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[bookmark: _Toc225442459]S1: Literature Review
· Databases searched
China National Knowledge Infrastructure, Wanfang Database, China Biomedical Literature Database, VIP Database, Chinese Medical Association Journals, PubMed, Web of Science, The Cochrane Library, Embase, CINAHL, BMJ Best Practice, China Clinical Guidelines Library, UpToDate, Yimaitong (Chinese Guidelines Platform), Scottish Intercollegiate Guidelines Network (SIGN), National Institute for Health and Care Excellence (NICE), New Zealand Guidelines Group (NZGG), Canadian Medical Association Clinical Practice Guidelines Database (CMA), Guidelines International Network (GIN), National Guideline Clearinghouse (NGC), American Thoracic Society (ATS), American College of Chest Physicians (ACCP) website, American Association for Respiratory Care (AARC) website, and European Respiratory Society (ERS) website.
· Search terms
search terms: pulmonary hypertension, pulmonary arterial hypertension, rehabilitation, breathing, respiration, respiratory, kinesiotherapy, exercise*, training, oxygen therapy, oxygen inhalation, nutrition, nutritional, health education, follow up, nursing, guideline, consensus, systematic review, meta-analysis, evidence summary, evidence synthesis, best practice, clinical decision
· Search period
The search covered publications from January 2020 to July 2025.
· Figure S1 Literature screening flowchart
Records identified through database searching and authoritative websites (n=3316)

Duplicate records removed using EndNote (n=796)                                           
Records after duplicates removed (n=2520)
Records excluded after title and abstract screening (n=2352)
Records remaining after title and abstract screening (n=168)
Full-text articles excluded (n=154)
Studies included in final synthesis (n=14)

· Studies included in final synthesis
1.	Conde-Camacho R, Orozco-Levi M, Londoño A, et al. Expert consensus on the stratification, management, and follow-up of patients with group 1 pulmonary hypertension at intermediate risk. Revista Colombiana de Cardiologia. 2023;30:95-107.
2.	Gutierrez-Arias R, Hinojosa-Riadi J, Sandoval-Cañío A, et al. Effectiveness of Respiratory Muscle Training in Adults With Pulmonary Hypertension. A Systematic Review and Meta-Analysis. Heart, Lung &amp; Circulation. 2023;32:315-329.
3.	Holland AE, Spathis A, Marsaa K, et al. European Respiratory Society clinical practice guideline on symptom management for adults with serious respiratory illness. Eur Respir J. 2024;63.
4.	Huang WC, Cheng YY, Hsu CH, et al. 2023 TSOC-TACVPR-TACPAH Consensus Statement of the Rehabilitation on Patients with Pulmonary Hypertension. Acta Cardiologica Sinica. 2024;40:716-728.
5.	Humbert M, Kovacs G, Hoeper MM, et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. Eur Respir J. 2023;61.
6.	Kourek C, Zachariou A, Karatzanos E, et al. Effects of combined aerobic, resistance and inspiratory training in patients with pulmonary hypertension: A systematic review. World J Crit Care Med. 2024;13:92585.
7.	Rantepadan A, Tendean AF, Padaunan E, et al. Effects of Exercise on Muscle Strength and VO2 Peak in Patients with Pulmonary Hypertension: A Systematic Review and Meta-Analysis. Pacific Rim International Journal of Nursing Research. 2025;29:306-325.
8.	Rochester CL, Alison JA, Carlin B, et al. Pulmonary Rehabilitation for Adults with Chronic Respiratory Disease: An Official American Thoracic Society Clinical Practice Guideline. Am J Respir Crit Care Med. 2023;208:e7-e26.
9.	Seo YG, Oh S, Park WH, et al. Optimal aerobic exercise intensity and its influence on the effectiveness of exercise therapy in patients with pulmonary arterial hypertension: A systematic review. Journal of Thoracic Disease. 2021;13:4530-4540.
10.	Gong YC, Chen JY, Li PD, et al. Expert consensus on pulmonary rehabilitation nursing for chronic respiratory diseases. Chinese Journal of Nursing. 2020;55(5):709-710. [In Chinese]
11.	Yang BB, Zhang H, Chen X, et al. Best evidence summary for exercise rehabilitation in adults with stable pulmonary hypertension. Military Nursing. 2023;40(6):91-95. [In Chinese]
12.	hinese Association of Chest Physicians, Chinese Thoracic Society, Chinese Association of Rehabilitation Medicine-Respiratory Rehabilitation Professional Committee, Editorial Board of Chinese Journal of Health Management. Guidelines for respiratory rehabilitation management of chronic respiratory diseases in China (2021). Chinese Journal of Health Management. 2021;15(6):521-538. [In Chinese]
13.	Chinese College of Cardiovascular Physicians, Cardiac Rehabilitation Management Committee of Chinese Hospital Association. Chinese expert consensus on exercise rehabilitation for adult patients with pulmonary hypertension. Chinese Journal of Interventional Cardiology. 2021;29(8):421-432. [In Chinese]
14.	Pulmonary Embolism and Pulmonary Vascular Disease Group of Chinese Thoracic Society, Pulmonary Embolism and Pulmonary Vascular Disease Working Committee of Chinese Association of Chest Physicians, National Cooperative Group on Prevention and Treatment of Pulmonary Embolism and Pulmonary Vascular Disease, National Pulmonary Hypertension Standardization System Construction Project Expert Group. Chinese guidelines for diagnosis and treatment of pulmonary hypertension (2021 edition). National Medical Journal of China. 2021;101(1):11-51. [In Chinese]
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	Second-Level Item
	Third-Level Item

	
	
	

	
	
	

	1 Multidisciplinary Team
	1.1 Team composition
	1.1.1 Core team: respiratory physicians, respiratory nurses, rehabilitation physicians, rehabilitation therapists, patients, and family members.

