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Feasibility of machine learning models based on multi-band low frequency amplitude in evaluating abnormal brain activity in
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[Abstract] Objective: The aim of this study was to investigate the feasibility of machine learning models constructed
based on multi-band amplitude of low-frequency fluctuations (ALFF) from resting-state MRI in evaluating abnormal brain
activity in patients with stable chronic obstructive pulmonary disease (COPD).Methods:38 COPD patients (patient group)
and 38 age-, sex-, and education-matched healthy controls ( HC group) were prospectively enrolled in our hospital from
March 2023 to November 2024.The results of pulmonary function test,the Montreal cognitive assessment scale (MoCAs)
scores,and resting-state functional magnetic resonance imaging (rs-fMRI) data of each subject were collected. The diffe-
rence in clinical data,including gender,age,education level,and MoCAs scores,was compared between the two groups.The
inter-group difference in amplitude of low-frequency fluctuation ( ALFF) values of AAL-116 brain regions in the conven-
tional and various slow-frequency bands were also analyzed.Taken the ALFF values from different frequency bands of the
AAL-116 atlas as feature vectors, three machine learning (ML) methods were used to construct predicting models for
COPD, including support vector machine (SVM), extreme gradient boosting ( XGBoost), and random forest (RF).Model
performance was evaluated using four metrics:accuracy,recall, Fl-score,and the area under the receiver operating characte-
ristic curve (AUC).Results: No statistically significant differences were observed in demographic characteristics,such as age
and gender, between the COPD group and the control group (P >>0.05).Pulmonary function parameters, including FVC,
FEV1 and FEV1/FVC, were significantly lower in the COPD group compared with the HC group (P <0.001).Moreover,
the COPD group demonstrated significantly lower MoCAs score (24.63 vs. 27.16,P <C0.001), with notable declines in the
domains of visuospatial/executive function, naming, attention, abstraction, and delayed recall (P <C0.05). Multi-frequency
band ALFF analysis of whole-brain revealed that abnormal amplitude of low-frequency fluctuations in multiple brain regions
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(e.g.,the right middle orbital frontal gyrus,cerebellum,and putamen) in COPD patients. Among machine learning models,

the RF model achieved the best performance for COPD classification (accuracy=281.25% , AUC=0.891).Furthermore, the

model utilizing features from the slow-4 frequency band demonstrated the highest predictive efficacy among all band-specific

models (accuracy=287.50% , AUC=0.890).Conclusion: The integrated strategy combining multi-frequency band whole-brain

ALFF analysis with machine learning methods demonstrates feasibility in the study of heterogeneous brain disorders. The

slow-4 frequency band may represent the optimal observational window for investigating cerebral functional alterations in

COPD.

[Key words] Chronic obstructive pulmonary disease; Amplitude of low-frequency fluctuations; Machine learning;

Multiband analysis; Rest-state magnetic resonance imaging
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