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Abstract: Objective To develop a machine learning-based model with good generalization ability for pulmonary function
assessment in elderly patients with impaired pulmonary function. Methods A total of 7720 elderly patients undergoing
pulmonary function testing (PFT) in Guangdong Provincial People's Hospital between September 1, 2020 and December 31,
2024 were enrolled. After variable screening by univariate analysis and LASSO regression, the patients were randomly
assigned in an 8:2 ratio to the training set (n=6176) and test set (n=1544). Five regression models were constructed for predicting
forced vital capacity (FVC) and forced expiratory volume in one second (FEV,), and their performance was evaluated based on
Pearson correlation coefficient () and intraclass correlation coefficient (ICC). Feature contributions were interpreted using
Shapley additive explanations, and the classification performance of the models for high-risk populations was assessed.
Results XGBoost showed the best predictive performance in the elderly patients (r=0.733 for FVC and 0.711 for FEV ; ICC=
0.694 for FVCand 0.668 for FEV,). Male gender and a younger age showed positive effects on pulmonary function, while
female gender and an advanced age showed negative effects. The optimal cut-off values of FVC% and FEV,% were 82.93% and
85.46%, with AUC of 0.700 and 0.706, respectively. Conclusion The XGBoost-based model developed in this study is simple
and reliable with good generalization ability for pulmonary function assessment in elderly patients.
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Tab.1 Statistics of missing values of the variables

Variable Missing (%) Variable Missing (%)
FT4 47.14 (deleted) h;;iﬁjﬁ;gins 0.99
D-Dimer 37.98 (deleted) TT 0.69
CK 37.11 (deleted) APTT 0.69
Mg 35.85 (deleted) FIB 0.69
Drinking 27.82 K 0.33
Smoking 27.72 Glu 0.28
PT 18.85 RDW-SD 0.27
Cl 18.10 NEUT% 0.15
Ca 18.10 EOS% 0.15
Na 18.10 RDW-CV 0.15
LDH 17.75 RBC 0.15
HCT 17.73 Marriage 0.14
HGB 17.73 BMI 0.05
P-LCR 12.13

FT4: Free thyroxine; CK: Creatine kinase; PT: Prothrombin time;
LDH: Lactate dehydrogenase; HCT: Hematocrit; HGB: Hemoglobin;
P-LCR: Platelet-large cell ratio; TT: Thrombin time; APTT:
Activated partial thromboplastin time; FIB: Fibrinogen; Glu:
Glucose; RDW-SD: Red cell distribution width-standard deviation;
PLT: Platelets; NEUT% : Neutrophil percentage; EOS% : Eosinophil
percentage; RDW-CV: Red cell distribution width-coefficient of
variation; RBC: Red blood cell count; BMI: Body mass index.
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Tab.2 Baseline characteristics of the participants stratified by the quartiles of forced vital capacity (FVC)

Variable Overall Q1 Q2 Q3 Q4 P
Sample (n) 7720 1968 1911 1937 1904
FVC (L) 2.45+0.69 1.6+0.28 2.19+0.13 2.66+0.15 3.36+0.34 <0.001
Age (year) 68.56+6.27 71.25+6.83 68.68+6.20 68.01+5.76 66.22+5.03 <0.001
Gender (men) 4197 (54.4%) 354 (18.0%) 688 (36.0%) 1339 (69.1%) 1816 (95.4%)  <0.001
BMI (kg/m?) 25.09+7.38 25.1£7.63 25.17+7.65 25.04+7.15 25.04+7.09 0.94
Smoking 1762 (22.8%) 171 (8.7%) 324 (17%) 546 (28.2%) 721 (37.9%) <0.001
Drinking 551 (7.1%) 46 (2.3%) 97 (5.1%) 158 (8.2%) 250 (13.1%) <0.001
Marital status <0.001

Never married 43 (0.6%) 15 (0.8%) 13 (0.7%) 8 (0.4%) 7 (0.4%)

Married 7127 (92.3%) 1708 (86.8%) 1751 (91.6%) 1829 (94.4%) 1839 (96.6%)