	
	
	1.1.2 Extended team (as needed): nutritionists, psychologists.

	
	1.2 Personnel qualifications
	1.2.1 Respiratory physician (attending physician): substantial experience in the diagnosis and treatment of pulmonary hypertension and respiratory diseases.

	
	
	1.2.2 Rehabilitation physician: proficient in cardiopulmonary rehabilitation assessment and program development.

	
	
	1.2.3 Respiratory nurse: skilled in pulmonary rehabilitation nursing, oxygen therapy, health education, and chronic disease follow-up.

	
	
	1.2.4 Rehabilitation therapist: Proficient in pulmonary rehabilitation training content.

	
	
	1.2.5 Nutritionist (if available): holds registered dietitian certification; experienced in providing dietary guidance for patients with chronic respiratory diseases.

	
	
	1.2.6 Psychologist (if available): holds psychologist certification; experienced in psychological intervention for patients with chronic diseases.

	
	
	1.2.7 Patient: possesses adequate learning ability, comprehension, and motivation for rehabilitation.

	
	
	1.2.8 Family member: possesses compassion, patience, and basic caregiving ability; willing to assist and supervise the patient.

	[bookmark: _Hlk231572141]
	1.3 Personnel responsibilities
	1.3.1 Respiratory physician: conduct condition assessments for hospitalized patients with pulmonary hypertension and accurately determine the timing of pulmonary rehabilitation intervention; collaborate with rehabilitation physician to develop individualized pulmonary rehabilitation plans; instruct patients and family members on key aspects of training methods, frequency, intensity, indications for safe termination, and management of comorbidities.

	
	
	1.3.2 Rehabilitation therapist: guide patients in individualized exercise training; conduct regular assessments; assist in adjusting rehabilitation plans; manage concurrent functional issues; and provide continuous rehabilitation guidance for patients both inside and outside the hospital.

	
	
	1.3.3 Respiratory nurse: assist physicians in conducting inpatient pulmonary rehabilitation guidance and outcome monitoring for patients, with a primary focus on pre-discharge health education, instructing patients and their families in home oxygen therapy, medication management, symptom monitoring, and self-care skills, as well as participating in post-discharge continuous rehabilitation follow-up and health management for patients.

	
	
	1.3.4 Nutritionist (if available): provide nutritional consultation and dietary guidance based on the patient’s physical condition and rehabilitation needs.

	
	
	1.3.5 Psychologist (if available): provide psychological intervention for patients in need; help alleviate anxiety, depression, and other emotional issues.

	
	
	1.3.6 Patient and family: patient actively participates in rehabilitation, performs daily exercises according to the plan, and learns disease management knowledge; family provides necessary daily care, emotional support, and assists in supervising the implementation of the rehabilitation plan.

	2 Rehabilitation Assessment
	2.1 Assessment content 
	2.1.1 Clinical characteristics, vital signs, imaging findings, laboratory tests, exercise tolerance, nutritional status, cardiopulmonary function, hemodynamic parameters, psychological and social factors, etc.

	
	2.2 Assessment of exercise safety

	2.2.1 Safety indicators: At rest or before exercise, the following criteria must be met: ① mean arterial pressure (MAP) 60–100 mmHg; ② systolic blood pressure (SBP) 90–160 mmHg; ③ resting heart rate 60–100 beats/min; ④ respiratory rate 12–28 breaths/min; ⑤ SpO₂ ≥ 80% (may be adjusted by healthcare professionals based on individual tolerance and altitude, but generally should not fall below 70%); ⑥ alert and able to follow instructions.

	
	
	2.2.2 Relative contraindications: Conditions requiring careful evaluation and possible postponement or adjustment of the rehabilitation program: severe cognitive impairment, progressive neuromuscular disease, uncorrectable severe anemia, lack of motivation, severe fatigue related to debilitation, uncorrectable severe visual impairment, short life expectancy (<6 months), etc.

	
	
	2.2.3 Absolute contraindications: Conditions prohibiting exercise training: unstable angina or arrhythmia, decompensated heart failure, hemodynamic instability, unstable fractures, bleeding or hematoma at puncture sites, use of vasoactive drugs for life support, active deep vein thrombosis, infectious diseases that pose a risk to others at rest without isolation facilities, unstable psychiatric conditions with risk of self-harm or harm to others.

	
	2.3 Assessment of risk stratification
	2.3.1 Use the 2022 European Society of Cardiology/European Respiratory Society (ESC/ERS) Guidelines for the Diagnosis and Treatment of Pulmonary Hypertension to stratify patients with pulmonary hypertension (low-risk, intermediate-risk, high-risk) to guide overall treatment and rehabilitation strategies.

	3 Exercise Prescription
	3.1 Type
	3.1.1
	Aerobic exercise
	Resistance exercise
	Breathing exercises

	
	3.2 Form
	3.2.1
	Brisk walking, jogging, stationary cycling, Baduanjin, Tai Chi, etc.
	Dumbbells, resistance bands, etc.
	Diaphragmatic breathing, pursed-lip breathing, breathing exercises using devices (balloons, respiratory trainers, etc.)

	
	3.3 Duration
	3.3.1
	10–30 minutes per session.
	8–12 repetitions per set, 1–3 sets, completed within 10–20 minutes.
	1–2 times/day, 10–15 minutes per session.

