
Supplementary Material
Supplementary Material A. Illustrative applications of the six-dimensional risk trigger matrix (hypothetical composite scenarios)
Case A: Lifestyle guidance assistant for the general population
An LLM-powered “healthy living assistant” primarily offers general exercise and nutrition tips based on users’ daily routines and food preferences.5-7,22 It does not connect to wearable or medical devices and avoids diagnostic or therapeutic language.31-35,42-47 Matrix assessment: intended use and claims (Green); user context (Green); depth of personalization (Green); data/sensor sources (Green); automation, human oversight and closed-loop control (Green); and upgrades and change pathways (Green). This scenario is wellness-compatible under the proposed rubric, provided that claims and functions remain within the stated scope.
Case B: Diabetes management coach with continuous glucose monitoring
In addition to basic health guidance, this hypothetical application ingests continuous glucose monitoring (CGM) data and claims to help people with type 2 diabetes manage blood glucose and optimize diet and exercise around medication use.9,26 It automatically adjusts recommended exercise intensity and carbohydrate intake based on real-time glucose fluctuations. Under the revised anchors, intended use and claims (Red), user context (Red), depth of personalization (Red), data/sensor sources (Red), and automation/human oversight/closed-loop control (Red) trigger an overall Red profile. If the product also permits online learning or major changes without documented impact assessment, validation, approval, and monitoring, Dimension 6 is Red and an M flag applies.31-35,42-50
Case C: Post-procedural cardiac rehabilitation follow-up assistant
A hospital-industry LLM-based follow-up system targets patients after coronary interventions. It combines EHR data, wearable heart-rate information, and patient-reported symptoms to generate staged home-based exercise prescriptions and may advise urgent care when abnormal patterns or chest-pain descriptions are detected.24,25,39-41,47 Under the revised anchors, intended use and claims (Red), user context (Red), depth of personalization (Red), and data/sensor sources (Red) establish a high-concern profile. If the system automatically adjusts intensity, follow-up, or safety-critical referral without qualified human confirmation, Dimension 5 is Red and the overall profile remains Red. Where change-control information is not documented, Dimension 6 should be recorded as “Insufficient information—requires expert/regulatory review”; an interval designation should not be used.
Together, these cases illustrate application of the anchored rubric and non-compensatory aggregation rules. They are hypothetical composite scenarios and are intended for governance screening, training, and evidence planning only. They do not provide legal classification or compliance advice for any real product.
Supplementary Material B. Representative mapping examples and indicative governance pathways
This appendix presents representative scenario mappings between typical language and functional fragments and the six-dimensional trigger matrix. The mapping examples are analytical illustrations. They do not constitute legal classification, formal compliance advice, or a substitute for engagement with relevant competent authorities.
Supplementary Figure 1 presents four representative panels under the revised anchored rubric and aggregation rules: Panel A depicts a general lifestyle guidance assistant; Panel B, a grey-zone physiological-improvement assistant; Panel C, a diabetes-related high-risk configuration; and Panel D, a post-procedural cardiac rehabilitation configuration.
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Supplementary Figure 1. Representative scenario mappings for applying the six-dimensional trigger matrix. Panel A depicts a general lifestyle guidance assistant with a Green profile. Panel B depicts a grey-zone physiological-improvement assistant with a Yellow profile. Panel C depicts a diabetes-related high-risk configuration with a Red profile. Panel D depicts a post-procedural cardiac rehabilitation configuration with a Red profile. For all panels, D1 denotes intended use and claims; D2, user context; D3, depth of personalization; D4, data and sensor sources; D5, automation, human oversight and closed-loop control; and D6, upgrades and change pathways. G, Y, and R denote Green, Yellow, and Red, respectively. The figure illustrates representative governance-screening profiles only and does not constitute legal classification or compliance advice for any specific product.
AI-assisted conceptual-figure disclosure: Google Gemini 3.1 Pro (web-based Gemini application; accessed April 2026) was used during early conceptual visual drafting of the schematic figures. OpenAI ChatGPT (web-based application; accessed June 2026) was used in a limited manner for language, structural, and visual editing assistance during manuscript preparation and figure revision. Generative AI was not used to generate or manipulate research data, clinical images, statistical analyses, scoring matrices, or the independent-rater agreement results. The authors checked, revised, and approved all final text, figures, tables, and references, and take full responsibility for the accuracy and integrity of the submitted work. The authors confirm that they have the right to publish the final figures and retain available prompts and intermediate versions for editorial review if requested.
Supplementary Material C. Illustrative mapping of the structured risk-governance checklist to NMPA review points and KPI thresholds
This supplementary material provides an indicative mapping between domains in the structured risk-governance checklist (Section 5) and representative NMPA review points, together with illustrative KPI thresholds that may help operationalize the checklist. All mappings and thresholds are illustrative and should be adapted to the concrete product profile, risk level, and regulations and technical guidance in force at implementation.
Supplementary Table 1. Illustrative mapping between the structured risk-governance checklist and NMPA review focus and related legal/policy bases
	Risk-governance checklist domain / representative items
	Corresponding NMPA review focus and related legal/policy basis (illustrative)
	Explanation of mapping (how they align)
	Remarks

