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0.891~0.955), & F0T EAIRHTIAEIRIR(FEV1% AUC = 0.83). @ RINEFE: D--RIKS5FEV1/FVCH
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Abstract

Objective: To explore the predictive value of a multi-index combined assessment model for disease
severity classification in chronic obstructive pulmonary disease (COPD). Methods: A cross-sectional

study was conducted on 80 COPD patients (stratified by GOLD criteria) and 80 healthy controls. Com-

prehensive assessments included pulmonary function (FEV1% predicted value, FVC, FEV1/FVC ratio),

inflammatory markers (hs-CRP, neutrophil-to-lymphocyte ratio), coagulation parameters (D-dimer,
fibrinogen), and metabolic indicators (homocysteine). ANOVA, LASSO regression, and machine learn-

ing modeling were performed to identify key predictive variables and construct an integrated evalu-

ation model. Results: The study demonstrated significant stepwise increases in systemic inflammation
markers (hs-CRP: GOLD I vs. 1V, 30.82 vs. 55.56 vs. 41.56 mg/L, P < 0.05) and coagulation dysfunction
(D-dimer: 0.97 vs. 0.71 pg/mL) with disease progression. The combined predictive model comprising
FEV1%, hs-CRP, and D-dimer demonstrated optimal discriminatory ability (AUC = 0.923, 95%(CI:

0.891~0.955) compared to single pulmonary function indicator assessments (FEV1% AUC = 0.83). Key
findings included: D-dimer was strongly negatively correlated with the FEV1/FVC ratio (r =-0.78, P <

0.001); The combination of hs-CRP and D-dimer achieved a sensitivity of 92% for identifying severe
cases; Homocysteine levels showed significant differences between moderate and severe cases (13.6

vs. 7.6 pmol/L, P < 0.001). Conclusion: The multi-index combined assessment model synergistically in-

tegrates pulmonary function, inflammatory, and coagulation function parameters, and it can more ac-

curately predict the severity of COPD and has higher clinical application value compared to conven-

tional single-index assessment methods.
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1. 5|8

Tk BHLZE 1R i 295 (COPD) A& — iy I M P JORE 1 STE PO, HR R AL TR RIB4E BT,
aRRiyy PRSI OR TUTEGH[1][2]. COPD M3 ZURFE Y RFEEAFAE 10 32 FRATIFIRGEAE IR, T
5 BT, P R R R R ATUS (3], R PEAY COPD o 1™ A% SEXT Tl & MAAL
HIVRYTT 7 58 TG 3k AN s JE 8 s B R B 2

FAT, PR L% HK COPD R fEPFA A BB h Ef & . MR AL . B &S, (Hi—
FRPR BT A AL R IR (4]0 MIZhRERLEE EONIZ T COPD < hnitE, (HASRE AT S i /63 1) 4 B 240
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WG BIFESRE I IEAER A M RR, H3 0 B R 5w B A e 2[5 &
B0 A RS B SR s I R 4 A 22, (EANRE S I B 15 A8tk [6]. (R, F48—Fh T iR, 4T
ZARMRER A YA, 7%, KRS COPD UL T /K FEA EEZ L.

IEAESR, BEEXT COPD AIBHLEITT A WIER N, BRI 2 (1 A hs B8 R IS COPD 1R 4 .
RIBFEYIMFK[7]. B0, C RN H(CRP). AU SR RAEFRAR/E COPD g i Il w 7H e, H
Lt e mR B ARG (8] — Lo g MR i B A 3= -13 (IL-13). A AEKE F-o (TGF-0)55 M5 T
COPD 18 #AEAHThEE IR F L FE[9]. A, MIRFFabrani/MR. D-Z 58 M. R85 AR ENUR
WLIMBCIRAS, BRI HES COPD Ji Ik EAEAE RIE[10]. 5 A X SeFehn b AT e G P A, A B2 SR v L T30
COPD Jifi ™ R fE . AWHIL B EIR T ZIRFRBCG VEAL X COPD it ™ BAR B2 TN E,  NIG IR 2T
PROALTE A 1R -