	
	3.4 Frequency
	3.4.1
	3–5 days per week, with a rest interval of ≥24 hours
	2–3 days per week or every other day for the same muscle group
	At least 4–5 days per week, preferably 5–7 days per week

	
	3.5 Intensity
	3.5.1
	Low-risk: 60–70% HRR or 30–60% VO₂max
Intermediate-risk: 50–60% HRR or 30–40% VO₂max
High-risk: 30–50% HRR or 30% VO₂max
[Note: HRR (heart rate reserve) = 220 – patient age – resting heart rate; target heart rate = (HRR × intensity%) + resting heart rate; VO₂max refers to maximal oxygen consumption]
	Low-risk: 50%–75% 1RM
Intermediate-risk: 30%–50% 1RM
High-risk: <30% 1RM
(1RM refers to the maximum weight that can be lifted in a single repetition) 
	Starting intensity at 30% of maximal inspiratory pressure, adjusted based on patient tolerance

	
	3.6 Precautions
	3.6.1 Maintain a Borg score of 2–6 during exercise

	
	
	3.6.2 Adopt a combined approach of aerobic/resistance exercise and breathing exercises

	
	
	3.6.3 Use an “exercise–rest–exercise” intermittent pattern, following the principle of gradual progression

	
	
	3.6.4 Avoid breath-holding (Valsalva maneuver)

	
	
	3.6.5 Use monitoring devices (e.g., pulse oximeter, wearable electronic devices) to measure SpO₂ and heart rate during exercise

	
	
	3.6.6 Avoid competitive sports

	
	
	3.6.7 High-risk patients require careful physician evaluation and may have individualized adjustments

	
	3.7 Indications for Suspension
	3.7.1 Discontinue exercise immediately if significant discomfort occurs during exercise (e.g., chest pain, dyspnea, dizziness, blurred vision, syncope)

	
	
	3.7.2If vital signs become unstable during exercise, the activity should be stopped immediately.

	
	
	3.7.3 If SpO₂ drops by more than 5%, exercise should be stopped immediately and supplemental oxygen administered.

	
	3.8 Altitude gradient adjustment
	3.8.1 Baseline: This program is established with Xining’s altitude as the baseline (2261 meters). All exercise prescriptions should be developed and adjusted based on the patient’s current residence or training altitude

	
	
	3.8.2 It is recommended that for every additional 1000 meters in altitude, exercise intensity be reduced by 20% from baseline and single-session duration be shortened by 20%, with the principle of not causing significant discomfort

	
	
	3.8.3 At very high altitudes (>4000 meters), focus on low-intensity activities of daily living and breathing exercises; aerobic and resistance training require close physician evaluation and supervision

	4 Health Education
	4.1 Oxygen therapy guidance
	4.1.1 For patients with exercise-induced hypoxemia, supplemental oxygen should be provided during exercise; however, routine oxygen supplementation for all pulmonary rehabilitation patients is not recommended.

	
	
	4.1.2 For patients with resting hypoxemia, daily oxygen therapy duration ≥15 hours, flow rate 2–4 L/min, target: maintain SpO₂ >5% above pre-oxygenation levels.

	
	4.2 Airway clearance guidance
	4.2.1 For patients with retained secretions who are unable to expectorate, airway clearance techniques should be selectively used based on the patient's condition.

	
	
	4.2.2 Techniques: forced expiration technique, active cycle of breathing technique (ACBT), positive expiratory pressure (PEP) technique, etc.

	
	4.3 Nutritional guidance
	4.3.1 Differentiated energy support based on heart function classification: stable patients (WHO-FC I–II) receive 30–35 kcal/kg/day (ideal body weight); patients with severe disease or heart failure (WHO-FC III–IV) receive 35–40 kcal/kg/day to counteract hypermetabolism and prevent malnutrition.

	
	
	4.3.2 Daily protein intake 1.2–1.5 g/kg (ideal body weight), prioritizing high-quality protein (fish, meat, eggs, milk, soy products, etc.).

	
	
	4.3.3 Adjust dietary ratio: protein 20–25%, fat 25–30%, carbohydrates 45–55%.

	
	
	4.3.4 Ensure timely supplementation of vitamins, trace elements, and arginine.

	
	
	4.3.5 Eat small, frequent meals; 3–5 meals per day is recommended.

	
	
	4.3.6 For patients with comorbidities such as diabetes, hypertension, kidney disease, or obesity, adjustments should be made dynamically by the attending physician and nutritionist based on changes in the condition.

	
	4.4 Implementation methods
	4.4.1 Provide health education through diverse channels, including face-to-face instruction, educational brochures, online platforms (WeChat groups, short video platforms, mini-programs, etc.), community activities, and regular home visits.

	
	
	4.4.2 Education methods should be tailored to local conditions and individual circumstances, taking into account the patient's living environment, receptivity to knowledge, family support, and cultural background, to ensure the feasibility and effectiveness of the guidance.

	5 Psychological Support
	5.1 Psychological state assessment
	5.1.1 Assess the patient’s psychological status; patients identified with moderate to severe anxiety or depression should receive professional intervention from a psychologist.

	
	5.2 Psychological empowerment
	5.2.1 Behavior recording: encourage patients to record daily activities and emotions; healthcare providers review with patients to reinforce positive behaviors and identify and improve avoidance behaviors.

	
	
	5.2.2 Positive reinforcement: praise patients who achieve phased goals; for those who do not, discuss obstacles and provide encouragement to enhance adherence.

