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[ Abstract] Objective To explore the influencing factors of mild cognitive impairment
(MCI) in hospitalized elderly patients with multiple comorbidities, and to construct a MCI risk
prediction model based on machine learning (ML) methods. Methods The study included elderly
patients with multiple comorbidities admitted to the First Affiliated Hospital of Xinjiang Medical

University as research subjects. Single factor analysis and least absolute shrinkage and selection
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operator regression algorithms were used to screen for MCI risk factors. Nine different ML methods were used,
including random forest, light gradient boosting machine, extreme gradient boosting, Logistic regression,
K-nearest neighbor classification algorithm, support vector machine, artificial neural network, decision tree, and
elastic network regression algorithm, to construct MCI risk prediction models. Shapley addition explanation
(SHAP) algorithm was used to explain the final model. Results A total of 920 hospitalized elderly patients with
multiple comorbidities were included, including 261 cases in the MCI group. The random forest model had the
best predictive performance, with a higher area under the receiver operating characteristic curve than other
models. The SHAP algorithm identified the age, comorbidities, education level, and cerebrovascular disease
in the random forest model as key decision factors for predicting MCI in hospitalized elderly patients with
multiple comorbidities. The calibration curve showed that the predictive performance of the model was basically
consistent with the actual results, and the decision curve indicated that the model had good clinical applicability.
Conclusion Advanced age, increased comorbidities, and cerebrovascular disease are risk factors for MCI in
hospitalized elderly people with multiple comorbidities. High educational level is a protective factor for MCI in
hospitalized elderly people with multiple comorbidities. Based on machine learning algorithms, the prediction
model for MCI risk using random forest has the best predictive performance and good clinical applicability,
which can assist in cognitive management and more accurate medical intervention for more efficient elderly
comprehensive assessment in clinical practice.

[Keywords ] Mild cognitive impairment; Coexistence of multiple illnesses; Machine learning;
Predictive model; Shapley addition explantation algorithm
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Table 1. Comparison of general information between MCI and non MCI groups (r, %)

ApiE B (n=920) EMCTZ (7=659 ) MCIZH (n=261) HZIH Pl
BMI (kg *m™) "~ 25.17 + 4.02 25.19 + 4.02 25.12 £ 4.01 0.239 0.811
() 7 75.00 (68.00, 81.00)  72.00 (66.00, 79.00) 80.00 (75.00, 84.00) -12.322  <0.001

B (m) ™
IAE (kg) -
e (mmHg) ™

1.63 (1.58, 1.70)
67.00 (59.00, 76.00)

1.64 (1.58, 1.70)
67.00 (60.00, 76.00)
135.00 (123.00, 148.00) 135.00 (123.00, 147.00) 136.00 (123.00, 148.00) -0.395 0.693

1.62 (1.58, 1.69) -1.324 0.186
66.00 (59.00, 75.00) -1.080 0.280

AFIKE (mmHg) ™ 69.00 (63.00, 77.00) 70.00 (63.00, 77.00) 67.00 (61.00, 76.00) -1.856 0.064
JERE (em) ™ 94.20 (86.00, 101.00)  94.20 (86.00, 102.00)  93.90 (87.00, 100.00) -0.556 0.579
Mok (Fh) ™ 4.00 (3.00, 4.00) 3.00 (3.00, 4.00) 4.00 (3.00, 5.00) -6.228 <0.001
FRZ5FE (Fh) ™ 5.50 (4.00, 7.00) 5.00 (3.00, 7.00) 6.00 (4.00, 7.00) -1.139 0.255
25 BRI (mmol + L) 5.43 (496, 6.34) 541 (497, 6.30) 5.43 (4.93, 6.50) -0.492 0.622
BEA (gL 67.25 (63.23, 71.50) 67.30 (63.50, 71.53) 66.95 (62.75, 70.83) -1.005 0.315
JRZ (mmol - 17') ™ 5.77 (4.70, 7.10) 5.80 (4.80, 7.10) 5.70 (4.70, 7.00) -0.799 0.424
WUEF (mmol + 17') ™ 72.41 (61.43, 87.70) 73.00 (62.00, 88.10) 71.50 (59.50, 84.00) -1.137 0.255