Divorced/seperated/widowed 550 (7.1%) 245 (12.4%) 147 (7.7%) 100 (5.2%) 58 (3.0%)
Number of hospitalizations 1.81£2.37 1.81£2.22 1.73£1.98 1.89+2.93 1.81+2.22 0.22
Disease of respiratory system 626( 8.1%) 157 (8.0%) 135 (7.1%) 152 (7.8%) 182 (9.6%) 0.04
Hypertention 2559 (33.1%) 731 (37.1%) 622 (32.5%) 644 (33.2%) 562(29.5%)  <0.001
Diabetes 1189 (15.4%) 339 (17.2%) 286 (15.0%) 301 (15.5%) 263 (13.8%) 0.03
Stroke 392 (5.1%) 137 (7.0%) 86 (4.5%) 100 (5.2%) 69 (3.6%) <0.001
Pulmonary arterial hypertension 271 (3.5%) 158 (8.0%) 57 (3.0%) 35 (1.8%) 21 (1.1%) <0.001
CAD 837 (10.8%) 236 (12.0%) 199 (10.4%) 209 (10.8%) 193 (10.1%) 0.26
NEUT (%) 70.47+8.52 71.249.04 70.8448.1 70.08+8.64 69.734£8.16 <0.001
LDH (U/L) 243.67+412.54 269.884+303.08 237.514249.84 236.37+430.66 230.19+585.7 0.01
PT (s) 14.32+2.55 15.11£3.56 14.16+2.25 14.04+£1.97 13.96+1.85 <0.001
TT (s) 18.6+8.47 19.93+11.69 18.29+7.56 18.31£7.32 17.83+5.95 <0.001
EOS (%) 2.1£2.03 1.92+1.93 1.92+1.83 2.24+2.34 2.33+1.94 <0.001
P-LCR (%) 27.64+24.86 28.19+9.05 28.44+47.8 26.95+8.08 26.96+7.81 0.12
Cl(mmol/L) 105.09+2.98 104.92+3.21 105.29+3.01 105.09+2.82 105.05+2.86 0.002
APTT (s) 38.9+£7.35 40.27+9.51 38.3+6.85 38.55+6.39 38.43+5.87 <0.001
RDW-CV 0.14+0.02 0.14+0.03 0.14+0.02 0.1440.02 0.14+0.02 <0.001
RDW-SD (f1) 44.9+5.62 45.68+6.18 44.57+5.58 44.76+5.25 44.58+5.33 <0.001
HCT (%) 36.27+5.05 34.55+5.00 35.78+4.76 36.79+4.92 38.01+4.86 <0.001
RBC (x10"*/L) 4.03+0.64 3.874+0.64 3.99+0.62 4.08+0.64 4.19+0.63 <0.001
Glu (mmol/L) 6.3+1.85 6.5442.02 6.33+1.82 6.22+1.81 6.08+1.69 <0.001
PLT (x10°/L) 212.03+71.58 212.43+75.93 215.59+73.07 212.8+70.48 207.24+66.14 0.004
FIB (g/L) 3.74+1.00 3.87+0.99 3.75+0.99 3.73+1.00 3.6+0.98 <0.001
HGB (g/L) 119.59£17.28 113.18+16.87 117.71£16.14 121.49+16.8 126.17+16.57  <0.001
Ca (mmol/L) 2.23+0.12 2.23+0.12 2.23+0.12 2.2340.11 2.22+0.12 0.04
Na (mmol/L) 139.21+3.19 139.36+3.25 139.34+3.36 139.17+2.95 138.97+3.15 <0.001
K (mmol/L) 3.85+0.46 3.87+0.40 3.83+0.44 3.83+0.39 3.86+0.59 0.007

FVC: Forced vital capacity; BMI: Body mass index; NEUT%: Neutrophil percentage; LDH: Lactate dehydrogenase; PT: Prothrombin time; TT:
Thrombin time; EOS%: Eosimophil; P-LCR: Platelet-large cell ratio; Cl: Chloride; APTT: Activated partialthromboplastin time; RDW-CV: Red
cell distribution width-coefficient of variation; RDW-SD: Red cell distribution width-standard deviation; HCT: Hematocrit; RBC: Red blood
cell count; Glu: Glucose; PLT: Platelets; FIB: Fibrinogen; HGB: Hemoglobin; Ca: Calcium; Na: Sodium; K: Kalium
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Tab.3 Baseline characteristics of the participants stratified by the quartiles of forced expiratory volume in 1 second (FEV,)