	
	
	5.2.3 Cognitive restructuring: help patients develop objective and rational understanding of the disease and identify automatic negative thoughts related to the condition.

	
	
	5.2.4 Peer education: encourage communication among patients to share personal pulmonary rehabilitation experiences.

	
	
	5.2.5 Family support: encourage and guide family members to provide effective emotional support and psychological care for the patient.

	6 Follow-up Management
	6.1 Follow-up content
	6.1.1 Dyspnea score, 6-minute walking distance, cardiopulmonary exercise testing, echocardiography, cardiac function classification, resting and post-exercise oxygen saturation (SpO₂), heart rate, blood pressure, body weight, nutritional status, laboratory tests (BNP or NT-proBNP, complete blood count, blood biochemistry, biomarkers, etc.), right heart catheterization (RHC), peripheral muscle strength, activities of daily living, anxiety and depression scores, medication adherence, home oxygen therapy compliance, symptom changes, quality of life questionnaire, etc. 

	
	6.2 Follow-up frequency
	6.2.1 Follow-up evaluation every 3–6 months.

	
	
	6.2.2If the condition becomes unstable or new/worsening symptoms develop, the patient should return to the hospital immediately for re-evaluation.

	
	6.3 Follow-up methods
	6.3.1 High-risk/unstable patients: hospital follow-up as the core, with community/home follow-up providing close support and online follow-up for daily monitoring.

	
	
	6.3.2 For stable, remotely residing, or elderly patients: online follow-up for daily management, combined with periodic community follow-up or hospital follow-up for completion of indicator assessments.
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	No.
	Items
	Expert opinion
	Research team opinion
	Adopted

	1
	1.1
	It is suggested to add traditional Chinese medicine (TCM) physicians and cardiologists. Some minority patients in Tibet prefer TCM treatment.
	PH is essentially a cardiopulmonary comorbidity. The safety boundary of pulmonary rehabilitation, especially exercise rehabilitation, depends on cardiac function and hemodynamic status. Cardiologists have authority in assessing and managing this core issue. TCM has unique value in chronic disease management and the application of traditional exercises, making it particularly suitable for chronic disease rehabilitation in high-altitude areas. However, not all participating medical institutions have well-established TCM departments or integrated TCM and Western medicine conditions. Therefore, TCM physicians are included in the extended team.
	Adopted

	2
	1.2
	The description of the 'Personnel Qualifications' section is overly detailed, with some content overlapping with job responsibilities and leaning toward personnel management requirements within healthcare institutions, which does not fall under the core content of a pulmonary rehabilitation program. It is recommended that the personnel qualifications be appropriately condensed and consolidated.
	The primary focus of a pulmonary rehabilitation program is to define the composition of the multidisciplinary team and the processes of continuous rehabilitation management, rather than specific job entry requirements. Overly detailed descriptions of qualifications may lead to content redundancy and hinder the emphasis on the core elements of the program. Therefore, the personnel qualification items have been integrated and simplified, retaining only the basic professional competency requirements that team members should possess, in order to enhance the conciseness, standardization, and clinical applicability of the program.
	Adopted

	3
	1.2.7 and 1.2.8
	“Patient and family member qualifications” is not an operable requirement and could be deleted.
	“Qualifications” refers to the professional credentials and capabilities of professionals (physicians, nurses, therapists) that are certified by external authorities or measurable through clear standards (e.g., professional licenses, work experience). The requirements for patients and family members (learning ability, willingness, compassion) are expected attributes and conditions, which cannot be subject to mandatory certification or standardized management in the same way as professional qualifications.
	Adopted
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	3.1
	A progressive, stepwise training approach should be adopted for bedridden patients.
	The program previously did not consider patients with severe illness and extremely poor functional status who are bedridden. This suggestion upgrades the pulmonary rehabilitation program from “applicable to patients who can ambulate” to “covering the full spectrum of functional status.”
	Adopted

	5
	3.5
	It is suggested to add “Borg score” as an auxiliary indicator of exercise intensity.
	Using an appropriate Borg score range based on the patient’s disease severity as an auxiliary indicator complements objective physiological indicators (heart rate, oxygen consumption), making intensity monitoring more comprehensive and individualized. This should be added to the description of aerobic exercise intensity for each risk level to ensure a more thorough intensity assessment.
	Adopted

	6
	3.5
	VO₂max measurement can only be performed in hospitals and is not feasible for home-based exercise.
	VO₂max is the gold standard for assessing cardiopulmonary function and prescribing exercise intensity; removing it would weaken the scientific basis of the program. Considering the expert’s concern about feasibility for home-based implementation, we adopted this practical consideration. The program specifies that for home-based rehabilitation, the heart rate reserve (HRR) method combined with the Borg Rating of Perceived Exertion scale should be used as the primary monitoring tools, while VO₂max is retained as a gold standard for hospital-based assessment.
	Partially adopted (with adjusted formulation)

	7
	3.6 and 3.7
	It is suggested to combine and streamline the two items.
	The precautions section covers continuous monitoring and preventive guidance during exercise, whereas the indications for suspension are termination criteria for specific circumstances. Currently, some content indeed has a progressive relationship, and combining them can enhance the conciseness and logical coherence of the program.
	Adopted

