Supplementary Appendix 2
Structured Physical Exercise Program

I. Conceptual Rationale for the Physical Exercise Program
A standardized physical exercise program was implemented identically across both study groups in order to minimize the potential influence of physical activity on cognitive outcomes. This design approach was intended to reduce physical-activity-related confounding and improve internal validity by ensuring comparable exposure to supervised exercise throughout the intervention period.
II. Overall Structure of the Physical Exercise Program
Two-Phase Exercise Framework
The physical exercise program was implemented using a two-phase structure consisting of an initial hospital-based supervised phase followed by a home-based remotely supervised phase.
Phase 1 (Weeks 1–12) comprised supervised exercise sessions conducted at the hospital under direct guidance from trained research personnel. This phase emphasized standardized exercise delivery, safety monitoring, and familiarization with exercise procedures.
Phase 2 (Week 13 onward) transitioned participants to a home-based exercise program with remote supervision. This phase was designed to support long-term exercise continuation while maintaining equivalent physical activity exposure across study groups.
Exercise Frequency and Overall Training Dose
The exercise program was performed three times per week throughout both intervention phases. This frequency was selected to achieve a total exercise dose compatible with the World Health Organization recommendations for physical activity in older adults.
From week 3 onward, the program was designed to achieve approximately 150 minutes of moderate-intensity physical activity per week through a combination of supervised and home-based exercise sessions.

III. Hospital-Based Supervised Exercise Phase (Weeks 1–12)
Standardized Session Architecture
Each supervised exercise session followed a standardized three-component structure consisting of 1) warm-up, 2) main aerobic exercise, and 3) cool-down. This structure was designed to promote exercise safety, physiological preparation, controlled aerobic training, and gradual recovery in older adults with mild cognitive impairment.
Warm-up Component
The warm-up phase lasted approximately 10 minutes and consisted of chair-supported mobility and range-of-motion exercises performed in a seated position to enhance safety and reduce fall risk. Exercises targeted the shoulders, trunk, hips, and lower extremities through repetitive multidirectional movements intended to increase joint mobility, stimulate circulation, and prepare participants for aerobic exercise.
The warm-up sequence included circular shoulder rotations, shoulder abduction-adduction movements, trunk rotations, forward trunk flexion, and alternating seated knee lifts. Each movement was performed in a slow and controlled manner with repeated bilateral repetitions while maintaining stable seated posture and continuous breathing.
This component additionally served as a safety-oriented preparation phase by facilitating gradual cardiovascular activation, reducing musculoskeletal stiffness, and allowing research personnel to monitor participant tolerance before initiation of the main aerobic exercise session.
Main Aerobic Exercise
The main aerobic component consisted of stationary cycling performed under direct supervision using a moderate-intensity exercise prescription. Participants were instructed to maintain a stable seated posture and a continuous pedaling rhythm while controlling breathing throughout the exercise period.
Exercise duration was progressively increased during the initial intervention phase, beginning at 10 minutes per session during week 1 and increasing incrementally to 20 minutes during week 2 and 30 minutes from week 3 onward. For participants with reduced physical tolerance, exercise duration could be divided into shorter intervals of at least 10 minutes while maintaining the target overall exercise dose.
To reduce injury risk and improve exercise safety, bicycle seat height was individually adjusted to maintain slight knee flexion at the lowest pedal position. Research personnel continuously monitored participant tolerance, posture, breathing pattern, and exercise intensity throughout the session.
The aerobic component was prescribed at moderate intensity using heart rate reserve and perceived exertion targets as described below.
Cool-down Component 
The cool-down phase lasted approximately 10 minutes and consisted of chair-supported stretching and flexibility exercises intended to facilitate gradual physiological recovery following aerobic exercise. Exercises targeted major muscle groups of the trunk, upper extremities, hips, thighs, and lower legs through slow sustained stretching movements.
The cool-down sequence included overhead trunk and arm stretching, seated thoracic extension, seated thigh-to-chest stretching, hip and posterior-leg stretching, and forward trunk flexion with chair support. Stretching positions were performed slowly and maintained for approximately 30 seconds while participants were instructed to breathe continuously and avoid abrupt movements.
This component was designed to promote recovery-oriented muscle relaxation, reduce post-exercise muscular stiffness, facilitate gradual cardiovascular recovery, and minimize discomfort following aerobic exercise participation.
IV. Exercise Intensity Prescription and Monitoring
Heart Rate Reserve–Based Intensity
Exercise intensity was prescribed at a moderate level corresponding to 40–59% of heart rate reserve, consistent with the American College of Sports Medicine recommendations for older adults. Participants wore optical heart-rate monitoring devices during supervised exercise sessions to facilitate continuous monitoring of cardiovascular response and maintenance of target exercise intensity.
Rating of Perceived Exertion (RPE)
Exercise intensity was additionally monitored using the Rating of Perceived Exertion (RPE) scale, with a target exertion level of 4–6 on a 10-point scale. Participants were instructed to use subjective exertion perception to guide exercise pacing and self-adjust intensity in order to avoid excessive fatigue while maintaining moderate physical effort.
Safety Monitoring
Safety monitoring was performed throughout supervised exercise sessions using continuous heart-rate observation, fatigue surveillance, and direct researcher supervision. Participants were additionally monitored for symptoms of excessive exertion, instability, discomfort, or reduced exercise tolerance.
Exercise pacing and session duration could be individually adjusted according to participant tolerance, physical capacity, and clinical safety considerations while maintaining the overall exercise framework.