	1. Data governance and privacy/security – e.g., data minimisation; privacy notice and, where required, valid consent; access control; and audit logging
	• Basic safety and effectiveness requirements under the Regulation on the Supervision and Administration of Medical Devices • Technical Review Guidance for Cybersecurity of Medical Devices (where applicable) • Relevant provisions of the Personal Information Protection Law, Data Security Law and Cybersecurity Law
	Items in Section 5 related to data governance, privacy and cybersecurity correspond to NMPA expectations on compliant collection, storage, transmission and access control for medical device software and networked devices, and must also respect legal boundaries for processing personal information and important data.
	Applicable to all LLM-based health applications that process identifiable personal health or other sensitive data.

	2. Bias and representativeness – e.g., diversity of training/testing data; bias audits in vulnerable groups; subgroup performance evaluation
	• (Where applicable) Technical Review Guidance for Artificial Intelligence Medical Device Software, including requirements on training data and generalisability • Statistical guidance documents for medical devices • Regulations and guidance on the use of real-world data/evidence
	Checklist items on “training/testing data diversity” and “key subgroup performance differences” align with NMPA concerns about sample representativeness, generalisability and statistical robustness in AI medical devices, including disclosure of data sources, structure and bias-mitigation strategies.
	Especially relevant for products targeting high-risk or vulnerable populations in exercise and health guidance.

	3. Model and data documentation – e.g., algorithm description; model card and version control; logging and traceability
	• Technical Review Guidance for Medical Device Software Registration • Technical Review Guidance for Artificial Intelligence Medical Device Software (where applicable) • General NMPA requirements on clinical evaluation and technical documentation
	Checklist requirements on “model and data documentation” map to NMPA review points concerning software architecture, algorithm description, version management, change records and traceability, and support the provision of a complete evidence chain in registration dossiers and on-site inspections.
	It is advisable to design the documentation system at an early product-development stage in line with these expectations.

	4. Human-in-the-loop and referral thresholds – e.g., risk-stratified human supervision; mandatory review in high-risk scenarios; staff training and qualification
	• Risk-control and safe-use requirements in the Regulation on the Supervision and Administration of Medical Devices • Technical guidance on risk management and instructions for use • Regulatory expectations emphasising appropriate professional oversight in AI-assisted decision support
	Checklist items on “human-in-the-loop” and referral thresholds align with NMPA expectations on human–machine collaboration and appropriate professional responsibility, including setting human-review thresholds for high-risk outputs, establishing referral and escalation pathways, and training users with appropriate qualification and competence records.
	Particularly critical in scenarios involving high-risk exercise prescription adjustments and acute event alerts.

	5. Transparency and risk communication – e.g., non-replacement of clinicians; usage limits and risk disclosures; user-facing information materials
	• Requirements on labeling and instructions for use for medical devices • NMPA technical requirements on benefit–risk information disclosure • Regulatory norms concerning advertising and promotional claims
	Checklist items on transparency and risk communication align with NMPA scrutiny of labels, instructions and risk notices, including avoiding misleading claims, accurately specifying indications/contraindications and explaining product limitations.
	Can also be coordinated with hospital ethics committees’ expectations on patient information and expectation management.

	6. Post-market surveillance and change control – e.g., feedback and complaint handling; reporting of adverse and near-miss events; predetermined change control plan (PCCP)
	• Regulations on medical device adverse event monitoring and re-evaluation • Good Manufacturing Practice for Medical Devices and annexes • For continuously updated AI/software, NMPA technical requirements on software change management and substantial modifications
	Checklist items on post-market surveillance and change control are aligned with NMPA requirements on ongoing monitoring, proactive collection of real-world evidence, impact assessment of changes and reporting obligations, and emphasise the need to embed LLM-related updates into the existing quality management system.
	PCCP-like design concepts may draw on FDA practice, but any local adoption should be framed cautiously and aligned with evolving NMPA expectations.


