Al-Integrated Initial CPET Segment-Based Exercise Prescription
in Cardiac Rehabilitation
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Introduction

* Cardiopulmonary exercise testing (CPET) 1s 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

11. Data Used
* First 1.5-2 min of CPET (51 variables)

I11. Study Worktlow (3 Modules)
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Figure 1. Study Framework for AI-Based Early CPET-
Integrated Exercise Intensity Prediction

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-
SET1ES
» Extracted via ShapeNet representation learning
* Selected based on ability to distinguish classes
* Patient data transformed 1nto 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
limaits

 Performance metrics: MAE, RMSE, MAPE

I. Optimal shapelets: 20 for best class discrimination

Integrated Model

I1. Prediction Performance

* Integrated model outperformed Shapelet-only and
Medical-only models across all experiments

Table 1. Prediction Performance of Exercise Intensity Range in

Upper Limit MAE

Lower Limit MAE

HR (bpm)

10-11

9-10

MET

0.7-0.9

0.6-0.8

. HE. Upper HE Lower &
Sefting Model MAE R_I»-ISLE MAPE MAE RMSE MAPE || oHieates
CatBoost 12742036 16542048 1006=008 | 11.722007 15022078 1253=1.35
HistGB 13712031 17502022 1176004 | 12.40=045 1678 =0.63 13.22=1.31
Shapeet Oty |HERGBM 13462029 17372023 11552015 |12382029 16682037 13.18=114 2
RandomForest | 1215045 15032060 1048+027 |11.26=016 15442087 12.12=136
XGBoost 13202022 1680=025 1136<0.16 |11.96=022 16.11=0.61 12.60=1.728
Average 13.052033 1686=037 11222014 |11.042024 16.19=0.65 12.75=1.29
CatBoost 1150=1.05 1555=146 000=100 | 1060085 1501=1.60 11.42=208
HistGB 12052127 1626=163 1020122 | 11182071 1572178 12.05=2.04
Medical Onty | HERIGBM 11802109 16055140 1006+107 |10.732073 1534161 11632206 -
RandomForest | 11.38=107 1540=151 981=111 |1054=086 1488=172 11432210
XGBoost 11822130 1601=166 10.10=127 |1002+005 15421905 11.60=2.16
Average 11.7321.16 1586=153 10.03=1.15 |10.80=082 1527=175 11.65=2.00
CatBoost 11152078 1511=134 058=001 |1031=051 1450=147 1L.13=173
HistGB 1116 =0.81 15.08=140 054080 | 000=052 1433148 10.82=1.76
- |LisntGBM 10.08=0.67 1493=123 038078 |10.02=051 1438=145 10.80=1.75
Shapelet + Medical Rlidumfmest 10732065 1465=110 021=081 | 095=047 1430=130 1090=1.70 190
XGBoost 1082 20,64 1451=112 0232079 | 0702053 1416=145 10.61=1.70
Average 1097071 1486126 ©930+084 |900+05] 14.33+1.451087+1.73
. METs Upper METs Lower .
Seftng Model MAE RMSE MAPE MAE RMSE MAPE | T Of features
CatBoost 0.06 = 0.08 140027 10722076 | 086006 125023 2181025
HistGEB 1.01 =006 147022 21004116 | 094007 133016 2391121
Shapelet Only LightGBM 000008 147021 2057169 | 094008 1372015 2376< 1.?3 20
RandomF orest 006 = 0.07 1432034 2025024 | 091008 140036 2374+£051
XGBoost 100=000 148035 21102085 | 0952007 146=020 2470037
Average 008008 1452028  2054=004 | 0022007 1362024 23582086
CatBoost 086003 124026 1862124 | 077003 111020 2061+£201
HistGB 0.88 £ 0.05 1.20£0.30 1008130 | 079004 118021 2098090
Medical Onlv LightGBM 0.90 £ 0.05 1.30£0.29 19.5'_6 =101 | 078003 1.18+£0.21 Eﬂ.l? +0.79 170
*  |RandomF orest 0.90 = 0.07 1312034 1051113 | 084007 122021 265+£327
XGBoost 0.88 003 128027 1800119 | 0770035 116018 2035+£297
Average 088005 1282020 1011=119 | 0702005 1172020 2098=199
CatBoost 0.70 £ 0.06 1.08+£033 1430030 | 0620035 005025 150014
HistGB 0.60 005 1.08 =030 1420028 | 068004 103017 1737+£0097
, . |LightGBEM 0.70=0.03 1.11+0.29 1444044 | 068003 103018 1748122
Shapelet + Medical) - \domForest 076=008 1142032 15842085 | 0712007 1042024 1830=1.38 190
XGBoost (.70 = 0.08 1.10+£0.35 1431082 | 068004 1.14+0.21 16911131
Average 0.71 £0.06 1.10 £ 0.32 14.65 £ 0.56 | 0.67 £ 0.05 1.04£0.21 17.19+1.27
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111. Feature Importance
* Early VO2 dynamics

Shapelet 12 (Feature: VO2)

\/\/

8

Shapelet 14 (Feature: FAT)

/_/\

6

67.5

65.0

27.5
25.0

 Fat oxidation-related variables

Figure 2. Prediction Performance of Exercise Intensity Range
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Figure 3. Representative Shapelets Derived from the Initial
CPET Segment (VO,, HR, Fat Oxidation VE/VO,)

Conclusion

* Physiological signatures derived from the initial 1.5—
2-minute segment of CPET contain clinically
meaningful information.

* This approach may facilitate precision cardiac
rehabilitation and development of real-time clinical
decision-support system

* Shapelet-based time-series analysis integrated with
clinical data enables accurate estimation of
individualized exercise intensity ranges, even 1n
patients unable to complete maximal CPET.
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