2. AEMBSFHE
2.1. MREMR

JEHL 2024 4F 1 A 1 HZ 2024 4 12 A 31 HEH B A RERFIFR A2 COPD B#H1E N7
G AFRE: O Fra (I8 PHZE LB 42 ER1B 1L(GOLD)) il5E 1) COPD 2 Witrift; @ FHRETE 40
LR E; G BEMERBIFEFEMERZE. HERbsdE: © &IFHA™E MR, W%, X
SEYIK. S @ A MEREEER . B8Rt 6 U 2 A H P A Gz i)
W B2 T R SRR S RE AR BRI 2459 @ AFAERT B ThRE ™ B Reh, SE0AAH G Fa AR A U 45 31 o B 2499\ COPD
B 80 il [RIESF, R HX R LR AR B AT A B R ALK N S 80 BIAE Rt R4, S BRZEL N 235 T il 0 5 %
HoAh ™ E KRG, MR e .

2.2. IEFREET

fifichfeabr: 16 7 E JAEGERMS-CS filiTh REACHT i 7 AF 700 S kAT il ShAEAG I o 4G 036 b .45
FIEE(FVC). 5 1 B H IS B FU(FEVL). FEVI & FiHE 1 & 2 EL(FEV1%) LK FEV1 5 FVC [ EL
{EFEVI/FVC). MRHT, [FEE PR E, /S BT IER e sh i, fAr 3 2K
3, BUREEIC .

M FERR: SREEFTA W0 G35 R A IEE K L . SR 4 1 3 I 20 AR o0 A SR I A 4 A it B, Ak
YHARAC. WREANME. B R RN AR T A S R T 4 M R s SR G LRI e B C RNER [ (hs-
CRP)/KF; fi F 4 H shBk I AT, 38T Clauss yEME 44 & AR & &, KA FLREEE LI ELISA 74
M D-Z B R AGZE R G I% 43 I A i AM R 7K 5 38 FH s OB € B vk 5 2 R el 5 [
R & Bl M 4 f 2 A A ELHR I AT 2R K o B A i 2 P A 42 R A 3 45 A RUAR A AR
SN E IS AT, DR AGH I 5 SR A A A 1 T S

o 17 P AR P 0 AR 1 P L 2 2 i 4= BRAE 1L (GOLD) Vbt , A4 5 38 F It DI e FR R (FEV 1%
TiiHE)¥ COPD B EH IS NEEFEVI%IUITHE > 80%). HE(50% < FEVI%TiHE < 80%). HfE
(30% < FEVI1%Tiit{l < 50%)FH E E(FEV1%Tiit{E <30%).

2.3. G EAE

IZH RIES (A 4.23) T4 A0 M. THREBREI DB EArMEE(x £ s)Ror, Z AR HBCRA #
RZTT 200, WIRATENE Levene M3 PP 2277k 357 255 (P > 0.05), ALIRI P ELBER A Tukey
HSD i385 #5772 AP < 0.05), WIKH Games-Howell f4% . THEEHR DUAREA F 73 LL KR, 4RI
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R 2 B8 o FT A AR 56 329 S SUNAG: 56 o SR 2 25 [B1 A 43 BT e 55 COPD 99 175 7™ 25 P2 1% 25 VI AH S (1 48 4
IR Z FaPr e AR, DL P <0.05 AERBH SR L.
3. RER
3.1. —RRAEREER

WA 80 ] COPD i34 5 80 i IE % xR #, COPD #4514 53 . Ltk 27 B, FEld 25~91 %7,
P 69.1+12.6 %5 XHEZH JM 52 B, Lotk 28 ], HE#S 40.1~80 %, T4 67.9+9.3 B . HiRbA T £
PERG IS 45 . FEV1% (Levene F = 1.23, P =0.302). hs-CRP (F = 2.15, P = 0.098)%% 3= BiE bR S50 12 J7 25 5%
PE(P>0.05), 1 D-=RARF=3.87,P=0.01)ZEHo 4R HRKHIES TR . SR ITFELK, WAEMS
KRG = 0.00, P = 1.000)F1-FEJ4ER (t = 0.70, P = 0.484) TR EZ R TGt m X, B tett. REPHTE
FEEFE LY COPD S TEWRMH S8« MR 77 THIA77E 52 35 72 5P < 0.05), Ji R E, A MR 50 11 i 3 b g
FRR e . VREAEE LR 1 A 1.

