Supplementary table 1  Cognitive intervention programmes

	Module
	Period
	Theme
	Goals
	Contents

	Stage 1
	On hospital day 3 
	Trust building
	Introducing the objectives of the group;
	Warm self-introduction of nursing team, ward introduction and smile service before operation; explanation of research information to build positive nurse-patient rapport

	Stage 2
	On postoperative day 3
	Cognitive assessment
	Identify patients’ irrational cognitions
	1.Inform patients of the research purpose, intervention frequency, implementation form and core contents.

2. Evaluate patients' psychological status and irrational cognitions.

3. Explore patients’ attitudes, thoughts and coping styles after illness onset.(Sample questions include “How do you perceive your illness?” and “What feelings have you experienced and how have you coped with them after falling ill.” Through these questions, researchers assess patients’ cognitive status and analyze their irrational and negative cognitions.)
4. Listen to patients’ wishes and their expected goals for subsequent treatment.

5. Assign daily journaling homework

	Stage 3
	At postoperative week 1
	Rational Cognitive Restructuring and Behavioral Guidance
	Assist patients in rebuilding positive and rational cognitive schemas and mastering behavioral training skills.
	1.Ask patients about their emotional status and cognition regarding their disease since the last interview.

2. Review and discuss the completion of homework assignments.

3. Assist patients in developing effective coping strategies to manage negative emotions.

4. Introduce progressive muscle relaxation training and aerobic exercise to patients.

5. Collect patients’ thoughts and suggestions concerning this intervention session.

6. Assign practice tasks and daily journaling homework upon the completion of the intervention.

	Stage 4
	At postoperative week 2
	Consolidate cognition
	Strengthen cognitive-behavioral interventions 
	1.Enquire about patients’ emotional status and disease recovery progress since the last interview.

2. Review and discuss the completion status of homework assignments.

3. Carry out cognitive and behavioral interventions targeting the specific problems of each patient.

4. Assist patients in forming effective coping strategies to deal with negative emotions.

5. Encourage patients to share their perceptions of the disease, recognize their rational cognitions and offer positive affirmation.

6. Solicit patients’ opinions and suggestions regarding this intervention session.

7. Address patients’ concerns about potential difficulties they may encounter after discharge.

8. Assign practice exercises and daily journaling homework at the end of the intervention.

	Stage 5
	From discharge to three cycles of chemotherapy
	Out-of-hospital follow-up
	
	Establish a WeChat communication group upon hospital discharge, and regularly share successful recovery cases in the group to boost patients’ self-confidence.

2. Encourage patients to independently design homework assignments during the intervals between chemotherapy cycles.

3. Ensure patients’ exercise adherence by checking their uploaded exercise log sheets daily, and provide positive encouragement for those who meet the exercise targets.

4. Conduct telephone follow-ups to inquire about difficulties encountered by patients after discharge and offer corresponding support.

5. Conduct face-to-face interviews when patients are readmitted for chemotherapy. Combined with their daily journal notes, researchers further identify patients’ irrational cognitions, ask about their feelings after persistent exercise, and motivate them to keep exercising.


Behavioral intervention

① Progressive Muscle Relaxation Training

During participants’ hospitalization, researchers guided patients to complete progressive muscle relaxation training every day. The training protocol was validated by psychological specialists to exert a gradual relaxing effect on patients.

Key operational steps: Take three slow deep inhalations and exhalations to relax the whole body. Then tense and relax muscle groups in sequence: hands, biceps and forearms, triceps, chest muscles, trapezius muscles of shoulders and neck, posterior cervical muscles, facial muscles, back muscles, intercostal muscles, abdominal muscles, lumbar muscles, gluteal and thigh muscles, calf muscles, and foot muscles. Maintain muscle tension for 5–7 seconds each time, followed by a relaxation phase lasting up to 1 minute. The training was performed morning and evening daily for 15–20 minutes per session until the end of the intervention. When participants were discharged for the first time, researchers sent the training video file to each patient.
② Aerobic Exercise Training

Upon discharge, breast cancer patients were instructed to perform aerobic exercise 3–4 times per week for 40–60 minutes per session, preferably in the morning. Warm-up and cool-down phases lasted 10–15 minutes, with approximately 30 minutes of formal aerobic activity in between.

During the first chemotherapy cycle, exercise intensity was controlled at 50%–60% of maximal heart rate (low-intensity exercise). Starting from the second chemotherapy cycle onward, intensity was adjusted to 60%–85% of maximal heart rate (moderate-intensity exercise). If heart rate increased by more than 20 beats per minute accompanied by perceived exertion after exercise, patients were required to reduce activity volume appropriately. Continuation of exercise was permitted only after monitoring heart rate changes and subjective fatigue levels.

For upper-extremity training, the standardized breast cancer rehabilitation calisthenics identical to those used in the control group were adopted.

For lower-extremity training, patients completed ward walking or stair climbing before discharge. After discharge, patients could gradually add suitable aerobic modalities according to personal tolerance. Short-term and long-term individualized exercise goals were co-formulated by exercise rehabilitation physicians and patients to progressively reach guideline-recommended activity volume (≥30 minutes per session, 5 sessions weekly, cumulative ≥150 minutes per week).

