Supplementary Methods: Technical Architecture and Data Security
The platform was developed using a Java-based microservice architecture and deployed through a hybrid web and native mobile application framework. It supported access through smartphones, tablets, and web browsers. Data security and privacy protection were maintained through encrypted data transmission and storage, identity authentication, role-based access control, and secure cloud infrastructure in accordance with applicable institutional and regulatory requirements.

Supplementary Methods: Illustrative Individualized Prehabilitation Prescription
As a hypothetical illustrative example, a 58-year-old man scheduled to undergo laparoscopic radical resection for rectal cancer received an individualized prehabilitation prescription based on his baseline functional status, cardiopulmonary condition, smoking history, muscle strength, fall risk, and nutritional requirements.
The patient had a history of chronic obstructive pulmonary disease and was a current smoker. His forced expiratory volume in 1 second was approximately 50% of the predicted value. His habitual physical activity consisted mainly of walking, his resting heart rate was approximately 70 beats/min, and his baseline respiratory muscle strength was considered preserved. Nutritional assessment suggested increased energy and protein requirements.
The individualized prehabilitation prescription comprised the following components:
1. Medical and lifestyle guidance: The patient received counseling on perioperative management of chronic obstructive pulmonary disease and was strongly advised to stop smoking immediately. Smoking-cessation education focused on the potential benefits of reducing airway irritation, sputum production, and perioperative pulmonary risk. Continuation and optimization of prescribed inhaled therapy were recommended according to the treating physician’s assessment.
2. Aerobic exercise: Aerobic exercise was prescribed three times per week. Each session consisted of a 5-minute warm-up followed by 25 minutes of brisk walking at a target heart rate of approximately 134 beats/min. Exercise intensity was also monitored using the Borg Rating of Perceived Exertion, with a target range of 13–16. The patient was instructed to reduce exercise intensity or stop training if marked dyspnea, chest discomfort, dizziness, or other concerning symptoms occurred.
3. Resistance exercise: Resistance training was prescribed twice per week using a level 3 video-guided elastic-band program. The exercises included wall sits, resistance-band chest presses, seated resistance-band rows, resistance-band leg presses, and quadruped core exercises. These exercises targeted the lower limbs, chest, back, gluteal muscles, and core. Each exercise was generally performed for 10 repetitions per set, with a 90-second rest interval between sets.
4. Respiratory training: Respiratory training was prescribed at least twice daily. Because the patient had chronic obstructive pulmonary disease but preserved respiratory muscle strength, the program focused on breathing control, airway clearance, and lung expansion rather than high-intensity inspiratory muscle loading. Each session included three video-guided exercises: diaphragmatic breathing, the active cycle of breathing technique, and training with a three-ball respiratory trainer. The total duration of each session was approximately 10 minutes.
5. Nutritional support: The patient received individualized dietary counseling and was advised to maintain adequate energy intake and increase the consumption of high-quality protein. Because nutritional assessment indicated increased requirements, oral nutritional supplementation providing an additional 400–600 kcal/day was prescribed. Whey protein supplementation was recommended in conjunction with resistance exercise.
6. Psychological support: The patient was encouraged to perform daily music-based relaxation using self-selected soothing music in a quiet environment to reduce preoperative anxiety and improve engagement with the overall program.
The prescription was delivered through the digital platform, which provided instructional videos, scheduled reminders, progress monitoring, and communication with the clinical team. The intervention could be modified according to the patient’s tolerance, symptom burden, and task completion during the preoperative period.