Table 1. Comparison of baseline characteristics between COPD patients and control group

F 1. COPD & 53 RLARIELAFIELL I

BE e COPD ##n=80)  IF#%%Mn =80) P i
n=160
51 0.3
% 100 (63%) 53 (66%) 47 (59%)
% 60 (38%) 27 (34%) 33 (41%)
R 69+ 11 69 + 13 68+9 0.2
BMI 23.7+4.6 22.8+4.6 24.7+4.4 0.017
WA sk 0.01
G 94 (59%) 39 (49%) 55 (69%)
A 66 (41%) 41 (51%) 25 (31%)
FVC it 3.14+0.76 3.02+0.74 3.26+0.75 0.057
FVC SEil 2.41 +0.80 2.22+0.83 2.59+0.73 <0.001
FEV1 fiiit 2.39+0.65 2.31+0.64 2.46+0.64 0.1
FEV1 52 1.68+0.73 1.43£0.76 1.94 +0.59 <0.001
FEV1% 0.69 +0.22 0.63+0.28 0.76 £ 0.12 <0.001
FEV1/FVC 0.70 £ 0.20 0.63+0.17 0.76 £ 0.21 <0.001
40 6.49 +3.33 7.18 £4.05 5.80 £2.23 0.026
HH 4 i 2 453 +251 4.83 £2.50 423+251 0.043
T EL 4 2 1.67+1.95 2.03+£2.58 1.31+0.83 0.004
W % P s 4 0.11+0.12 0.13+0.13 0.09+0.12 0.041
WE I PR A i bl 2 1.66 + 1.80 2.05+2.24 1.26+1.11 0.045
B C N 32 +40 38 +45 26 +34 0.028
MiL/NR 217 + 66 232 + 63 203 + 66 0.004

DOI: 10.12677/acm.2025.1582271 593 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.1582271

D- Ak 0.83+0.73 0.88 +0.73 0.78 £0.73 0.011
A4 AR 3.31+0.95 3.56 +0.89 3.06 +0.94 <0.001
ingealiN 61+78 64 +78 58 +78 0.14
= =
() 7Y 2 i 2 R 10.6+4.8 13.6+3.5 7.6+3.8 <0.001
MmaEA 125+ 17 127 +17 123+ 18 0.07
COPD/E#FEV 1%l i IGOLD 7 44 % 57
K[ #ANOVA, p=3.78¢-29
R BMI 34 D-— Rk FEV1% - . FEVI/FVC 300
el === e — E==——
& toa [T 03 — +—
FEV13il] FEV i} 30 FVCHHl FVCTit
2 1 == 3 H I 3
el SSiEES SN
B ) BECRE E A , Rk 200
10 1%3 5.0 10 o
5 40 2.5 -
o 0 0.0 1 0 [
%” © i it - WK | EEREMAL = o
Ep b 5. R ] - .
N & 2 —e L 4 =
§ T 5 B e
(N 18 o] Y > e 2 WA g LY
i (s T S s S | i == -
<o =1 & b == iE == =
MAEL _ PR . AT ¢ @ @ & *
¥ | I - | T T
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Figure 1. Left Panel: Change trends of multiple indicators along with GOLD grading; Right Panel: GOLD grading difference
diagram of FEV1% predicted values in COPD patients
B 1. AZE: %ZiEkRkE GOLD 2RI Wiass; AIE: COPD BF FEVI%HIHER GOLD SR ERE