Exercise adherence of participants was evaluated via trial dropout rate and exercise intervention attendance rate. The attendance rate was calculated as: (Number of actually completed exercise sessions / Total prescribed exercise sessions) × 100%.

Supplement Table 2  Results of outcome indicators in the two groups, N = 132

	Variables
	Intervention group  (n=66)
	Control group (n=66)
	t
	P-value

	FACT-Cog 
	
	
	
	

	PCI（(x±s）
	
	
	
	

	T0
	70.27±1.13
	70.59±1.17
	-1.618
	0.108

	T1
	68.89±1.95
	66.70±2.47
	8.151
	＜0.001

	T2
	69.11±1.83
	65.83±2.65
	12.386
	＜0.001

	Oth（(x±s）
	
	
	
	

	T0
	14.69±0.81
	14.50±0.76
	1.350
	0.179

	T1
	14.75±0.87
	14.33±0.96
	2.60
	0.01

	T2
	14.89±0.72
	14.13±0.97
	5.09
	＜0.001

	CAF（(x±s）
	
	
	
	

	T0
	26.36±1.87
	26.27±1.44
	0.318
	0.751

	T1
	25.59±1.88
	24.63±1.67
	3.082
	0.003

	T2
	25.77±1.78
	24.42±1.87
	4.168
	＜0.001

	QoL（(x±s）
	
	
	
	

	T0
	13.78±0.97
	13.73±0.93
	0.279
	0.78

	T1
	13.53±0.91
	12.75±0.93
	4.82
	＜0.001

	T2
	13.52±0.96
	12.52±1.14
	5.37
	＜0.001

	Attention function（((±s）

	T0
	15.72±3.06
	16.48±2.58
	-1.618
	0.129

	T1
	16.58±2.99
	17.98±2.57
	-2.852
	0.005

	T2
	16.05±2.33
	18.69±2.33
	-5.897
	＜0.001

	Executive function（((±s）

	T0
	5.23±1.15
	5.42±1.33
	1.350
	0.396

	T1
	6.13±1.36
	7.36±2.18
	-3.844
	＜0.001

	T2
	5.27±1.32
	7.56±1.93
	-7.838
	＜0.001

	Memory function（((±s）

	T0
	10.94±1.98
	11.23±3.08
	0.318
	0.518

	T1
	11.50±1.87
	12.77±3.07
	-2.814
	0.006

	T2
	10.44±1.60
	13.02±3.09
	-5.920
	＜0.001

	information processing speed（((±s）

	T0
	9.50±2.09
	9.38±1.87
	0.356
	0.722

	T1
	10.19±1.31
	10.84±1.35
	-2.796
	0.006

	T2
	9.39±2.03
	11.19±1.66
	-5.483
	＜0.001

	HADS
	
	
	
	

	Anxiety （((±s）
	
	
	
	

	T0
	6.75±2.49
	6.70±2.32
	0.11
	0.913

	T1
	2.20±1.93
	4.13±1.70
	-5.974
	＜0.001

	T2
	1.52±1.38
	3.19±1.68
	-6.099
	＜0.001

	Depression（((±s）
	
	
	
	

	T0
	7.31±2.56
	7.30±2.31
	0.36
	0.971

	T1
	3.30±2.38
	4.50±1.83
	-3.207
	0.002

	T2
	1.65±1.32
	3.18±1.62
	-6.229
	＜0.001

	FACT-B
	
	
	
	

	PWB（((±s）
	
	
	
	

	T0
	13.70±2.10
	13.18±1.86
	1.471
	0.144

	T1
	16.5±4.15
	13.73±2.91
	4.362
	＜0.001

	T2
	18.92±3.97
	16±3.10
	4.685
	＜0.001

	SWB（((±s）
	
	
	
	

	T0
	18.11±2.99
	18.20±2.17
	-0.203
	0.840

	T1
	19.86±2.83
	18.97±2.26
	1.966
	0.052

	T2
	21.17±2.75
	20.13±2.31
	2.336
	0.021

	EWB（((±s）
	
	
	
	

	T0
	14.28±2.37
	14.77±2.29
	-1.161
	0.248

	T1
	17.23±3.21
	14.75±2.45
	4.217
	＜0.001

	T2
	19.02±3.20
	16.70±3.41
	3.958
	＜0.001

	FWB（((±s）
	
	
	
	

	T0
	11.47±4.13
	11.62±3.22
	-0.239
	0.812

	T1
	17.78±4.96
	15.17±3.74
	3.358
	0.001

	T2
	20.39±4.45
	17.64±4.15
	3.613
	＜0.001

	BCS（((±s）
	
	
	
	

	T0
	20.39±3.20
	20.91±3.31
	-0.907
	0.366

	T1
	24.23±4.17
	22.66±3.67
	2.273
	0.025

	T2
	26.72±4.39
	24.58±3.46
	3.062
	0.003