Note: This table is illustrative only. The actual compliance pathway for any product must be determined in light of its functions, risk classification, and the regulations and technical guidance valid at the relevant time.
Supplementary Table 2. Illustrative KPI thresholds and supporting evidence for the structured risk-governance checklist
	KPI ID
	KPI description
	Suggested threshold / target
	Main reference frameworks or sources (illustrative)
	Scope of application and additional notes

	KPI-1
	Number of incidents involving leakage of sensitive personal health data
	Target: 0 reportable material data-breach incidents per year; 100% incident response and documentation for any detected event
	• Safety and robustness requirements for high-risk AI systems under the EU AI Act • Data-protection regulations (e.g., GDPR principles) and general requirements under China’s Personal Information Protection Law and Data Security Law • NMPA guidance on cybersecurity for medical devices
	Applies to all LLM applications that process identifiable health data. Any leakage should trigger root-cause analysis, corrective and preventive actions (CAPA) and, where required, regulatory reporting.

	KPI-2
	Differences in task-appropriate performance metrics across critical subgroups (e.g., escalation accuracy, unsafe recommendation rate, clinically significant error rate, or F1 score, as appropriate)
	Suggested: subgroup performance differences should remain within a pre-specified clinically acceptable margin (for example, <5% where such a threshold is justified)
	• Recommendations on subgroup reporting and fairness in DECIDE-AI, SPIRIT-AI and related frameworks • EU AI Act provisions on avoiding discriminatory impacts • Literature on fairness and bias mitigation in AI medical devices
	Applicable where there is substantial risk of performance disparities (e.g., across sex, age, comorbidities, socioeconomic status). The exact threshold should be adjusted according to disease area and clinically acceptable error margins.

	KPI-3
	Coverage of traceable logs for critical decisions or high-risk outputs
	Target: 100%
	• IMDRF GMLP emphasis on traceability and audit trails • NMPA expectations on traceability for software changes, issue tracking and adverse event investigation • Good-practice summaries (e.g., RSNA publications) on logging in imaging AI
	Applies to all outputs used for diagnosis, treatment advice, or high-risk exercise-prescription adjustments. Logs should at least include a privacy-preserving input record or summary, model or version identifier, timestamp, output category, and relevant user or clinician actions.

	KPI-4
	Risk-proportionate human-review coverage for high-risk recommendations and safety-critical escalation outputs
	High-risk triggers: mandatory system interception and qualified human confirmation before delivery or implementation. Medium-risk or borderline outputs: periodic retrospective human audit using a pre-specified sampling rate, such as ≥10% or another justified risk-based threshold.
	• Risk-proportionate oversight principles in AI-enabled device guidance and SaMD lifecycle frameworks • NMPA requirements that major medical decisions be made or ultimately confirmed by appropriately qualified professionals • DECIDE-AI and related guidance on human–AI collaboration
	Applies to clinical or rehabilitation decision-making and to consumer-facing tools that generate risk alerts. The key control is not universal real-time review of every low-risk output, but mandatory interception of high-risk triggers and documented retrospective auditing of lower-risk outputs.

	KPI-5
	User understanding of key risk notices and usage limitations
	Suggested: ≥90% correct comprehension of critical warnings and usage limitations among intended users in usability or comprehension testing
	• Regulations on medical device labeling and instructions for use • Research on health literacy and risk communication • Evaluation practices for patient education in digital health interventions
	May be assessed via questionnaires, short quizzes or usability tests, especially for tools aimed at the general public or frail patients in exercise and health guidance.

	KPI-6
	Proportion of serious adverse events reported within the required time frame
	Target: 100%
	• Regulations on medical device adverse event monitoring • Core requirements from NMPA, EU and FDA for timely reporting of serious adverse events • Practice on using real-world data/evidence in safety monitoring
	Applies to software classified as medical devices. The “required time frame” should be set in accordance with the relevant regulations and local regulatory expectations.

