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BE.a6¢ ATHAINEKEARIE S T M E RN 0 E M A& 5% 2 M de £ 4 (acute exacerbation of chronic
obstructive pulmonary disease, AECOPD ) 1% & At b fisi % MU 69 BE AL | Jf s 2 Fm) 2L gk AT 3098 . F ok R 2022
$1 A %2024 56 ARMTARIEREE 69 272 4] AECOPD & 15 A #F 503§ ARIE 2 T 4 JM M i g 4 3
S AR R (n=54) Ao dE M SRR AL (n=218) , 4 A 2 B & A= % B & logistic ® )2 547 AECOPD 4 % Jifi 14 fi
R AR A, FEIAATRMER 4% FREISMERD T, HAELEA SF8 KR E 454 (body mass
index, BMI) \"RJA L &)k 2RI | 5 e g 1% 1 2 b B & 9% ( chronic obstructive pulmonary disease, COPD)
FRAL B E R S R e FANILER 2 F RS FE L (P>0.05) ; 7 41 s A 4 JE ( partial pressure of oxygen,
Pa0,) . f2 = &AL 5 JE ( partial pressure of carbon dioxide, PaCO,) . f2 pH, e #547 eF @K G f C-L L% G
(C-reactive protein, CRP) }b#x | £+ A 4tit % & L (P<0.05) . % B & 544 R B F,Pa0, 1% PaCO, & & fn
pH 183K | fo 7474 {1k A= CRP 4 % 2 AECOPD % & 4F & A b iy 09 2 52 S e B & (P<0.05), S AL B¢
Hosmer-Lemeshow 44~ Z # B 25 & .x* =2.912, P=0.940, K 4L A& #k 49 Hosmer—Lemeshow 44 E I 45 R .y * =
12.628, P=0.125, 3 A #EA ¢ Hosmer—Lemeshow $it&~/E ;\%I%I?é%:)( =9.232, P=0.323;ROC W £ 45 AUC 45
# 0.874(95%CI:0.822~0.925) .0.802(95%CI:0.727~0.877) #= 0.847(95%C1:0.788~0.905) , &+ XA TEKE
A B AT KB B AR e SRATREAL 3 48 45 A AT AECOPD & 4 A i b Jit % 89 T
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Construction and validation of a risk prediction model for pulmonary
encephalopathy associated with acute exacerbation of chronic obstructive
pulmonary disease based on dynamic nomogram and machine learning

LU Chenlin, XU Lu, YANG Junfa, PAN Huaqin, NI Qingtao
(Department of Respiratory and Critical Care Medicine, Taizhou People’s Hospital, Taizhou 225300, Jiangsu, China)

Abstract: Objective To construct a model for predicting the risk of acute exacerbation of chronic obstructive pulmonary
disease ( AECOPD) associated with pulmonary encephalopathy based on dynamic nomogram and machine learning, and
to verify the predictive efficacy of the model. Methods A total of 272 patients with AECOPD admitted to Taizhou
People’s Hospital from January 2022 to June 2024 were selected as research objects. According to whether they were
accompanied by pulmonary encephalopathy, the patients were divided into pulmonary encephalopathy group (n=54)
and non-pulmonary encephalopathy group (n=218). Univariate and multivariate logistic regression were used to analyze
the risk factors of AECOPD associated with pulmonary encephalopathy, and the related prediction models were estab-
lished. Results Univariate analysis showed that there was no significant difference in gender, age, body mass index
(BMI) , smoking history, hypertension, diabetes, hyperlipidemia, chronic obstructive pulmonary disease ( COPD)

course, acute exacerbations, heart rate and serum sodium between the two groups ( P>0.05). There were significant
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differences in partial pressure of oxygen (PaO, ), partial pressure of carbon dioxide (PaCO, ), blood pH, serum potas-

sium, serum albumin and C-reactive protein ( CRP) between the two groups ( P<0.05). The results of multifactor

analysis showed that lower PaO,, higher PaCO,, lower blood pH, lower serum potassium and higher CRP levels were

independent risk factors for pulmonary encephalopathy in AECOPD patients ( P<0.05). Hosmer-Lemeshow fit test

showed the following results: for dynamic nomogram, x> =2.912, P =0.940; for random forest, y* = 12.628, P=
0.125; for decision tree models, y*=9.232, P=0.323. The AUCs were 0.874 (95%CI; 0.822-0.925), 0.802 (95%CI;
0.727-0.877) and 0.847 (95%CI; 0.788-0.905) , respectively. Conclusion Dynamic nomogram, random forest and

decision tree models based on risk factors can effectively predict the risk of pulmonary encephalopathy in patients with

AECOPD.

Key words: Acute exacerbation of chronic obstructive pulmonary disease; Pulmonary encephalopathy ; Dynamic nomo-

gram; Random forest; Decision tree

g BH &4 Jili %< 7% ( chronic obstructive pulmo-
nary disease, COPD) J&— 7 LAFF2E i 52 FR 4R
IR P P I 5 | G o S B AR A Sy T R A
PEATVERG DR B o A8 4 B 2 P il 5 2 1
] (acute exacerbation of chronic obstructive pul-
monary disease, AECOPD ) J& & & 3 78 5 i [3] 4 1
I A2 N PSR n RN UL RT3 1 RS
YURGE DR ZAT 6 il P I 0 S i ™ A IR 4
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GEUIRERERG AR . R RN Y & 4 5 AECOPD Y ™
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PR ZEVE il B 5 12T 18 B (2021 BT ) ¥
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Coma Scale, GCS) P43 =9 43, BEIRITIK MM B I
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Table 1 Univariate analysis of factors associated with pulmonary encephalopathy in patients with AECOPD
Wi it P AR 4H ( n = 54) At PR 4H (n=218) X/t P
5 0.011 0.916
5 42(77.78) 171(78.44)
© 12(22.22) 47(21.56)