	8
	3.8
	Altitude varies greatly in plateau regions; can a reference correction coefficient be provided?
	A systematic literature review revealed that no universally applicable altitude–exercise intensity correction formula for pulmonary rehabilitation in patients with pulmonary hypertension has been established internationally. The initial plan proposed a single adjustment coefficient (a 20% reduction in exercise intensity and duration for every additional 1000 meters in altitude), which was derived from preliminary discussions among the research team based on high-altitude exercise physiology principles. However, this single-coefficient approach failed to consider the differences in hypoxic stress and physiological adaptation across different altitude intervals, leading to insufficient clinical operability. To address this, we further refined the adjustment strategy through in-depth re-discussions among the multidisciplinary research team (covering respiratory, cardiovascular, and rehabilitation fields), defining recommended percentage ranges for reducing exercise intensity and duration at different altitude intervals (2500–3000 m, 3000–4000 m). This refinement is an optimized clarification of the initial team-discussed coefficient, rather than a new adjustment standard, ensuring better adaptation to the actual altitude differences in the Qinghai-Tibet Plateau. It is emphasized that all numerical adjustments must adhere to the overarching safety principle of “not causing significant discomfort to the patient,” and individualized fine-tuning should be performed based on the patient’s real-time responses during implementation.
	Partially Adopted (with adjusted formulation)

	9
	3
	Add “warm-up and cool-down” content to prevent exercise-related injuries and abrupt hemodynamic changes.
	In high-altitude hypoxic environments, the cardiovascular system is more susceptible to sudden changes. Clear warm-up and cool-down procedures are essential for ensuring patient safety and improving the structure of the exercise prescription.
	Adopted

	10
	4.3
	Some content is too detailed (e.g., macronutrient ratios) and may be difficult to implement uniformly in a rehabilitation program. It is recommended to retain only the most essential and universally applicable suggestions.
	Overly detailed nutritional ratios may compromise the clarity, focus, and feasibility of the program in clinical practice. Therefore, only the most core and broadly applicable recommendations are retained to ensure the program remains suitable for all levels of healthcare institutions.
	Adopted

	11
	4
	Patients with PH require long-term standardized medication. It is suggested to add an item on medication management and adherence education.
	Medication management is the cornerstone of PH treatment. Its standardization and adherence directly determine patient survival and quality of life. Incorporating this into the rehabilitation education system is critical to the scientific validity and completeness of the program.
	Adopted

	12
	4
	Add lifestyle guidance.
	Patients with PH often experience fatigue and dyspnea, which directly affect their daily routines, sleep, and social participation.
	Adopted

	13
	4
	In health education, oxygen therapy and nutritional guidance should be listed as first-level items.
	The current six first-level items form a complete and clear rehabilitation process loop: “who delivers (team) → what to assess first (assessment) → core intervention (exercise) → supporting knowledge (education) → psychological support (psychosocial) → long-term management (follow-up).” Separating oxygen therapy and nutritional guidance from health education and elevating them to the same level as exercise prescription or psychological support would disrupt this logic, making the first-level items overly complex and inconsistent in classification.
	Not adopted

	14
	5
	Add “coping strategies training” content, which could include physical interventions such as transcranial magnetic stimulation, acupuncture, music therapy, etc.
	“Psychological empowerment” focuses more on motivating attitudes and intentions, while “coping strategies training” provides specific, actionable psychological and behavioral skills. Combining the two allows the psychological support module to move from “encouragement” to “capacity building,” forming a complete loop. However, some techniques (e.g., transcranial magnetic stimulation, acupuncture) require specialized equipment and trained personnel, making them difficult to implement widely in primary care settings in high-altitude areas.
	Partially adopted

	15
	6.1.1
	It is suggested to categorize the content into “mandatory assessment items” and “optional assessment items.”
	Follow-up management aims to monitor rehabilitation outcomes and disease changes. The content should be individualized based on the patient’s risk stratification, disease stability, and local healthcare resources.
	Adopted

	16
	6.1.1
	It is recommended to remove routine blood tests, blood biochemistry, peripheral muscle strength, and biomarkers.
	Although these indicators may face practical limitations as mandatory items for routine follow-up in high-altitude areas, they provide important reference information for assessing overall condition, nutritional status, inflammatory levels, and skeletal muscle function in patients with pulmonary hypertension, and have potential value for identifying rehabilitation risks and evaluating outcomes. Therefore, these items are classified as “optional” rather than “mandatory.”
	Not Adopted

	17
	6.1.1
	Add rehabilitation adherence and satisfaction to the follow-up content to reflect the patient’s implementation and acceptance.
	Assessing the patient’s implementation of and subjective experience with the rehabilitation program is a core basis for optimizing rehabilitation services and improving management quality.
	Adopted
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	First-Level Item
	Second-Level Item
	Third-Level Item

	
	
	

	
	
	

	1 Multidisciplinary Team
	1.1 Team composition
	1.1.1 Core team: respiratory physicians, respiratory nurses, rehabilitation physicians, rehabilitation therapists, cardiologists, patients, and family members.

	
	
	1.1.2 Extended team (as needed): nutritionists, psychologists, traditional Chinese medicine physicians.

	
	1.2 Personnel qualifications
	1.2.1 Professionals: Professional team members involved in pulmonary rehabilitation should possess relevant professional knowledge and clinical practical competencies, and be capable of conducting assessments, providing pulmonary rehabilitation guidance, and managing care for patients with pulmonary arterial hypertension.

	
	1.3 Personnel responsibilities
	1.3.1 Respiratory physician: conduct condition assessments for hospitalized patients with pulmonary hypertension and accurately determine the timing of pulmonary rehabilitation intervention; collaborate with rehabilitation physician to develop individualized pulmonary rehabilitation plans; instruct patients and family members on key aspects of training methods, frequency, intensity, indications for safe termination, and management of comorbidities.