	KPI-7
	Regression-test coverage for major model, rule-base, or safety-critical content updates
	Suggested: 100% coverage of predefined safety-critical test cases and near-complete coverage of critical functions
	• FDA concepts underlying predetermined change control plans (PCCPs) • NMPA technical requirements on substantial software changes and re-evaluation • Software-engineering and MLOps norms on regression testing
	Applicable to LLM applications with frequent update needs. Criteria for “major updates” should be defined in advance, with corresponding testing and documentation procedures.

	KPI-8
	Prompt robustness, hallucination-trigger rate and output-consistency monitoring for safety-relevant prompts
	Suggested: 100% completion of predefined prompt-sensitivity and red-teaming test cases before major release; no unresolved high-severity hallucination or unsafe exercise-advice cases in the release gate; ongoing post-deployment monitoring with CAPA for recurrent triggers.
	• MI-CLEAR-LLM reporting items for LLM accuracy evaluation • FDA PCCP and AI-enabled device lifecycle concepts for change control and safety monitoring • IMDRF GMLP principles for model development and lifecycle governance
	Applies to all LLM-based applications that generate personalised exercise, rehabilitation or risk-warning text. A maintained red-teaming dataset should include edge cases such as chest pain, dyspnoea, syncope, medication changes, post-operative restrictions and conflicting user prompts.


Note: KPI thresholds are illustrative suggestions. Concrete values should be calibrated based on disease area, use context, existing evidence, prompt-risk profile, and dialogue with regulators.
Supplementary Material D. Traceability audit and construct-retention rationale for the six-dimensional risk trigger matrix
This supplementary material documents how the six dimensions of the proposed trigger matrix were derived from the core source corpus and why related constructs were either retained, combined, or treated as cross-cutting governance requirements. Supplementary Table 3 maps key legal, regulatory, technical, and health-AI evaluation sources to the source-specific governance signals extracted and to the dimensions they support. Supplementary Table 4 explains the construct-retention and non-merger decisions, including why the dimensions are not claimed to be statistically orthogonal and why human oversight, privacy, evidence generation, and model architecture are not treated as additional stand-alone dimensions. The tables are intended to increase transparency and facilitate later expert validation; they do not constitute a formal legal classification method.19–29,25–44
Supplementary Table 3. Traceable source/regulation-to-dimension mapping for the six-dimensional risk trigger matrix
	Core source / reference(s)
	Authority and source role
	Source-specific governance signal extracted
	Dimensions supported
	Role in the retention decision and boundary

	China: Regulations on Supervision and Administration of Medical Devices (Ref 30)
	Binding national medical-device regulation; China-anchored legal backbone.
	Medical-device risk is assessed in relation to the product’s intended purpose, structural characteristics, and method of use; establishes the need to distinguish medical from non-medical use and to manage safety across the product lifecycle.
	D1; D2; D5; D6
	Anchors D1 as the primary classification question and supports the relevance of deployment context, use method, and lifecycle controls. It does not by itself create detailed LLM-specific thresholds.

	China: Rules for Classification of Medical Devices and Provisions for Medical Device Registration and Filing (Refs 31–32)
	Binding/implementing classification and registration instruments.
	Classification and registration depend on intended use, risk, and product characteristics; submitted documentation must support safety and effectiveness across the declared use.
	D1; D2; D5; D6
	Reinforces that claims and intended users cannot be separated from risk evaluation and that material software changes require controlled documentation. Does not independently specify personalization levels.

	China: CMDE Guideline for the Review of Artificial Intelligence Medical Devices and Guideline for the Review of Medical Device Software Registration (Refs 25–26)
	Formal technical-review guidance for AI-enabled medical devices and medical-device software.
	Requires attention to algorithm description, data quality, validation, software configuration, version management, traceability, and risk control for AI/software functions.
	D3; D4; D5; D6
	Provides China-specific support for retaining data, automation/control, and update pathways as distinct governance questions. Personalization is retained where algorithmic adaptation materially changes outputs, not because every AI function is personalized.

	China: Personal Information Protection Law, Data Security Law, and Cybersecurity Law (Refs 42–44)
	Binding horizontal data-governance and cybersecurity laws.
	Processing identifiable and sensitive information requires lawful, secure, and proportionate governance; data handling and access controls remain material where health-related data are used.
	D4 (primary); D6 (supporting)
	Supports the distinction between data-source categories and related governance intensity. These laws support data governance but do not independently determine whether a product has a medical purpose.

