A GBM SAWEREAIEAT —UCH, B R AN R E, SRR ENE - =
BOR A5 5[ N KNN, B REFEARTE R LRDEER R, e A pr
BRH R UL, AT RIFHR RBUERI R, SRR -

BRI R, DURRUIIES X 22 f A B — RS BRI & H I RV 5,
TEAS[RI MR s A JE ) AUC {3 0.70-0.7 31 » 1R FIBh 35 X SRR sk i i73%
VERAEAL, ZENDR AR B/ MIBEIE SR ) AUC ik 0.85, HAZTEMRISREER ]
RSN - LT ARABANSEE T LA 1
4.2 BRI RN B
DCA A 24E REN , ERRAVBIHEMRTEE N, RIS AT IR SRR
Wit T o T i 252 T R TN AR 2R 55 SE PR VLI 8 22 [A] 77
1E AR © 1%




http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202604.00086
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202604.00086V1

SHAP EE M AT E R,  “HRES" R Fn i e BEAE, Fon R
BT LR £ RGRER A BT H., ATREEL B —fE PSR Z FE REfRE COPD YA 42 X,
S o Hrp,  “BEEPRL+EIME" FURBEEE A (OR=19.42, P =0.006) |,
Hkp “#Er+EMmE” (OR=18.37, P <0.001) fl “fi&E#+mMmE"
(OR=11.64, P=0.015) ° LuHEILIEILEAILFFE, 456 FEIGE R
i o BEAEMFTFE, COPD INMUEMEREM, ¥ &—Mn] SEUNLE EEERI RS
PHERIEIRTS, ®IlES COPD 7E/RENLE LAHE REL, P& @ REMEARE &I E
IhEEFERT TP Al B BLEL R 2Y o X S INATHL R ~ Blm e s, SERIES 25
MAERRAL Al Be = A PRI, H— SIS EE N 2224 o AT EEIRER, &
ME & COPD 1% WAHIEZ —, COPD B3E HiE % 5 fli sk B ULt 8% 9 Rk
49.4%5 41.3%'>! o Eg{EN COPD iU E BB FEZE, HEFF4k% COPD A&
AIHEAN 8-12 f%, HIEEME-COPD E& B & i L& A B R 3R o 126271 o

TERS SR T EBAHE, HALHI A8 SRR TR EIRRN L AT RE A A HE
FIRA K28 29 o EOS%AN TT # iR 5 e ZAFIE, 7 B8 LB 2 SRS e e 1 T
AEFH 7 COPD R E A2 R ANVEBZEAE ] » Vanetti ZBOZEtidg i, £ 20%-40%
1) COPD &3 MIRAVR I+ EOS% 1, WEER Mk 24 il 5 fE/E 5 43 COPD &+
EEREAER, TTeEEmER AR ~ IMEME KIRIT R o Lo, BEEF R
COPD BEFEAIMINEERE , AMIMEIEER TT BEHEEBY o RKRUFF T
— BVl _LltFEbR%t COPD #BRUFZM, FFERREENS vl SR B i = NS B
K FMETT S E =R EY) o

5 45

AW G A BB S Im PR E EE, R 2 7 5 RS A B — B BOB R AE
COPD i & &I RAFHIFIBIERE, BENTCIAECA PFT B E R ML & E
NIRPEMEBGRAVFN T T E SR, BEET 80D B ARG, RRFH
N Z 0 ~ BEIERIREASHEA TIPSR, DA — A B Sz (L RE T -

(TR DRERNT 6 A YO 5 AP  RTRRE ~ SBEIO, IR S B B
BORKIRE, SKOCHN ~ SR0CHE ~ MCHUE « K © ~ R br i S bR, 2o 71
B ~ BT -

AR FraEEIE AAGFER PR -
I

[1] BOERS E, BARRETT M, SU J G, et al. Global Burden of Chronic Obstructive Pulmonary Disease
Through 2050 [J]. JAMA Network Open, 2023, 6(12): €2346598.

[2] HEE EEFEEE S EEB M E MR EHEIERE D). PHELS SR, 2023,
15(03): 154-64.

[3] KEY, ZHAO Y, SUN D, et al. All-cause and cause-specific mortality in individuals with COPD in China:
a 16-year follow-up cohort study [J]. European Journal of Epidemiology, 2025, 40(6): 681-91.

[4] T, S8R, STERTEERE, SCHL coPD FivAaR O RIRS []. FieaRHE~E, 2025, 23(02):

194-7+214.
(5] WK 5. 1B VR ZEVE R IR T STt ). P EIIRRHTEE 27, 2025, 18(01):
24-8.

(6] SEHEL, RE, JREHE, et al. KA HEHGMERH ZEM AT ZOR F I X SR ABEIR D] EImARHES,
2025, 18(01): 1-5.

[7] LIOU T G, KANNER R E. Spirometry [J]. Clinical Reviews in Allergy & Immunology, 2009, 37(3):
137-52.
[8] MILLER M R, HANKINSON J, BRUSASCO V, et al. Standardisation of spirometry [J]. European

Respiratory Journal, 2005, 26(2): 319-38.

[9] GRAHAM B L, STEENBRUGGEN [, MILLER M R, et al. Standardization of Spirometry 2019 Update. An
Official American Thoracic Society and European Respiratory Society Technical Statement [J].
American Journal of Respiratory and Critical Care Medicine, 2019, 200(8): e70-e88.