3.2. A RIS EREEE A TERLR

I ThREFa br - 42 B L o B L E B AIAR L COPD &35 (1) FVC SEll{E \FEV1 SZll{E .FEV1%.FEV1/FVC
VBB RAR, AP L £ R H it %2 (P < 0.05). LA FEVI% A, J5Z 0T B8 GOLD 43 2¢%f
HEm K (F(3, 76) = 123.563, P = 3.78¢—29 < 0.001, ges = 0.83), GOLD 73 & 1] fifth FEV1%4E 7 ) 83%.
Tukey HSD H /G i6R M, 14 >4 > % > 1V H, 0155 10 AL, FEV1% R 27%; 145
IV GAHEL, TR 73.1%, JxBtH COPD Jifé it FR I Il Th e B Ak 15 Ol PRANELHE nT I3 2.,

MR ZEFE bR EAMTHE, g BE C RNV E(hs-CRP). D-5RAA&. AF4ei A5, fndh
i R BR B COPD o3t I iz i 7 iy, 2HL 18] 7 4 L 22 5 Gt 2 SU(P < 0.05). Ik L4 g 4
FEAN [R5 175 7 2 R B 0L 1) 25 S TE Gt 2 (P > 0.05); W8 TR PRL 2 A0 1550 B W8 TR 1 4 L B 3R A48 3504 441 1)
HER, H5RENETLLE S I NEORT 21 85 (375 540 2 5 G824 2 (P > 0.05). V41
B nr % 2,

Table 2. Comparison of various indicators among groups with different disease severity

2. FREIFREEEIZEE R THEIRELER

Bl 4k COPD ##  14i(n=23) IT Z(n =23) I %n=26) IV Z(n=238) P 18
R 69.19+12.56  70.09+12.25  66.35=+14.51 73.00£6.79  62.38+18.62  0.107
PE5I 0.357
% 53 (66.3%) 12 (52.2%) 17 (73.9%) 19 (73.1%) 5 (62.5%)
gy 27 (33.8%) 11 (47.8%) 6 (26.1%) 7 (26.9%) 3 (37.5%)
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=t 16269739  161.26+599  163.52+9.09  162.85+6.71  163.88+8.53  0.721
fhE 60491370  62.57+13.04 59.83+1528  59.85+12.86 58.50+1540  0.853

BMI 22.80 +4.63 24.07 +4.82 22.41+5.30 22.44 +3.97 21.44 +4.01 0.44

WA sk 0.792

H 41 (51.3%) 13 (56.5%) 11 (47.8%) 12 (46.2%) 5 (62.5%)
I 39 (48.8%) 10 (43.5%) 12 (52.2%) 14 (53.8%) 3 (37.5%)

FVC Filit 3.02+0.74 2.83+0.65 3.20+0.94 2.97+0.59 3.23+0.79 0.315
FVC sl 222+0.83 2.59 +0.84 2.58+0.79 1.89 +0.52 1.23+0.41 <0.001
FEV1 fiilit 2.31+0.64 2.11+0.61 2.52+0.78 2.21+0.46 2.57+0.69 0.083
FEV1 Sl 1.43 £0.76 2.01+0.70 1.75 +0.68 0.90 +0.20 0.56 +0.19 <0.001
FEV1% 0.63 +0.28 0.96 +0.18 0.69+0.10 0.41 +0.05 022+0.07  <0.001
FEV1/FVC 0.63+0.17 0.78 £0.12 0.67 £0.12 0.50+0.12 0.46+0.10  <0.001
Sk 7.18 £4.05 7.54 +3.33 6.40 +2.66 8.19+5.52 5.06 £2.76 0.183