	China: Internet Diagnosis and Treatment, Internet Hospital, and Telemedicine Measures (Refs 39–41)
	Healthcare-service context instruments.
	Clinical workflow, qualified personnel, remote service arrangements, and referral responsibilities affect how health-related outputs are delivered and acted upon.
	D2; D5
	Supports the separation of user/deployment context from the automation and oversight arrangement. It is used to clarify service context, not to classify every remote health tool as a medical device.

	European Union: Regulation (EU) 2017/745 on medical devices (Ref 33)
	Binding EU medical-device regulation.
	Medical-device qualification and software classification are tied to intended purpose; Rule 11 addresses software used to provide information for decisions with diagnostic or therapeutic purposes and the potential impact of incorrect decisions.
	D1; D2; D5
	Supports D1 as primary and links clinical decision impact and intended setting to D2/D5. It does not prescribe the six-dimensional framework as such.

	European Union: Regulation (EU) 2024/1689 (AI Act) (Ref 34)
	Binding horizontal AI regulation with requirements for high-risk AI systems.
	Uses intended purpose and context of use in risk management; addresses data governance, documentation, human oversight, robustness, logs, post-market monitoring, and modification management.
	D2; D4; D5; D6
	Strong support for treating data, human oversight, and lifecycle change control as distinguishable governance constructs. It does not create a medical-purpose trigger independently of device law.

	United States: FDA Policy for Device Software Functions and Mobile Medical Applications (Ref 38)
	FDA digital-health software policy/guidance.
	FDA oversight focuses on software functions that pose greater patient risk if they fail and on functions that affect device performance; examples distinguish general wellness and device functions by intended use and patient-risk implications.
	D1; D2; D5
	Supports intended use and user/patient context as separable factors and highlights autonomous or device-affecting functionality as a distinct control concern.

	United States: FDA AI-enabled device software functions lifecycle draft guidance (Ref 29)
	FDA draft guidance; non-binding but current regulatory signal.
	Applies a total-product-lifecycle approach to documentation, design, development, implementation, transparency, and risk management for AI-enabled device software functions.
	D3; D4; D5; D6
	Supports separate attention to data inputs, control arrangements, and lifecycle behavior. Because it is draft guidance, it is used as comparative evidence rather than a settled legal rule.

	United States: FDA final PCCP guidance for AI-enabled device software functions (Ref 27)
	FDA final guidance on planned AI-enabled device modifications.
	A PCCP should describe planned modifications, development/validation/implementation methods, and impact assessment so iterative changes can preserve reasonable assurance of safety and effectiveness.
	D6 (primary); D4/D5 (supporting)
	Direct basis for retaining upgrades and change pathways as a separate lifecycle-governance dimension rather than treating updates as a minor technical detail.

	International: IMDRF SaMD key definitions and risk-categorization framework (Refs 35–36)
	International regulatory-consensus documents.
	SaMD is defined by medical purpose; risk categorization depends on the significance of information to healthcare decisions and the state of the healthcare situation or condition.
	D1; D2; D5
	Provides the clearest cross-jurisdictional rationale for separating declared purpose, health situation/user context, and action-relevant significance. It also supports non-compensatory treatment of explicit medical purpose.

	International: IMDRF SaMD clinical evaluation and good machine learning practice (Refs 37 and 28)
	International clinical-evaluation and AI/ML good-practice documents.
	Safety and effectiveness require alignment of intended purpose, data, output performance, clinical context, validation, monitoring, and lifecycle quality practices.
	D2; D3; D4; D5; D6
	Supports the distinction between input/data, output/control, and lifecycle governance. It also supports treating validation and evidence as cross-cutting requirements rather than a seventh trigger dimension.

	Health-AI evaluation and reporting guidance: MI-CLEAR-LLM, DECIDE-AI, SPIRIT-AI, CONSORT-AI and related sources (Refs 19–24)
	Methodological/reporting guidance, not classification law.
	Requires clear intended use, target population, data description, human-AI interaction, performance evaluation, implementation context, and monitoring/reporting.
	D1; D2; D3; D4; D5; D6
	Triangulates the operational observability of all six dimensions and informs evidence artifacts. It is not used to infer a legal classification threshold.

