
I. Optimal shapelets: 20 for best class discrimination 

II. Prediction Performance

• Integrated model outperformed Shapelet-only and 

Medical-only models across all experiments 

III. Feature Importance

• Early VO₂ dynamics 

• HR trajectory 

• VE/VCO₂ 

• Fat oxidation-related variables 
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Introduction Result

• Cardiopulmonary exercise testing (CPET) is the gold 

standard for prescribing exercise intensity in cardiac 

rehabilitation (CR), but many patients—especially 

elderly or frail—cannot complete maximal tests.

Objective

• Develop and evaluate a machine learning model that 

combines early CPET patterns (shapelets) with clinical 

data to predict individualized HR and MET ranges for 

exercise prescription.

Method

I. Study Population

• Retrospective cohort: 336 patients, 826 CPET tests 

(2020–2024) 

• After clinical data matching: 310 patients, 462 CPET 

tests analyzed 

II. Data Used

• First 1.5–2 min of CPET (51 variables) 

III. Study Workflow (3 Modules)

 1. Class Definition (Physiological Phenotypes) 
• Cluster patients using VO₂max, HRmax, METmax, 

Fatmax 

• Two classes: 

▪ Low-performance (below-average metrics) 

▪ High-performance (above-average metrics) 

 2. Shapelet Extraction & Selection 
• Shapelets = distinctive short-term patterns in CPET time-

series 

• Extracted via ShapeNet representation learning 

• Selected based on ability to distinguish classes 

• Patient data transformed into feature vectors using 

minimum distance to shapelets 

 3. Exercise Intensity Prediction 
• Combine shapelet features with clinical/demographic data 

• Machine learning models: CatBoost, Random Forest, 

XGBoost, LightGBM, HistGB 

• 3-fold cross-validation 

• Model types: Shapelet-Only, Medical-Only, Integrated 

(Shapelet + Clinical) 

IV. Outcomes & Metrics

• Predicted: HR upper/lower limits, MET upper/lower 

limits 

• Performance metrics: MAE, RMSE, MAPE

Conclusion

• Physiological signatures derived from the initial 1.5–

2-minute segment of CPET contain clinically 

meaningful information.

• Shapelet-based time-series analysis integrated with 

clinical data enables accurate estimation of 

individualized exercise intensity ranges, even in 

patients unable to complete maximal CPET.

• This approach may facilitate precision cardiac 

rehabilitation and development of real-time clinical 

decision-support system

Figure 3. Representative Shapelets Derived from the Initial 

CPET Segment (VO2, HR, Fat Oxidation VE/VO2)

Figure 2. Prediction Performance of Exercise Intensity Range

Upper Limit MAE Lower Limit MAE

HR (bpm) 10-11 9-10

MET 0.7-0.9 0.6-0.8
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Figure 1. Study Framework for AI-Based Early CPET-

Integrated Exercise Intensity Prediction

Table 1. Prediction Performance of Exercise Intensity Range in 

Integrated Model
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