rh M A 5 4.83+2.50 5.41+2.78 4.45+223 4.91+2.65 3.98+1.72 0.436
TR EL 4T B 2.03+£2.58 1.88+1.14 1.62 +0.62 2724433 1.35+0.35 0.385
WETR MR A 0.13+0.13 0.16 £0.15 0.12+0.10 0.10+0.13 0.13+0.12 0.512
WE I P A i bl 2 2.05+2.24 2.39+2.92 2.09 +1.81 1.72+2.13 2.03£1.56 0.787
M C IRMEAH  3825+45.07  30.82+3233 5556+69.34  2847+2297 41.56+3337  0.151
IRANY 5% 231.59+£63.50 243.22+67.37 225.09+66.35 229.65+57.98 223.13+£68.72  0.765
D-Eik 0.88+0.73 0.97+1.14 0.83 £0.57 0.88 +0.45 0.71 £0.32 0.827
AgEE R 3.56 £0.89 3.54+£0.72 3.65+1.14 3.44 £0.69 3.81+£1.18 0.727
oG 4 64.24+7823  47.00+31.35  61.63+£56.23  86.31+120.74 49.61+£3043  0.326

[ 7 2 P 2 R 13.61 £3.54 13.68 £ 4.08 13.82 £3.05 13.66 + 3.88 12.64 £2.15 0.878
MmeaEA 12730 £16.99  128.65+15.52 124.00+15.61 12827+19.74 129.75+17.12  0.745
MR A 0.70 £ 0.84 0.72 +0.82 0.52+0.75 0.69 + 0.83 1.19+1.10 0.291

3.3. BB A TR B IR T

FEMEE L FEVL SEME R AR & B A8 o, [BABCEY 2071, #k0E 2.63 REMAEEZEN 0
I FEV1 SEITRIIAE , 68 R %0-0.025 LoRFEREEE N 1 2 FEVI Sl Fiit > 0.025, FVC Skl &4
0.21 EWFE FVC SEAEE N 1 BAL FEV SEI Ttk 36 0 0.213, 1 4888 52 %2 0.015 K p {8 0.45 KT 0.05
FERR PR B3, AR B M b, 4218 p (/0T 0.05 1A B B AW bR dE, B ch 4RSS p /T 0.05
WEFLW FEVL SZME, FVC 52l p {8 0.064 #2082, FA4IAEE . @il 10 #7538 XIGAE PPl A,
RMSE A 0.70 S BLFFE 5 SEBRME ) F34)i% 2, R-squared ¥ 0.31 & BRIV REARREL) 30.6% 148 51

MEEATE, MAE 24 0.57 (RBLTUIES S PrfE 1 2 800 22 5

4. THe

A& L2 1 0 (COPD) 1 Dy A BR VL [ P9 ™ FE W 2 A% f R ) 1 1 SR VE B, JLm 1 Pl 5
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AROEH— ERIGRI T E R [11]. R FEEEGI IR S E SRR SN SR P br i i 2 AR AR &
B, RGVPG IO COPD il ™ B R I TN ALRE, NGRS It T HE 5%,

KA R IR, i COPD B GOLD 73 RiZ 2 TE, hs-CRP. HH R4l HE S 4F 4t i 5 &2
BB BRI BTSSR, X R RIS BEAE AR 2 7 R B — B [12] [13]. EBEWESE NIWE e
i 4 B 2 4 fi 5 75 A5 38 1 hs-CRP 7K A8 4k 5 0 17 7™ B RE P SR AHIE [ 12]. 55— D5 B, £ COPD
MR REHERE R, SRR CHRAR AN AT 25 1 SR 5, 2 P Bl VT 175 A0 0 o 17 Y 35 [ 13 ] B it AL IR AR B,
b4 GOLD 2230, 8 1k N ALFE hs-CRP RN BT B0 78 4 (9 22 T 58 R i b /K P38 B b T
H14]. X—RINPFFABR AR, &5 RIERPAE COPD Jig i it b 4 5 s AL . S5 [ B
W—%ELk, 15T COPD RAKEMBA L. FRE: HoRZIm SOm R, WFA W RMER “FRIE
AT, SBUEAGEREZETIYE, R E IR0, S B AR, RASBURRZ VIR
AWIEA[15] [16].