i, % 65.73+11.06 63.27+10.18 1.562 0.119
BMI 23.71+3.98 23.10+3.72 1.064 0.288
R A s 35(64.81) 138(63.30) 0.043 0.836
f= I 17(31.48) 79(36.24) 0.429 0.513
IR IR 11(20.37) 37(16.97) 0.344 0.558
= ILAR 11(20.37) 32(14.68) 1.053 0.305
COPD i 13.14+7.06 12.42+6.24 0.739 0.461
SR B (R/AE) 2.14+1.57 2.06+1.52 0.344 0.731
L3#/ (K min) 103.25+26.14 99.24+17.18 1.369 0.172
PaO,/ % 68.43£15.08 73.35+13.81 2.301 0.022
PaCO,/ % 82.77+21.29 67.43+16.05 5.866 <0.001
Ifi. pH {8 7.38+0.09 7.43+0.05 5.483 <0.001
750/ ( mmol/L) 3.75+0.13 3.81£0.14 2.858 0.005
1M3E 44/ (mmol/L) 136.83+15.27 138.64+16.26 0.741 0.459
MEHEA/(g/L) 35.97+5.01 38.75+7.40 2.614 0.009
CRP/(mg/L) 10.22+2.05 8.72+1.65 5.685 <0.001

%2 AECOPD % itk i 9 22 I & logistic [01J70Hr45 2R

Table 2 Results of multivariate logistic regression analysis for pulmonary encephalopathy in patients with AECOPD

A it B SE Wald y* OR(95%CI) P

Pa0, -0.029 0.014 4.306 0.972(0.945~0.998) 0.038
PaCO, 0.055 0.012 21.744 1.057(1.032~1.081) <0.001
Il pH {8 -13.041 3.113 17.552 <0.001( <0.001~0.001) <0.001
L3757 -4.852 1.560 9.673 0.008( <0.001 ~0.166) 0.002
[INAEEAE -0.017 0.028 0.378 0.983(0.930~1.039) 0.539
CRP 0.586 0.122 23.089 1.796( 1.415~2.281) <0.001

£33 AR RIS 2.3 Tl AECOPD {3 % Bifi1% B s IXURG 4% Y 1) 3 57

Table 3 Collinearity diagnostics among the identified risk factors

iH KB T 2R T
PaO, 0.972 1.029
PaCO, 0.980 1.020
Ifi. pH 0.979 1.021
JliIRERE 0.981 1.020
CRP 0.982 1.018

5igiE

FEF 0 5 HH 1) A5 6 BR R ST T AECOPD
R it B A XU B 2 285 91) £k IR TR | i AL AR A
PSR B RL, LK 1—3, 3h A% 2K 1 Hosmer-
Lemeshow L& R I 45 K .x* =2.912, P=0.940;
Fii L #% Pk 1) Hosmer-Lemeshow 115 J& A6 5 25 M
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X =12.628, P=0.125; Y5 AL ) Hosmer-Leme-
show L5 FER IR 45 0 .x* =9.232, P=0.323, Zh&
G2k &L T B AR PR RN D 3 A SR 1Y) AUC 4330

0.874 (95% CI. 0. 822 ~ 0. 925) . 0. 802 ( 95% CI.
0.727~0.877) Fi1 0.847(95%CI.0.788 ~0.905 ) , i, Il
4. 3% 4,

PoHRiE

CRP/(mg/L)

IfiL 775 £ /(mmol/L)

M pHAE

PaCO,/mmHg’

10

PaO,/mmHg"
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& P RH ZEVE T
I s P R A
Rl g IR

El 1 T AECOPD {2 fifi R i & Az XURS: i) sl A5 51 2k (R AR
*1 mmHg=0.133 kPa,

0.403
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Figure 1 Dynamic nomogram model for predicting the risk of pulmonary encephalopathy in AECOPD patients
“1 mmHg=0.133 kPa.
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Figure 2 Random forest model for predicting the risk of pulmonary encephalopathy in AECOPD patients,
and the variables were ranked by importance
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Figure 3 Decision tree model for predicting the risk of pulmonary encephalopathy in patients with AECOPD

10 ik st
— Sk
— HALEEH
Uit
0.8 — 2%

0.6

0.4

0.2

0 1 1 1 1
0.2 0.4 0.6 0.8 1.0
1-FER

Kl 4 AR ROC L
Figure 4 ROC curves of each model




Bl Rt , 55 5T S A HN 2R I B WLaS 27 ~T 08 P BELZE PR s S M i 0 i o DG PSS Ay ot B ik 113

T4 KB ROC MLz R
Table 4 The ROC curve results of each model

Al AUC THURE TS P 95%CI
EIEETE] 0.874 0.741 0.849 <0.001 0.822~0.925
REAILARAK 0.802 0.667 0.858 <0.001 0.727~0.877

PR 0.847 0.685 0.867 <0.001 0.788~0.905

(%4 f % B #F AECOPD HR % | 48 9 I I
3% iR S AT R ERE, CRP A —Fh & KE b7 ik
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e A AECOPD £8 35 1 i 1 i W 5 45 B,
DA R B e 0T T e fe o 18], DA 3R AT 8 2 1)
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