JRIZ ( mmol + L™

303.90 (251.45, 370.51) 305.40 (252.30, 377.99) 298.89 (249.40, 353.00) -1.551 0.121

258D (mmol - L) 7 3471 (23.85, 47.75) 3521 (24.02, 48.43) 33.55 (22.98, 46.78) -0.926 0.354
£ 1.320 0.251
3 433 (47.07) 318 (48.25) 115 (44.06)
& 487 (52.93) 341 (51.75) 146 (55.94)
SRR 29.931 <0.001
XH 86 (9.35) 44 (6.68) 42 (16.09)
INEE 185 (20.11) 119 (18.06) 66 (25.29)
rheg UL 649 (70.54) 496 (75.27) 153 (58.62)
TSR 5216 0.022
By 735 (79.89) 539 (81.79) 196 (75.10)
RIS/ ES IS 185 (20.11) 120 (18.21) 65 (24.90)
JEAAE O 2.707 0.100
ENEH 818 (88.91) 593 (89.98) 225 (86.21)
MR B 102 (11.09) 66 (10.02) 36 (13.79)
el) 0.770 0.380
AN 827 (89.89) 596 (90.44) 231 (88.51)
(el 93 (10.11) 63 (9.56) 30 (11.49)
M2 A 3.097 0.078
AN K 829 (90.11) 601 (91.20) 228 (87.36)
W A 91 (9.89) 58 (8.80) 33 (12.64)
eI 640 (69.57) 448 (67.98) 192 (73.56) 2751 0.097
=5 15 226 (24.57) 159 (24.13) 67 (25.67) 0.240 0.624
IR 330 (35.87) 222 (33.69) 108 (41.38) 4.809 0.028
SEE O 415 (45.11) 282 (42.79) 133 (50.96) 5.035 0.025
ik M 523 (56.85) 350 (53.11) 173 (66.28) 13224 <0.001
FRORR IR 128 (13.91) 87 (13.20) 41 (15.71) 0.981 0.322
I G s 89 (9.67) 62 (9.41) 27 (10.34) 0.188 0.665
IR 125 (13.59) 82 (12.44) 43 (16.48) 2.589 0.108
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Figure 1. Lasso regression screening for predictive factors
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Table 2. Performance comparison of 9 machine learning prediction models

R G/ AUC HER RUE o PPV NPV F15341

RF VIIEzRS 0.838 0.764 0.827 0.701 0.734 0.806 0.777
AR 0.831 0.798 0.843 0.753 0.774 0.829 0.806

LightGBM VIlEz%S 0.816 0.749 0.796 0.703 0.729 0.778 0.760
A 0.809 0.747 0.848 0.647 0.705 0.811 0.770
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gk
5 Kige AUC HER RIS S PPV NPV F17340
XGBoost BI[[E7=S 0.821 0.770 0.818 0.722 0.746 0.801 0.780
RS 0.813 0.768 0.818 0.718 0.744 0.797 0.779
Logistic[H] 5 YIZRAE 0.783 0.713 0.735 0.690 0.706 0.722 0.719
Mt 0.764 0.697 0.727 0.667 0.685 0.712 0.704
KNN plIE7RCS 0.821 0.748 0.809 0.688 0.722 0.786 0.762
RS 0.805 0.742 0.798 0.687 0.718 0.774 0.755
SVM HERS 0.790 0.760 0.799 0.722 0.742 0.787 0.768
Mt 0.805 0.747 0.782 0.712 0.732 0.771 0.755
ANN NERS 0.798 0.726 0.803 0.649 0.697 0.769 0.745
Mg 0.759 0.692 0.727 0.656 0.681 0.709 0.701
et HERS 0.788 0.748 0.783 0.714 0.732 0.769 0.756
Mt 0.774 0.760 0.752 0.768 0.763 0.760 0.756
EN NERS 0.757 0.703 0.818 0.588 0.665 0.764 0.733
S 0.731 0.500 1.000 0.000 0.500 0.500 0.667
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Figure 2. ROC curves of 9 machine learning prediction models
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Figure 3. Calibration curves of 9 machine learning prediction models
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