	
	
	1.3.2 Rehabilitation therapist: guide patients in individualized exercise training; conduct regular assessments; assist in adjusting rehabilitation plans; manage concurrent functional issues; and provide continuous rehabilitation guidance for patients both inside and outside the hospital.

	
	
	1.3.3 Respiratory nurse: assist physicians in conducting inpatient pulmonary rehabilitation guidance and outcome monitoring for patients, with a primary focus on pre-discharge health education, instructing patients and their families in home oxygen therapy, medication management, symptom monitoring, and self-care skills, as well as participating in post-discharge continuous rehabilitation follow-up and health management for patients.

	
	
	1.3.4 Nutritionist (if available): provide nutritional consultation and dietary guidance based on the patient’s physical condition and rehabilitation needs.

	
	
	1.3.5 Psychologist (if available): provide psychological intervention for patients in need; help alleviate anxiety, depression, and other emotional issues.

	
	
	1.3.6 Traditional Chinese Medicine Physician (if available): Provide Chinese medicine-specific rehabilitation guidance based on the patient's condition, such as Tai Chi, Baduanjin, etc.

	
	
	1.3.7 Patient and family: patient actively participates in rehabilitation, performs daily exercises according to the plan, and learns disease management knowledge; family provides necessary daily care, emotional support, and assists in supervising the implementation of the rehabilitation plan.

	2 Rehabilitation Assessment
	2.1 Assessment content 
	2.1.1 Clinical characteristics, vital signs, imaging findings, laboratory tests, exercise tolerance, nutritional status, cardiopulmonary function, hemodynamic parameters, psychological and social factors, etc.

	
	2.2 Assessment of exercise safety

	2.2.1 Safety indicators: At rest or before exercise, the following criteria must be met: ① mean arterial pressure (MAP) 60–100 mmHg; ② systolic blood pressure (SBP) 90–160 mmHg; ③ resting heart rate 60–100 beats/min; ④ respiratory rate 12–28 breaths/min; ⑤ SpO₂ ≥ 80% (may be adjusted by healthcare professionals based on individual tolerance and altitude, but generally should not fall below 70%); ⑥ alert and able to follow instructions.

	
	
	2.2.2 Relative contraindications: Conditions requiring careful evaluation and possible postponement or adjustment of the rehabilitation program: severe cognitive impairment, progressive neuromuscular disease, uncorrectable severe anemia, lack of motivation, severe fatigue related to debilitation, uncorrectable severe visual impairment, short life expectancy (<6 months), etc.

	
	
	2.2.3 Absolute contraindications: Conditions prohibiting exercise training: unstable angina or arrhythmia, decompensated heart failure, hemodynamic instability, unstable fractures, bleeding or hematoma at puncture sites, use of vasoactive drugs for life support, active deep vein thrombosis, infectious diseases that pose a risk to others at rest without isolation facilities, unstable psychiatric conditions with risk of self-harm or harm to others.

	
	2.3 Assessment of risk stratification
	2.3.1 Use the 2022 European Society of Cardiology/European Respiratory Society (ESC/ERS) Guidelines for the Diagnosis and Treatment of Pulmonary Hypertension to stratify patients with pulmonary hypertension (low-risk, intermediate-risk, high-risk) to guide overall treatment and rehabilitation strategies.

	3 Exercise Prescription
	3.1Type
	3.1.1
	Aerobic exercise
	Resistance exercise
	Breathing exercises
	Bed-based/Progressive Activities (for bedridden or severely functionally impaired patients)

	
	3.2 Form
	3.2.1 
	Brisk walking, jogging, stationary cycling, Baduanjin, Tai Chi, etc.
	Dumbbells, resistance bands, etc.
	Diaphragmatic breathing, pursed-lip breathing, breathing exercises using devices (balloons, respiratory trainers, etc.)
	Passive/active-assisted range of motion exercises, ankle pump exercises, assisted transfer training, etc.

	
	3.3 Duration
	3.3.1 
	10–30 minutes per session.
	8–12 repetitions per set, 1–3 sets, completed within 10–20 minutes.
	1–2 times/day, 10–15 minutes per session.
	Start with very short durations (e.g., 1–3 minutes per movement) and gradually increase based on patient tolerance. Target: 1–2 times/day, 10–20 minutes per session.

	
	3.4 Frequency
	3.4.1 
	3–5 days per week, with a rest interval of ≥24 hours
	2–3 days per week or every other day for the same muscle group
	At least 4–5 days per week, preferably 5–7 days per week
	At least 5 days/week.

	
	3.5 Intensity
	3.5.1
	Low-risk: 60–70% HRR (or 30–60% VO₂max, if known), with a Borg score maintained at 3–6.
Intermediate-risk: 50–60% HRR (or 30–40% VO₂max, if known), with a Borg score maintained at 3–5.
High-risk: 30–50% HRR (or 30% VO₂max, if known), with a Borg score maintained at 2–4. [Note: HRR (heart rate reserve) = 220 – patient age – resting heart rate; target heart rate = (HRR × intensity%) + resting heart rate; VO₂max refers to maximal oxygen consumption]
	Low-risk: 50%–75% 1RM,with a Borg score maintained at 3–6.
Intermediate-risk: 30%–50% 1RM,with a Borg score maintained at 3–5.
High-risk: <30% 1RM,with a Borg score maintained at 2–4.
(1RM refers to the maximum weight that can be lifted in a single repetition) Maintain a Borg score of 2–4
	Starting intensity at 30% of maximal inspiratory pressure, adjusted based on patient tolerance
	Borg score: 0–2.