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202604.00086
BETREN A CREFATIFE ) FEB A Z SRR, biomedRx i vl K ALRAEAL o ATAT NARE RVFAFE R .

10.12201/bmr.202604.00086V1

[10]

[11]

[12]
[13]

[14]

[15]

[16]
[17]

(18]

[19]

[20]

[21]

[22]
(23]
[24]
[25]
[26]
[27]

(28]

[29]

[30]

[31]

MAHESHWARI R, SINGH A, CHAUDHARI P S, et al. Impulse oscillometry: An adjunct or alternative
to spirometry in the diagnosis of obstructive airway disease. Results from an observational study
[J]. Indian Journal of Tuberculosis, 2026, 73(1): 21-4.

RéMY-JARDIN M, BONNEL F, MASSON P, et al. Optimal screening tool for thoracic diseases: chest X
ray or CT? [J]. Journal de Radiologie, 2001, 82(9 Pt 2): 1108-18.

KAE, ER1E. coPD LIRER R Z2Wii st ()], KIBEE 2Pt 24k, 2010, 24(03): 237-40.
WANG F, CASALINO L P, KHULLAR D. Deep Learning in Medicine-Promise, Progress, and Challenges
[J]. JAMA Internal Medicine, 2019, 179(3): 293-4.

BHATT S P, ABADI E, ANZUETO A, et al. A Multidimensional Diagnostic Approach for Chronic
Obstructive Pulmonary Disease [J]. Jama, 2025, 333(24): 2164-75.

JORSHERY S D, CHANDRA J, WALIA A S, et al. Leveraging deep learning applied to chest radiograph
images to identify individuals at high risk of chronic obstructive pulmonary disease: a retrospective
model validation study [J]. The Lancet Digital Health, 2025, 7(9): 100903.

WEL Y, YANG M, ZHANG M, et al. Focal liver lesion diagnosis with deep learning and multistage CT
imaging [J]. Nature Communications, 2024, 15(1): 7040.

XIONGY, YAO L, LIN J, et al. Artificial intelligence links CT images to pathologic features and survival
outcomes of renal masses [J]. Nature Communications, 2025, 16(1): 1425.

DISEASE G | F C O L. Global Strategy for the Diagnosis, Management, and Prevention of Chronic
Obstructive Pulmonary Disease: 2026 Report [R]: Global Initiative for Chronic Obstructive Lung
Disease, 2025.

YU D, XIE W, GUOYY, et al. Dynamic Chest Radiography as an Alternative to Pulmonary Function
Tests for Chronic Obstructive Pulmonary Disease [J]. Radiology, 2025, 317(3): €251296.

LIU M, YAO X, SHI1YY, et al. Impulse oscillometry-derived equation for prediction of abnormal
FEV(1)/FVC ratio for COPD screening in Chinese population: a multicenter cross-sectional study [J].
Lancet Regional Health Western Pacific, 2025, 56: 101501.

CHEN W, THOMAS J, SADATSAFAVI M, et al. Risk of cardiovascular comorbidity in patients with
chronic obstructive pulmonary disease: a systematic review and meta-analysis [J]. Lancet Respir
Med, 2015, 3(8): 631-9.

LARATTA CR, VAN EEDEN S. Acute exacerbation of chronic obstructive pulmonary disease:
cardiovascular links [J]. Biomed Res Int, 2014, 2014: 528789.

CIOBOATA R, OLTEANU M, MITROI D M, et al. Beyond the Lungs: Cardiovascular Risk in COPD
Patients with a History of Tuberculosis-A Narrative Review [J]. J Clin Med, 2026, 15(2).

HIZAWA N. Common Pathogeneses Underlying Asthma and Chronic Obstructive Pulmonary
Disease -Insights from Genetic Studies [J]. Int J Chron Obstruct Pulmon Dis, 2024, 19: 633-42.
YO, 77 TN, B 22, et al. 1B ZEME BN & FERIIF ST ()] EIFREIRF4E, 2013, 33(13):
986-9.

ERRIE. SN A AR ZE BRI A R )] PRSI IR, 2011,
34(02): 137-9.

GASPAR MARQUES J, LOBATO M, LEIRIA PINTO P, et al. Asthma and COPD "overlap": a treatable
trait or common several treatable-traits? [J]. Eur Ann Allergy Clin Immunol, 2020, 52(4): 148-59.
ADELOYE D, SONG P, ZHU Y, et al. Global, regional, and national prevalence of, and risk factors for,
chronic obstructive pulmonary disease (COPD) in 2019: a systematic review and modelling analysis
[J]. Lancet Respir Med, 2022, 10(5): 447-58.

CHEN S, KUHN M, PRETTNER K, et al. The global economic burden of chronic obstructive
pulmonary disease for 204 countries and territories in 2020-50: a health-augmented
macroeconomic modelling study [J]. Lancet Glob Health, 2023, 11(8): e1183-e93.

VANETTI M, VISCA D, ARDESI F, et al. Eosinophils in chronic obstructive pulmonary disease [J]. Ther
Adv Respir Dis, 2025, 19: 17534666251335800.

ZHENG L L, WANG S, LI Z G, et al. Correlation of Coagulation Dysfunction with Infection and
Hypercapnia in Acute Exacerbation of COPD Patients [J]. Infect Drug Resist, 2023, 16: 5387-94.