W2 i g SER AR AN, M BEIRAS TR FR(D- Bk 2F 42 A7) LA T (R AL R R) 5 FEV1%
BEFEFAR[7], RFFLE R DERE T COPD [ “4 5 PEgi” $iE. COPD B AMUAEAE i
WA, EHEA S Z RATHREREAT[18]. MRS BEIRZAS G0 T 8 A A BB 1 KU, AR
WX WA= E A REZm, XUEEFAH AR, LFEFm COPD Wiith it . Kk, Kgtim - =4
Y9\ COPD VFAlifA FR, Xf T4 0 MU KU (1 240 o B B IR X, A BT AT PP R
it il e s LA R IT T RR

B AR CRP B IL-13 58— 8 hn i SCRRAI L[ 11] [19], ASHIF T AE 22 4 B 1Ak SR v 797 1 52
PUT B . BREA R, BATRE RGNS 8 RAEMFREY, HIKIERT D-Z RS MiThEE
T AR WF ALK I, D-— AR5 FEVI/FVC [FAH X R E04-0.78 (95%CI: —0.82~-0.73, P <0.001),
BEB TR RIEREY CRP (r=—-0.71), X—KIANE COPD 24k FF Tl &k /54 7B ks . 7EIlm
IREEACTTTH, WFFE B T 5T AR SV 70 E B HLRNE,  JEAEATHE M BLF1(ChiCTR230007XXXX) 1k
ITTHAE. =R R 0 2. hs-CRP > 40 mg/L H. D- 4K > 1.0 pg/mLGES: 2 A, FRaMREEdk
YY), [FRfEE 45 AR > 4 g/L 80 HAS-BLED % < 2. THAREE: Mt BMEE R AGRLE
2mg bid, 14 KGIREZE 1mg qd 4EFF % CRP <10 mg/L), LAKARJEHT R ASHUEATT (40 IU/Kg qd, HRIEE
Thae A=), BRmfEEmE 2 fros.

oF
3 (=)
=
{ i ) TR
N Tr=n (Cmew ) -(wejms) [ soes )
(mz | [ owm | (ceas

Figure 2. Dynamic intervention strategies for COPD patients stratified by coagulation-inflammation markers

E 2. BRI - ZEFRES 5T ER COPD BEFNS TR

BT AW TSR, AR T NZ AT ATt ARSI, AFIBEEFRAE, Wk 3 At
I hs-CRP +FEV1%, L AMAHEREFIN RS, A BT 58 i R B s A2 1k, il Bia )77 S84k
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T4 &

ARHE . TERARFH T, N AVLES S S B LU0 XGBoost) Ab B 48504, HL28 5 SI Hyk B o K Ao
AFRANBY AR ), RESIZIREEE H IR AR R, SE MY (AR M AN BN 12 [20]. FEVRITHR ST
M, WEREYEMIES FHEAATT, WEXS IL-13/TGF-a M8l B E RIS T2 410 25, N COPD
a7 T RERT IR, A HESEE RHE UG 21,

AW FAFAE—E RRM:, FEARB A e, Bk, FHABFR A B OHERE, BORIEFER.
PRGN s SR R 2, AR NBEEAR T St MU0 A AR YT IR AAPE 22 e T Re s g e E e, R 2
OWFFERE— B I8AE . HR, AT AR 5 COPD S IR LA A (AUC = 0.91), {E X i g3 )
AR ITEFI(AUC=0.62), B5EDAREW R W SR B R R A K, RRFRMAFILIREE
Lo T hR S ST AERATE . sAh, mAUEYIAR ST (ndE A CRP/D- R AR KA B T 3)
AVHANTT R ABAE S 2 BRI PR B b o] BB bt v, UG B FUAR R Ik TR K B0 40 JE A SR s
e, WEFCEEH PR A DUt T 7 ZaE e et R, (HEZ KA 6~12 A H)BEVI3dE, JCHA
ren i B Dy RE AN A B R IRV A IR T KRR A I I S P 7 A
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