V. Home-Based Remotely Supervised Exercise Phase (Week 13 Onward)
Home-Based Session Structure
Following completion of the 12-week supervised phase, participants transitioned to a home-based exercise program with remote supervision. Each session followed the same three-component structure consisting of 1) warm-up, 2) walking exercise, and 3) cool-down, with a total duration of approximately 50 minutes per session.
The warm-up and cool-down components followed the same chair-supported mobility and stretching principles used during the hospital-based phase.
Walking Component
The main exercise component consisted of moderate-intensity walking performed for approximately 30 minutes per session. Participants were instructed to maintain a walking pace associated with increased breathing while remaining able to converse comfortably.
Walking could be performed indoors or outdoors according to environmental conditions, provided that the walking area was flat, obstacle-free, and considered safe for older adults. Participants were additionally advised to wear appropriate soft-soled footwear to reduce fall risk.
Caregiver-assisted supervision was recommended during home-based exercise sessions to support safety monitoring, provide assistance if fatigue or imbalance occurred, and reduce the risk of disorientation during walking activities.
Remote Adherence Monitoring
Exercise adherence during the home-based phase was monitored using participant exercise logs documenting exercise duration and post-exercise perceptions. Participants additionally received remote follow-up from research personnel every two weeks to reinforce exercise adherence, address exercise-related difficulties, and support continued participation in the program.

VI. Safety Adaptations for Older Adults with Mild Cognitive Impairment
The exercise program incorporated multiple safety adaptations specifically designed for older adults with mild cognitive impairment. Warm-up and cool-down activities were primarily performed using chair-supported exercises in order to enhance postural stability and reduce fall risk during movement transitions.
Additional fall-risk reduction strategies included supervised exercise delivery during the hospital-based phase, use of controlled exercise environments, gradual intensity progression, and continuous monitoring of participant tolerance throughout exercise sessions.
During the home-based phase, participants were instructed to perform walking activities in flat, obstacle-free environments and to use appropriate footwear to improve safety during ambulation. Caregiver-assisted supervision was additionally recommended to provide support in the event of imbalance, fatigue, or disorientation.
Exercise pacing and duration could be flexibly adjusted according to individual physical tolerance and functional capacity while maintaining the overall moderate-intensity exercise framework.
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