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Supplementary Table S1. HRH stakeholder profile (n = 250)
	Dimension
	Category
	n
	%

	Stakeholder role
	Faculty educators
	78
	31.2

	Stakeholder role
	Students or trainees
	54
	21.6

	Stakeholder role
	Educational/workforce administrators
	38
	15.2

	Stakeholder role
	Health or elder-care practitioners
	47
	18.8

	Stakeholder role
	Researchers or policy experts
	33
	13.2

	Institution type
	Universities or medical colleges
	72
	28.8

	Institution type
	Applied undergraduate or vocational colleges
	49
	19.6

	Institution type
	Hospitals or community health centers
	45
	18.0

	Institution type
	Elderly-care or long-term care institutions
	39
	15.6

	Institution type
	Rehabilitation or wellness service organizations
	28
	11.2

	Institution type
	Digital health or smart health enterprises
	17
	6.8

	Geographic region
	Northeast China
	82
	32.8

	Geographic region
	East China
	54
	21.6

	Geographic region
	North China
	37
	14.8

	Geographic region
	Central China
	31
	12.4

	Geographic region
	South China
	25
	10.0

	Geographic region
	West China
	21
	8.4

	Service domain
	Health management
	58
	23.2

	Service domain
	Elderly care and long-term care
	49
	19.6

	Service domain
	Rehabilitation and chronic disease management
	42
	16.8

	Service domain
	Nursing or public health services
	37
	14.8

	Service domain
	Medical or clinical services
	31
	12.4

	Service domain
	Health informatics or service management
	33
	13.2

	Governance level
	National or provincial
	58
	23.2

	Governance level
	Municipal
	96
	38.4

	Governance level
	County or district
	54
	21.6

	Governance level
	Institutional or program level
	42
	16.8


Supplementary Table S2. Supplementary HRH indicators and operational definitions
	Indicator
	Source/sample
	Scale or formula
	HRH interpretation

	Graduate role readiness
	All respondents (n = 250)
	Mean of 4 items, 1-5
	Preparation for interdisciplinary smart health work roles

	Job-role fit
	All respondents (n = 250)
	Mean of 3 items, 1-5
	Fit between training content and target positions

	Deployment flexibility
	All respondents (n = 250)
	Mean of 3 items, 1-5
	Ability to work across health management, elderly care, rehabilitation, and digital service settings

	Retention intention
	Students/trainees and practitioners (n = 101)
	Mean of 3 items, 1-5
	Willingness to remain in smart health or long-term care related roles

	Service-delivery readiness
	All respondents (n = 250)
	Mean of 4 items, 1-5
	Readiness to support technology-enabled, coordinated, people-centered services

	Employer/practitioner practical readiness
	Administrators and practitioners (n = 85)
	Mean of 5 items, 1-5
	External assessment of graduates or trainees for workplace tasks

	Skill-mix coverage index
	Curriculum documents (n = 42)
	Covered competencies / 58 required competencies x 100
	Extent to which the curriculum covers the required smart health skill mix


Supplementary Table S3. Supplementary HRH descriptive indicators
	Indicator
	N
	Mean
	SD
	Median
	Minimum
	Maximum

	Graduate role readiness
	250
	3.46
	0.64
	3.50
	1.80
	5.00

	Job-role fit
	250
	3.39
	0.68
	3.40
	1.60
	5.00

	Deployment flexibility
	250
	3.31
	0.71
	3.30
	1.40
	4.90

	Service-delivery readiness
	250
	3.43
	0.62
	3.40
	1.80
	5.00

	Retention intention
	101
	3.52
	0.76
	3.60
	1.20
	5.00

	Employer/practitioner practical readiness
	85
	3.28
	0.73
	3.20
	1.40
	4.80

	Skill-mix coverage index
	42
	66.2
	14.8
	67.5
	31.0
	91.0


Supplementary Table S4. Supplementary regression results for HRH indicators
	Outcome
	N
	AI-MKG beta
	AI-MKG p
	Alignment beta
	Alignment p
	Adjusted R2

	Graduate role readiness
	250
	0.18
	0.004
	0.41
	<0.001
	0.36

	Job-role fit
	250
	0.12
	0.041
	0.46
	<0.001
	0.34

	Skill-mix coverage index
	42
	0.16
	0.013
	0.38
	<0.001
	0.30

	Deployment flexibility
	250
	0.14
	0.022
	0.35
	<0.001
	0.27

	Service-delivery readiness
	250
	0.15
	0.014
	0.43
	<0.001
	0.33

	Retention intention
	101
	0.08
	0.274
	0.27
	<0.001
	0.18

	Employer/practitioner practical readiness
	85
	0.11
	0.162
	0.39
	<0.001
	0.29


Supplementary Table S5. AI-MKG graph structure
	Graph layer
	Primary data source
	Nodes
	Example relationship

	Knowledge concepts
	Course syllabi and teaching resources
	1248
	Concept prerequisite_of concept