Variable Overall Q1 Q2 Q3 Q4 P
Sample 7720 1971 1932 1904 1913
FEV, (L) 1.99+0.54 1.32+0.24 1.8+0.1 2.16+0.11 2.69+0.26 <0.001
Age (year) 68.56+6.27 71.82+6.75 68.82+6.17 67.59+5.56 65.91+4.83 <0.001
Gender (men) 4197 (54.4%) 474(24%) 728 (37.7%) 1193 (62.7%) 1802 (94.2%)  <0.001
BMI (kg/m®) 25.09+7.38 24.81+7.5 25.1£7.42 25.23+7.48 25.2247.12 0.24
Smoking 1762 (22.8%) 254 (12.9%) 379(19.6%) 462 (24.3%) 667 (34.9%) <0.001
Drinking 551 (7.1%) 63 (3.2%) 100 (5.2%) 132 (6.9%) 256 (13.4%) <0.001
Marital status <0.001
Never married 43 (0.6%) 16 (0.8%) 13 (0.7%) 4(0.2%) 10 (0.5%)
Married 7127 (92.3%) 1716 (87.1%) 1759 (91%) 1799 (94.5%) 1853 (96.9%)

Divorced/seperated/widowed
Number of hospitalizations
Disease of respiratory system
Hypertention
Diabetes
Stroke
Pulmonary arterial hypertension
CAD
NEUT (%)

LDH(U/L)
PT (s)

TT (s)

EOS (%)
P-LCR (%)
Cl (mmol/L)
APTT (s)
RDW-CV
RDW-SD (fl)
HCT (%)
RBC (x10"*/L)
Glu (mmol/L)
PLT (x10°/L)
FIB (g/L)
HGB (g/L)
Ca (mmol/L)
Na (mmol/L)

K (mmol/L)

550 (7.1%)
1.8142.37
626 (8.1%)
2559 (33.1%)
1189 (15.4%)
392 (5.1%)
271 (3.5%)
837 (10.8%)
70.47+8.52
243.67+412.54
14.3242.55
18.64+8.47
2.1+2.03
27.64+24.86
105.092.98
38.9+7.35
0.14+0.02
44.9+5.62
36.2745.05
4.03+0.64
6.31.85
212.03+71.58
3.74+1
119.59+17.28
2.23+0.12
139.2143.19
3.85+0.46

239 (12.1%)
1.87+2.23
212 (10.8%)
713 (36.2%)
317 (16.1%)
132 (6.7%)
150 (7.6%)
238 (12.1%)
71.1149
269.324327.14
15.0343.5
19.73£11.39
2.05+2.04
29.14+47.23
104.84+3.2
40.38+9.38
0.14+0.03
45.86+6.32
34.59+5.08
3.8620.65
6.46+1.99
212.39477.02
3.88+0.99
113.27+17.11
2.23+0.12
139.22+3.18
3.87+0.4

160 (8.3%)
1.77+2.13
151 (7.8%)
645 (33.4%)
295( 15.3%)
98 (5.1%)
67 (3.5%)
205 (10.6%)
70.74+8.48
251.35+393.6
14.2242.33
18.24+6.98
1.9542.2
26.98+8.07
105.25+3.04
38.4+6.8
0.14=0.02
44.72+5.56
35.7744.85
440.64
6.4+1.82
218.53+74.39
3.79+1.02
117.66+16.38
2.23+0.11
139.36+3.42
3.8320.4

101 (5.3%)
1.8422.53
125 (6.6%)
621 (32.6%)
294 (15.4%)
98 (5.1%)
30 (1.6%)
200 (10.5%)
70.2648.39
225.9+301.33
13.991.93
18.37+7.93
2.111.88
27.1448.15
105.182.78
38.3546.37
0.140.02
44.62+5.19
36.73+4.88
4.062:0.62
6.18+1.8

212.34+67.7

3.7+0.97
121.39+16.72
2.23+0.12
139.23+2.9
3.83+0.42

50 (2.6%)
1.76+2.56 0.43
138 (72%)  <0.001
580 (30.3%)  0.002
283 (14.8%)  0.74
64(33%)  <0.001
24(13%)  <0.001
194 (10.1%) 022
69.73+8.1 <0.001

227.18+573.27  0.002

14.02+£1.94 <0.001
18.03+6.52 <0.001
2.3+1.96 <0.001

27.25+7.86 0.02

105.09+2.88 <0.001
38.41+6.11 <0.001
0.14+0.02 <0.001
44.4+5.19 <0.001
38.06+4.73 <0.001
4.21+0.62 <0.001
6.14+1.76 <0.001
204.77£65.79  <0.001
3.58+0.98 <0.001
126.26+16.17  <0.001
2.22+0.11 0.29