	Exercise and high-risk population guidance: cardiac rehabilitation and pregnancy-related exercise sources (Refs 16–17 and 50)
	Domain-specific clinical guidance and evidence.
	Exercise advice can have different safety implications according to patient condition, physiological status, contraindications, and need for professional supervision.
	D2; D3; D5
	Provides exercise-specific justification for retaining population/context, individualized adaptation, and action control as separate risk modifiers. It is contextual clinical support, not device-classification authority.


Dimension key: D1, intended use and claims; D2, user context; D3, depth of personalization; D4, data and sensor sources; D5, automation, human oversight, and closed-loop control; D6, upgrades and change pathways. “Support” identifies the framework dimensions for which a source supplies a direct conceptual or governance signal; it does not mean that the source alone determines legal classification.
Note: The source corpus is deliberately weighted toward authoritative legal, regulatory, and technical documents. Peer-reviewed literature is used to interpret clinical and implementation implications but is not treated as a substitute for product-specific legal classification. The mapping is a transparent audit trail for framework construction, not a formal cross-jurisdictional concordance or a legal opinion.
Supplementary Table 4. Construct-retention, non-merger, and excluded-construct rationale
Part A. Retained dimensions
	Retained dimension
	Distinct decision question
	Overlap with other dimensions
	Why it is retained separately / not merged
	Decision role in the framework

	D1. Intended use and claims
	What is the product represented to do in its labeling, instructions, interface, marketing, and functional description?
	Overlaps with user context and function, because claims may name a population or action.
	Retained as the primary anchor because declared medical purpose and product claims are commonly central to device qualification. Claims and intended use are combined because they jointly communicate represented purpose; separating them would duplicate the same decision question.
	Primary classification anchor. A Red D1 score is a non-compensatory primary Red trigger.

	D2. User context
	For whom, and in which care, service, or deployment setting, is the product intentionally designed and used?
	Interacts with D1, D3, D4, and D5 because the same function has different risk implications across populations and settings.
	Retained because a general-wellness product used by a healthy adult is not equivalent to a product intentionally designed for post-procedural cardiac patients or embedded in a clinical workflow. Merging it into claims would obscure deployment-specific risk.
	Risk modifier. It contributes to Red interaction triggers when combined with Red personalization, clinical data, or safety-critical automation.

	D3. Depth of personalization
	How far are recommendations individualized beyond user preference matching?
	Depends on available data (D4) and may affect action intensity/control (D5).
	Retained because preference-based selection, rule-based semi-customization, and dynamic adaptation to medical history or physiological status require different validation and safety controls. It cannot be reduced to data type alone because identical data can be used for generic display or individualized adaptation.
	Risk modifier. It contributes to Red interactions when adaptation materially changes a safety-relevant recommendation.

	D4. Data and sensor sources
	What type of information materially drives the product’s output, and whether that information is clinical, medical-grade, consumer-generated, or self-reported?
	Feeds D3 and D5 but remains distinct from how the system uses the data.
	Retained because medical-grade/EHR/diagnostic inputs may materially alter both safety, privacy, and regulatory concern even before full automation is introduced. It cannot be merged with personalization because the same personalization algorithm has different implications depending on data provenance and clinical significance.
	Risk modifier. It contributes to Red interactions when clinical or medical-grade data direct a safety-relevant output.

	D5. Automation, human oversight, and closed-loop control
	Who retains decision and execution control over a safety-relevant output, and can the system autonomously alter, deliver, or escalate an intervention?
	Interacts with user context, personalization, and data sources; human oversight is conceptually related to institutional governance.
	Retained because advice, recommended action requiring confirmation, and automatic safety-relevant action differ even with the same claim and data. Human oversight is nested here because it directly changes the control arrangement and ability to intercept unsafe outputs; it cannot neutralize a Red D1 medical purpose.
	Risk modifier. A Red D5 score can independently generate a Red interaction trigger when it represents a safety-critical closed or near-closed loop.

	D6. Upgrades and change pathways
	Can the model, prompt, rule base, retrieval source, or safety-critical feature change after deployment in a controlled, validated, and monitored manner?
	Interacts with all other dimensions because changes can alter claims, data use, personalization, or automation behavior.
	Retained because a product’s lifecycle behavior is not visible from its initial intended use or interface. It is not merged into automation because static automation and uncontrolled adaptive change pose different governance problems.
	Lifecycle-governance dimension. A Red D6 score requires an M flag and prevents a Green overall profile, but does not alone create medical purpose.