	
	3.6 Precautions
	3.6.1 Adopt a combined approach of aerobic/resistance/bed-based progressive activities with breathing exercises, using an “exercise–rest–exercise” intermittent pattern, following the principle of gradual progression.

	
	
	3.6.2 Avoid breath-holding (Valsalva maneuver), competitive sports, and positions that may cause discomfort.

	
	
	3.6.3 High-risk patients require careful physician evaluation and may have individualized adjustments

	
	
	3.6.4 A 5–10 minute warm-up should be performed before training (e.g., slow walking, joint mobility exercises, dynamic stretching, slow deep breathing, chest expansion exercises), with a Borg score not exceeding 2. A 5–10 minute cool-down should be performed after training (e.g., gradually decreasing walking intensity, static stretching, slow breathing, chest relaxation), with a focus on monitoring the steady return of heart rate and blood pressure to baseline.

	
	3.7 Indications for Suspension
	3.7.1 Discontinue exercise immediately if significant discomfort occurs during exercise (e.g., chest pain, dyspnea, dizziness, blurred vision, syncope)

	
	
	3.7.2 During exercise, monitoring devices (such as pulse oximeters, wearable electronic devices, etc.) should be used to track oxygen saturation (SpO₂) and heart rate. When conditions permit, additional parameters such as blood pressure and respiratory rate may also be monitored. If vital signs become unstable during exercise, the activity should be stopped immediately. If SpO₂ drops by more than 5%, exercise should be stopped immediately and supplemental oxygen administered.

	
	3.8 Altitude gradient adjustment
	3.8.1 Baseline: This program is established with Xining’s altitude as the baseline (2261 meters). All exercise prescriptions should be developed and adjusted based on the patient’s current residence or training altitude

	
	
	3.8.2 Principle: Adjustments should be made with the aim of not causing significant discomfort. Recommended adjustments: at altitudes of 2000–2500 meters, implement according to the baseline; at altitudes of 2500–3000 meters, it is recommended to reduce exercise intensity and duration to 80%–90% of the baseline; at altitudes of 3000–4000 meters, it is recommended to reduce exercise intensity and duration to 60%–80% of the baseline.

	
	
	3.8.3 At very high altitudes (>4000 meters), focus on low-intensity activities of daily living and breathing exercises; aerobic and resistance training require close physician evaluation and supervision

	4 Health Education
	4.1 Oxygen therapy guidance
	4.1.1 For patients with exercise-induced hypoxemia, supplemental oxygen should be provided during exercise; however, routine oxygen supplementation for all pulmonary rehabilitation patients is not recommended.

	
	
	4.1.2 For patients with resting hypoxemia, daily oxygen therapy duration ≥15 hours, flow rate 2–4 L/min, target: maintain SpO₂ >5% above pre-oxygenation levels.

	
	4.2 Airway clearance guidance
	4.2.1 For patients with retained secretions who are unable to expectorate, airway clearance techniques should be selectively used based on the patient's condition.

	
	
	4.2.2 Techniques: forced expiration technique, active cycle of breathing technique (ACBT), positive expiratory pressure (PEP) technique, etc.

	
	4.3 Nutritional guidance
	4.3.1 Differentiated energy support based on heart function classification: stable patients (WHO-FC I–II) receive 30–35 kcal/kg/day (ideal body weight); patients with severe disease or heart failure (WHO-FC III–IV) receive 35–40 kcal/kg/day to counteract hypermetabolism and prevent malnutrition.

	
	
	4.3.2 Daily protein intake 1.2–1.5 g/kg (ideal body weight), prioritizing high-quality protein (fish, meat, eggs, milk, soy products, etc.).

	
	
	4.3.3 Eat small, frequent meals; 3–5 meals per day is recommended.

	
	
	4.3.4 For patients with comorbidities such as diabetes, hypertension, kidney disease, or obesity, adjustments should be made dynamically by the attending physician and nutritionist based on changes in the condition.

	
	4.4 Medication management and adherence education
	4.4.1 Educate patients to adhere to the principle of “fixed timing, fixed dosage, fixed method, and fixed course” when taking medications. Self-discontinuation or dosage adjustment is strictly prohibited. Any medication changes must be determined by the physician after follow-up evaluation.

	
	
	4.4.2 Inform patients about common medication side effects and indications of serious adverse effects requiring immediate medical attention (e.g., syncope, severe hypotension, etc.).

	
	
	4.4.3 Remind patients to consult a physician or pharmacist before taking any new medication to avoid drug interactions.

	
	4.5 Lifestyle guidance
	4.5.1 Guide patients to maintain a regular daily routine, improve sleep quality, reasonably allocate energy during the day, and avoid excessive fatigue.

	
	
	4.5.2 Encourage patients, as their physical condition allows, to gradually resume appropriate social activities and hobbies to promote mental health and social role readjustment.

	
	4.6 Implementation methods
	4.6.1 Provide health education through diverse channels, including face-to-face instruction, educational brochures, online platforms (WeChat groups, short video platforms, mini-programs, etc.), community activities, and regular home visits.

	
	
	4.6.2 Education methods should be tailored to local conditions and individual circumstances, taking into account the patient's living environment, receptivity to knowledge, family support, and cultural background, to ensure the feasibility and effectiveness of the guidance.

	5 Psychological Support
	5.1 Psychological state assessment
	5.1.1 Assess the patient’s psychological status; patients identified with moderate to severe anxiety or depression should receive professional intervention from a psychologist.

	
	5.2 Psychological empowerment
	5.2.1 Positive reinforcement: praise patients who achieve phased goals; for those who do not, discuss obstacles and provide encouragement to enhance adherence.