139.03+3.22 0.01
3.86+0.6 0.01

FEV: Forced expiratory volume in the first second; BMI: Body mass index; NEUT%: Neutrophil percentage; LDH: Lactate dehydrogenase; PT:
Prothrombin time; TT: Thrombin time; EOS%: Eosimophil; P-LCR: Platelet-large cell ratio; Cl: chloride; APTT: Activated partialthromboplastin
time; RDW-CV: Red cell distribution width-coefficient of variation; RDW-SD: Red cell distribution width-standard deviation; HCT: Hematocrit;
RBC: Red blood cell count; Glu: Glucose; PLT: Platelets; FIB: Fibrinogen; HGB: Hemoglobin; Ca: Calcium; Na: Sodium; K: Kalium.
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Fig. 1 LASSO regression screening of predictive variables and selection of the optimal parameters A A: LASSO regression

coefficient trajectory plot for FVC. B: Binomial deviance plot for optimal A selection in LASSO regression (FVC). C: LASSO

regression coefficient trajectory plot for FEV,. D: Binomial deviance plot for optimal A selection in LASSO regression (FEV,).
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Tab.4 Performance comparison of the 5 models for predicting FVC and FEV, (imputed dataset)
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Model r IcC MSE RMSE MAE
FVC
LR 0.728 0.695 0212 0.461 0.365
RF 0.727 0.691 0213 0.462 0.366
XGBoost 0.733 0.694 0210 0.459 0.364
GBM 0.728 0.692 0.211 0.460 0.364
SVR 0.721 0.694 0218 0.467 0.368
FEV,
LR 0.709 0.666 0.141 0376 0.292
RF 0.701 0.659 0.140 0374 0.293
XGBoost 0.711 0.668 0.136 0.369 0.291
GBM 0.708 0.665 0.142 0.380 0.296
SVR 0.688 0.662 0.146 0.382 0.297

ICC: Intraclass correlation coefficient; MSE: Mean squared error; RMSE: Root mean square error; MAE: Mean absolute
error; LR: Linear regression; RF: Random forest; XGBoost: Extreme gradient boosting; GBM: Gradient boosting machine;
SVR: Support vector regression.
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Fig.2 Performance of XGBoost model for predicting FVC and FEV, A: Scatter plot of predicted vs measured FVC. B:
Bland-Altman plot of FVC predictions. C: Scatter plot of predicted vs measured FEV,. D: Bland-Altman plot of FEV,
predictions.
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Tab.5 Performance comparison of the 5 models for predicting FVC and FEV, (complete dataset)
Model r ICC MSE RMSE MAE
FvC
LR 0.677 0.639 0.264 0.514 0.399
RF 0.674 0.595 0.268 0.518 0.403
XGBoost 0.668 0.621 0.269 0.519 0.403
GBM 0.671 0.628 0.268 0.517 0.402
SVR 0.659 0.636 0.281 0.530 0.410
FEV,
LR 0.695 0.655 0.149 0.386 0.304
RF 0.679 0.634 0.155 0.394 0.312
XGBoost 0.683 0.633 0.154 0.39 0.311
GBM 0.685 0.639 0.153 0.391 0.308
SVR 0.700 0.668 0.147 0.384 0.304
FVC: Forced vital capacity; FEV: Forced expiratory volume in the first second; ICC: Intraclass correlation
coefficient; MSE: Mean squared error; RMSE: Root mean square error; MAE: Mean absolute error; LR:
Linear regression; RF: Random forest; XGBoost: eXtreme gradient boosting; GBM: Gradient boosting
machine; SVR: Support vector regression.
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Fig.3 Feature importance and beeswarm plots of the XGBoost model. A: Feature importance bar plot of FVC. B:
Feature importance bar plot of FEV,. C: Beeswarm plots of FVC. D: Beeswarm plots of FEV,.
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Fig.4 SHAP force plot of XGBoost model for predicting FVC and FEV, (single sample explanation). A: SHAP contribution
decomposition for FVC prediction. B: SHAP contribution decomposition for FEV, prediction.

3R 6 XGBoost HIKBE T4 &E
Tab.6 Risk prediction performance of XGBoost

Index Cut-off values (%) Sensitivity Specificity AUC
Clinical cut-off value
FVC% 80 0.540 0.740 0.688
FEV % 80 0.440 0.809 0.688
Model cut-off value
FVC% 82.93 0.645 0.645 0.700
FEV % 85.46 0.651 0.651 0.706
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Fig.5 ROC and Confusion matrix based on XGBoost. A: ROC of FVC% . B: Confusion matrix of
FVC%. C:ROC of FEV %. D: Confusion matrix of FEV,%.
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