Part B. Candidate constructs not retained as stand-alone matrix dimensions
	Candidate construct
	Disposition
	Reason for disposition
	Where it is addressed instead

	Human oversight
	Nested within D5, rather than a seventh dimension.
	Its key analytical function is to determine whether a person can review, confirm, interrupt, or override a safety-relevant action. This is part of the automation/control arrangement, not a separate medical-purpose trigger.
	D5 rubric; Table 1 governance checklist; referral and escalation procedures.

	Privacy, cybersecurity, bias, transparency, documentation, and explainability
	Cross-cutting governance requirements, not separate boundary-trigger dimensions.
	These requirements matter at multiple risk levels and across more than one dimension. Adding each as a trigger dimension would blur boundary identification with evidence and quality management.
	Table 1 structured risk-governance checklist; Supplementary Tables 1–2; applicable data and AI governance sources.

	Clinical evidence, validation, and performance testing
	Cross-cutting evidence requirements, not a classification trigger.
	Evidence adequacy is a requirement for judging safety and effectiveness after a product profile has been specified. It does not itself describe the product characteristic that creates medical purpose or a risk pathway.
	Methods, Table 1, lifecycle pathway, and preliminary inter-rater/application exercise.

	General model architecture, model size, or the fact that an LLM is used
	Not retained as a trigger dimension.
	The same underlying model can be deployed for general wellness education, semi-customized lifestyle support, or disease-directed clinical functions. Architecture alone does not adequately discriminate the regulatory boundary examined here.
	Scope statement; D1–D6 applied to actual intended use and deployment.

	Institutional capability, procurement processes, and staff training
	Deployment governance factors, not stand-alone classification triggers.
	They affect safe implementation and oversight but do not independently define the product’s claims, data pathway, or action autonomy. Their relevance varies by institution.
	Table 1 checklist; D2 user context; D5 oversight and referral arrangements.

	Jurisdiction-specific classification category (e.g., Class IIa/IIb/III)
	Outcome of formal regulatory assessment, not a matrix input.
	A device class is determined by the competent authority under jurisdiction-specific rules. Using it as an input would create circularity.
	Interpretation of the overall Red profile; product-specific legal/regulatory review.


Note: The six dimensions are functionally separable for governance purposes but deliberately interactive in application. The framework therefore uses a non-compensatory aggregation rule rather than a weighted sum. The retained structure may be refined through future Delphi consensus, expert coding, real-product comparison, and inter-rater reliability studies.
Supplementary Material E. Preliminary application of the anchored six-dimensional rubric and independent-rater agreement
Three independent raters used the same standardized packet to code the seven hypothetical product scenarios (B1–B7). Ratings were completed independently and locked before transcription. Raters were identified by coded IDs to preserve confidentiality. The following tables report the original coded outputs, rater-role information, and agreement summary. No consensus substitutions were made before the reliability calculation.
Supplementary Table 5. Original locked independent ratings for the standardized hypothetical scenarios
	Case
	Rater ID
	D1
	D2
	D3
	D4
	D5
	D6
	Overall
	M flag

