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Abstract—The rapid growth of generative artificial intelligence
in digital mental health interventions offers significant opportu-
nities to improve mental healthcare access while creating new
regulatory challenges. This paper responds to recent U.S. Food
and Drug Administration initiatives, including the September
2025 Digital Health Advisory Committee meeting, by proposing
comprehensive regulatory frameworks for generative Al digital
mental health devices. We analyze the current regulatory land-
scape, identifying gaps in U.S., international, and state-level gov-
ernance structures. Through quantitative foundations including
mathematical models for risk assessment, objective functions for
regulatory optimization, and the 4 lens framework for significant
change evaluation, we establish evidence-based approaches for
device assessment. We present architectural diagrams covering
lifecycle regulatory pathways, multi-layered safety architectures,
risk-tiered assurance frameworks, and multi-stakeholder gov-
ernance models. Drawing from clinical evidence showing both
potential benefits and significant risks, we advocate for balanced
regulatory approaches. Our framework integrates technical safe-
guards, ethical considerations based on care ethics, transparency
requirements, and post-market monitoring systems. We provide
implementation roadmaps, quantitative algorithms for regulatory
decisions, and cost-benefit analyses to support practical deploy-
ment. The paper concludes with specific recommendations for
risk-based classification, adaptive oversight systems, international
coordination, and enhanced professional involvement to ensure
these technologies provide therapeutic benefits while maintaining
strong patient safety standards throughout their lifecycle. This is
a review and synthesis paper that summarizes and organizes
existing proposals, frameworks, and discussions from current
literature; the author does not claim original authorship of
the regulatory frameworks presented but rather provides a
systematic analysis of the current discourse.

Index Terms—Generative Al, Digital Mental Health, FDA
Regulation, Post-Market Surveillance, AI Governance, Medical
Devices, Ethics, Safety, Transparency.

I. INTRODUCTION

The proliferation of generative artificial intelligence (AI)
in digital mental health interventions (DMHIs) represents a
transformative shift in how mental health care is delivered
and accessed. These technologies, which include Al-powered
chatbots, therapeutic conversational agents, and adaptive well-
ness applications, promise to address critical gaps in men-
tal health care access, especially in underserved populations

[1], [2]. However, their rapid evolution and inherent com-
plexity—characterized by adaptive learning, natural language
interactions, and personalized outputs—pose unprecedented
regulatory challenges. In September 2025, the U.S. Food and
Drug Administration (FDA) announced a public meeting of
its Digital Health Advisory Committee to specifically ad-
dress “Generative Artificial Intelligence-Enabled Digital Men-
tal Health Medical Devices” . This notice underscores the
urgency of developing coherent regulatory frameworks that
balance innovation with patient safety.

Current regulatory approaches, largely designed for static
medical devices, struggle to accommodate the dynamic, evolv-
ing nature of Al-driven tools [3[]. Many generative Al mental
health applications operate in a regulatory “gray area,” often
escaping stringent pre-market review if marketed as wellness
rather than medical devices [4]], [S]]. This gap raises significant
public health concerns, including risks of harmful advice,
privacy violations, and inadequate crisis response [[6]. Recent
studies have documented instances where Al chatbots provided
inappropriate or unsafe responses to users experiencing acute
mental health crises [7], [8]].

This paper responds indirectly to the FDA’s call for com-
mentary by synthesizing current evidence and regulatory per-
spectives. We examine:

o The current U.S. and global regulatory landscape for Al
in mental health;

o Evidence on safety, efficacy, and user experience of
generative Al DMHIs;

o Ethical and governance challenges, including trans-
parency and accountability;

o Proposals for pre-market evaluation and post-market
surveillance frameworks.

By integrating insights from recent scholarship, policy doc-
uments, and international guidelines, we aim to inform reg-
ulatory discussions and promote a robust, adaptive oversight
system for generative Al in mental health.
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II. CURRENT REGULATORY LANDSCAPE
A. U.S. FDA Framework and Recent Developments

In the United States, the FDA regulates Al-enabled software
as a medical device (SaMD) under existing authorities, primar-
ily the Federal Food, Drug, and Cosmetic Act. The agency has
issued guidance on Al/machine learning (ML)-based SaMD,
emphasizing a total product lifecycle approach and the use
of predetermined change control plans (PCCPs) for iterative
updates [9]], [10]. However, as noted in the FDA’s recent
meeting notice, generative Al-enabled mental health devices
present “novel risks” that may necessitate evolved regulatory
approaches .