	Course modules
	42 course syllabi
	186
	Course teaches knowledge concept

	Competency standards
	18 competency or occupational-standard documents
	58
	Competency requires task

	Practical service tasks
	64 practical training protocols and 126 job descriptions
	96
	Task maps_to competency

	Occupational roles
	126 smart health job descriptions
	32
	Role requires competency

	Assessment and training resources
	312 assessment tasks and 110 training resources
	422
	Assessment assesses competency

	Policy and governance elements
	11 policy or institutional documents
	41
	Policy updates competency standard

	Total
	All sources
	2083
	5,734 total edges across seven relationship types


Supplementary Table S6. AI-MKG expert validation and pilot evaluation
	Evaluation metric
	Result
	Method or denominator
	Interpretation

	Triple precision
	87.9%
	369 correct triples / 420 sampled triples
	Most sampled graph relations were expert-verified

	Relation recall
	75.8%
	91 present relations / 120 expert-specified essential relations
	The graph captured most essential curriculum-task-competency links

	F1 score
	81.4%
	Harmonic mean of precision and recall
	Acceptable proof-of-concept graph quality

	Entity normalization accuracy
	91.6%
	572 correctly normalized entities / 624 reviewed entities
	Similar course, task, and competency labels were usually merged correctly

	Expert agreement
	kappa = 0.78
	12 experts, role-competency mapping task
	Substantial agreement

	System Usability Scale
	78.6 +/- 8.9
	38 pilot users
	Good perceived usability

	Curriculum-gap identification time
	41.2 to 26.5 minutes
	Paired pilot task, p < 0.001
	35.7% reduction in review time

	Gaps identified per curriculum review
	5.8 to 9.4 gaps
	Paired pilot task, p < 0.001
	More curriculum-workforce gaps identified

	Accepted alignment recommendations
	72.4%
	186 accepted recommendations / 257 generated recommendations
	Most recommendations were considered actionable

	Planning usefulness rating
	4.12 +/- 0.61
	Five-point scale, 38 pilot users
	Users viewed the graph as useful for planning


Supplementary Table S7. Supplementary content-validity evidence
	Construct
	Experts
	I-CVI range
	S-CVI/Ave
	Decision

	Perceived AI-MKG support
	12
	0.83-1.00
	0.93
	Retain all five items

	Curriculum-workforce alignment
	12
	0.83-1.00
	0.90
	Retain all four items; refine two lower-loading items in future studies

	Smart health workforce development quality
	12
	0.83-1.00
	0.91
	Retain all five items; add objective outcome indicators in future studies

	Supplementary HRH indicators
	12
	0.92-1.00
	0.95
	Use as criterion-related indicators, not replacements for longitudinal outcomes


Supplementary Table S8. International transferability scenarios for HRH use
	Health-system context
	HRH pressure point
	AI-MKG use case
	Planning output

	Aging high-income systems
	Long-term care, rehabilitation, home care, and digital monitoring roles are expanding faster than training pipelines.
	Map long-term care tasks to digital, rehabilitation, communication, and care-coordination competencies.
	Skill-mix redesign and continuing-training priorities

	Middle-income systems with rapid digital health adoption
	Digital platforms are deployed before workforce competencies and assessment standards are aligned.
	Connect platform functions, job tasks, course modules, and assessment evidence.
	Curriculum renewal roadmap and role-specific training modules

	Resource-constrained primary care systems
	Community and primary-care workers need targeted upskilling for chronic disease and digital reporting tasks.
	Identify the minimum competency set shared across community health, chronic care, and digital reporting roles.
	Priority micro-credential package and deployment checklist

	Decentralized education and employer markets
	Employers, educators, and regulators use inconsistent competency language.
	Normalize job descriptions, competency frameworks, and course outcomes into a shared graph.
	Common competency dictionary and accreditation evidence map


Supplementary Table S9. HRH governance workflow enabled by AI-MKG
	Governance user
	Data contributed
	Decision supported
	Concrete output

	Education department or accreditation body
	Program standards, curriculum maps, assessment criteria
	Program approval, accreditation, and periodic curriculum review
	Annual competency-gap report and required revision list

	Health commission or workforce-planning unit
	Regional service demand, priority roles, policy targets
	Training-seat allocation and regional skill-mix planning
	Regional smart health workforce demand-supply map

	Hospitals and community health centers
	Job tasks, deployment needs, continuing-education records
	Role redesign, deployment preparation, and in-service training
	Role-specific training pathway and deployment-readiness checklist

	Elderly-care and long-term care institutions
	Care tasks, staff capability profiles, retention risks
	Care-worker upskilling, retention support, and task delegation
	Competency passport and retention-risk training plan

	Vocational and higher-education institutions
	Courses, practical modules, assessment tasks, graduate feedback
	Curriculum renewal and graduate employability improvement
	Course-practice-assessment alignment map

	Digital health enterprises
	Platform functions, workflow changes, technical skill requirements
	Technology-related workforce preparation
	Updated digital skill module and micro-credential requirement