	B1
	Rater 1
	G
	G
	G
	G
	G
	G
	G
	No

	B1
	Rater 2
	G
	G
	G
	G
	G
	G
	G
	No

	B1
	Rater 3
	G
	G
	G
	G
	G
	G
	G
	No

	B2
	Rater 1
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	No

	B2
	Rater 2
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	No

	B2
	Rater 3
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	No

	B3
	Rater 1
	G
	G
	Y
	Y
	Y
	Y
	Y
	No

	B3
	Rater 2
	G
	G
	Y
	Y
	Y
	Y
	Y
	No

	B3
	Rater 3
	G
	G
	Y
	Y
	Y
	Y
	Y
	No

	B4
	Rater 1
	G
	Y
	G
	G
	G
	G
	Y
	No

	B4
	Rater 2
	G
	Y
	G
	G
	G
	G
	Y
	No

	B4
	Rater 3
	G
	Y
	G
	G
	G
	G
	Y
	No

	B5
	Rater 1
	R
	R
	R
	R
	R
	R
	R
	Yes

	B5
	Rater 2
	R
	R
	R
	R
	R
	R
	R
	Yes

	B5
	Rater 3
	R
	R
	R
	R
	R
	R
	R
	Yes

	B6
	Rater 1
	G
	R
	G
	G
	G
	G
	Y
	No

	B6
	Rater 2
	G
	R
	G
	G
	G
	G
	Y
	No

	B6
	Rater 3
	G
	R
	G
	G
	G
	G
	Y
	No

	B7
	Rater 1
	R
	R
	R
	R
	R
	R
	R
	Yes

	B7
	Rater 2
	R
	R
	R
	R
	R
	R
	R
	Yes

	B7
	Rater 3
	R
	R
	R
	R
	R
	R
	R
	Yes


Note. G = Green; Y = Yellow; R = Red. Ratings correspond to the original locked forms, with anonymized rater IDs. No rating was altered, replaced by consensus, or excluded.
Supplementary Table 6. Scenario-level distribution of independent overall ratings and M flags
	Case
	Rater 1 overall
	Rater 2 overall
	Rater 3 overall
	Overall agreement
	Rater 1 M flag
	Rater 2 M flag
	Rater 3 M flag
	M-flag agreement

	B1
	Green
	Green
	Green
	Exact
	No
	No
	No
	Exact

	B2
	Yellow
	Yellow
	Yellow
	Exact
	No
	No
	No
	Exact

	B3
	Yellow
	Yellow
	Yellow
	Exact
	No
	No
	No
	Exact

	B4
	Yellow
	Yellow
	Yellow
	Exact
	No
	No
	No
	Exact

	B5
	Red
	Red
	Red
	Exact
	Yes
	Yes
	Yes
	Exact

	B6
	Yellow
	Yellow
	Yellow
	Exact
	No
	No
	No
	Exact

	B7
	Red
	Red
	Red
	Exact
	Yes
	Yes
	Yes
	Exact


Note. The M flag denotes mandatory lifecycle-governance escalation. The table presents agreement only; it does not turn the ratings into legal or regulatory classifications.
Supplementary Table 7. Anonymized rater characteristics and independence confirmations
	Coded rater ID
	Primary expertise represented
	Independent from matrix development and manuscript revision
	Independently scored and locked before discussion

	Rater 1
	Sports medicine and clinical exercise prescription
	Yes
	Yes

	Rater 2
	Digital health and medical-device regulatory affairs
	Yes
	Yes

	Rater 3
	AI medical informatics and medical-device software quality management
	Yes
	Yes


Note. Identifying information was withheld from the manuscript, supplementary materials, and response letter to protect confidentiality. Original locked forms are retained by the authors for audit if requested by the editor.
Supplementary Material F. Known-group contextual comparison using publicly documented regulatory records
To provide a contextual comparison beyond hypothetical scenarios, we extracted only publicly documented information for two US-authorized products: SMART (SMART-D, SMART-DX), a rehabilitation-oriented interactive rehabilitation exercise device, and BT-001, a prescription digital therapeutic for adults with type 2 diabetes.52,53 These products are not LLM systems. The comparison is illustrative only and does not test regulatory-classification accuracy, determine legal status in China or the EU, or justify assumptions about undocumented functions.
Supplementary Table 8. Known-group contextual comparison using publicly documented FDA records
	Comparator
	Public record
	D1 consequence under proposed matrix
	Limits of the comparison

	SMART (SMART-D, SMART-DX)
	FDA 510(k) K131660: Interactive Rehabilitation Exercise Device; physical medicine specialty.
	Red intended-use comparator based on explicitly rehabilitation-oriented device purpose.
	Other dimensions not assessable from the public record; no inference about LLM functionality or non-US status.

	BT-001
	FDA De Novo DEN220058: prescription digital therapeutic for adults with type 2 diabetes, intended to provide cognitive behavioral therapy to aid diabetes management.
	Red primary trigger because the public record states a disease-management therapeutic intended use.
	Detailed personalization, data, automation, oversight, and change-control features are coded only when explicitly documented; no universal classification inference.


Note: This table is a contextual illustration, not external validation or a classification-accuracy study. The public record is used only to ground the primary intended-use trigger in known regulatory contexts.
Information Classification: General

Information Classification: General

Information Classification: General

image1.png
A General lifestyle guidance assistant

D1G; D2 G; D3 G; D4 G; D5 G; D6 G

B Grey-zone physiological-improvement assistant

D1Y;D2Y;D3Y;D4Y;D5Y; D6 Y

o3 Diabetes-related high-risk configuration

D1R; D2 R; D3 R; D4R; DS R; D6 R

D Post-procedural cardiac rehabilitation configuration

D1R; D2 R; D3 R; D4 R; D5 R; D6 R