	
	
	5.2.2 Peer education: encourage communication among patients to share personal pulmonary rehabilitation experiences.

	
	
	5.2.3 Family support: encourage and guide family members to provide effective emotional support and psychological care for the patient.

	
	5.3 Coping strategies training
	5.3.1 Teach patients simple coping techniques, such as relaxation training (e.g., diaphragmatic breathing relaxation, progressive muscle relaxation) and distraction techniques (e.g., listening to music, simple handicrafts), to alleviate acute anxiety, tension, and other discomforts.

	6 Follow-up Management
	6.1 Follow-up content
	6.1.1 Mandatory assessment items: ① Function and symptoms: 6-minute walking distance, dyspnea score, cardiac function classification, activities of daily living, anxiety and depression scores, nutritional status. ② Physiological indicators: Resting and post-exercise oxygen saturation (SpO₂), heart rate, blood pressure, body weight. ③ Self-management: Medication adherence, home oxygen therapy compliance, symptom changes, rehabilitation training completion rate. ④ Quality of life: Quality of life questionnaire. ⑤ Satisfaction feedback.

	
	
	6.1.2 Optional assessment items (to be selected as clinically indicated during hospital follow-up): Echocardiography, cardiopulmonary exercise testing, laboratory tests (BNP or NT-proBNP, complete blood count, blood biochemistry, biomarkers, etc.), right heart catheterization (RHC), peripheral muscle strength, etc.

	
	6.2 Follow-up frequency
	6.2.1 Follow-up evaluation every 3–6 months.

	
	
	6.2.2 If the condition becomes unstable or new/worsening symptoms develop, the patient should return to the hospital immediately for re-evaluation.

	
	6.3 Follow-up methods
	6.3.1 High-risk/unstable patients: hospital follow-up as the core, with community/home follow-up providing close support and online follow-up for daily monitoring.

	
	
	6.3.2 For stable, remotely residing, or elderly patients: online follow-up for daily management, combined with periodic community follow-up or hospital follow-up for completion of indicator assessments.
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	No.
	Items
	Expert opinion
	Research team opinion
	Adopted

	1
	1.3.6
	Tai Chi and Baduanjin are already included in rehabilitation practice; it is unnecessary to add a traditional Chinese medicine (TCM) physician.
	The value of a TCM physician extends beyond traditional exercises to include various modalities such as Chinese herbal medicine, acupuncture, and constitution-based identification. Including TCM physicians in the extended team (as needed) reflects the concept of multidisciplinary collaboration, while maintaining flexibility for healthcare institutions with such resources. This approach does not mandate TCM physician involvement, thereby avoiding resource redundancy.
	Not adopted

	2
	2.2.2
	Add “uncontrolled hypertension” as a relative contraindication.
	Uncontrolled hypertension is already addressed in the safety indicators (Section 2.2.1) through the specified ranges for mean arterial pressure and systolic blood pressure. Adding it separately would create redundancy; therefore, it was not included.
	Not adopted

	3
	3.3.1
	Standardize the description of exercise duration using consistent units (e.g., times/day, sets/session, or minutes/session).
	Adopting a standardized format improves the clarity and consistency of the exercise prescription, making it easier for clinicians and patients to understand and implement.
	Adopted

	4
	3.8.2
	It is suggested to specify “oxygen saturation (SpO₂) targets at different altitudes.”
	Currently, there is insufficient evidence to support establishing SpO₂ targets at different altitudes for patients with pulmonary hypertension undergoing pulmonary rehabilitation. Therefore, this suggestion is not adopted for the current program. However, it holds important clinical value and is recommended as a direction for future research once sufficient evidence becomes available.
	Not adopted

	5
	3.8.3
	Revise “low-intensity activities of daily living” to “activities of daily living.”
	“Activities of daily living” inherently fall within the low-intensity category. Simplifying the wording makes the item more concise while preserving its original meaning.
	Adopted

	6
	3
	Add “rehabilitation goals.” With assessment and prescription in place, clear rehabilitation goals (e.g., time-bound functional or clinical targets) should also be established.
	This suggestion is clinically significant and enhances the guidance and evaluability of the rehabilitation program. Accordingly, a second-level item “Dynamic management of rehabilitation goals” and two corresponding third-level items were added.
	Adopted

	7
	3.6.4
	It is suggested to delete this item, as warm-up can be included in the training itself and does not need to be addressed separately.
	In high-altitude hypoxic environments, the cardiovascular system is more sensitive to changes in exercise load. Presenting warm-up and cool-down as a separate item helps reinforce awareness of safety implementation and reduces exercise-related risks. Therefore, this item was retained and not deleted.
	Not adopted

	8
	4.3.1
	It is suggested to add an example of energy estimation.
	Adding an example of energy estimation helps improve the operability of nutritional guidance and makes it easier for patients to understand and implement. Given the availability of various mobile applications, a note was added to the program: “using relevant mobile applications for calculation,” providing a specific and actionable tool.
	Adopted

	9
	6.1.1
	For bedridden or severely functionally impaired patients who cannot perform the 6-minute walk test, selective assessment should be applied.
	The 6-minute walk test is indeed not applicable to bedridden or severely functionally impaired patients. Adopting this suggestion helps reflect the principle of individualized assessment and avoids the issue of inapplicability caused by a one-size-fits-all approach. Accordingly, a note was added to the follow-up content: “selectively assessed based on the patient’s individual condition,” clarifying that assessment methods should be flexibly chosen according to the patient’s actual functional status.
	Adopted