The FDA’s Digital Health Advisory Committee meeting
scheduled for November 2025 focuses explicitly on benefits,
risks, and risk mitigations for these devices, including pre-
market evidence and post-market monitoring considerations
. This aligns with broader agency efforts to engage stake-
holders in shaping adaptive regulatory pathways for digital
health technologies [[11]], [12]]. Concurrently, the Centers for
Medicare & Medicaid Services (CMS) are evaluating coverage
and payment policies for Al-enabled tools, influencing their
adoption and economic viability [[13]].

Despite these steps, regulatory gaps persist. Many generative
Al wellness apps bypass FDA review by avoiding explicit
medical claims, yet users often employ them for mental health
support, sometimes in crisis situations [4]]. This misalignment
between intended use and real-world application creates a
precarious safety environment. Recent analyses call for clearer
classification criteria and heightened oversight for Al tools
that, regardless of marketing, engage in therapeutic interac-
tions [[14], [15].

B. International and State-Level Regulatory Initiatives

Globally, regulatory bodies are also grappling with Al in
mental health. The European Union’s Al Act classifies certain
Al systems in health as high-risk, subjecting them to rigorous
conformity assessments, transparency obligations, and human
oversight requirements [[16]]. The UK’s regulatory response to
the Regulatory Horizons Council emphasizes a proportionate,
context-based framework for AI as a medical device [17].
Meanwhile, the World Health Organization (WHO) has issued
ethics and governance guidance for large multi-modal models,
stressing accountability, inclusivity, and professional oversight
in health applications [[18].

At the U.S. state level, legislative activity is accelerating. A
50-state review identified 143 bills introduced between 2022
and 2025 with potential implications for mental health Al,
though explicit mental health provisions remain rare [15].
Themes include professional oversight, harm prevention, pa-
tient autonomy, and data governance. This fragmented land-
scape underscores the need for federal leadership to ensure
consistent safety standards while allowing state innovation.

Australia’s recently released National Al Plan emphasizes
responsible innovation, risk-based governance, and sector-
specific guidelines, including for health [19]. Similarly,

Canada has published a compendium of best practices for
human-centered Al in the workplace, with relevance to digital
health tools [20]. These international developments highlight
a growing consensus on the need for agile, risk-proportionate
regulation.

III. PROPOSED REGULATORY FRAMEWORKS AND
ARCHITECTURAL DIAGRAMS FROM LITERATURE

This section presents comprehensive frameworks and archi-
tectural diagrams for regulating generative Al-enabled digital
mental health devices. These visual models synthesize current
regulatory approaches, scholarly insights, and emerging best
practices from the literature.

A. Lifecycle-Oriented Regulatory Framework Architecture
B. 4 Lens for Significant Change Assessment

C. Multi-Layered Safety Architecture for Generative AI Chat-
bots

D. Risk-Tiered Assurance Framework

E. Future Regulatory Development Timeline
F. Multi-Stakeholder Governance Architecture
G. Technical Specifications Summary

Table [l summarizes key technical requirements derived from
the proposed frameworks:

H. Implementation Roadmap

The proposed frameworks can be implemented through a
phased approach:
Phase 1 (Immediate):

o Adopt risk-tiered classification system
o Implement basic safety guardrails [8]]
o Establish transparency requirements [25]]

Phase 2 (1-2 years):

e Deploy 4 lens for change management [3]]
o Create multi-stakeholder governance bodies
o Develop certification programs

Phase 3 (3-5 years):
o Implement automated compliance monitoring

« Establish international regulatory alignment
o Create adaptive licensing pathways

These frameworks provide a comprehensive approach to
regulating generative Al in mental health, balancing innovation
with patient safety and ethical considerations.

IV. QUANTITATIVE FOUNDATIONS: MATHEMATICAL
FRAMEWORKS AND OBJECTIVE FUNCTIONS

This section establishes the quantitative foundations for
evaluating and regulating generative Al-enabled digital mental
health devices. We present mathematical models, objective
functions, and quantitative metrics derived from the regulatory
frameworks discussed in Section II.
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Fig. 2. Multi-Layered Safety Architecture for Generative Al Mental Health Chatbots.

TABLE I

TECHNICAL SPECIFICATIONS FOR GENERATIVE Al MENTAL HEALTH DEVICES

Component

Minimum Requirements

Best Practices

Safety Guardrails

Content filtering, crisis detec-
tion

Multi-layer validation, real-
time monitoring

Transparency

Al  disclosure, limitations

statement

Algorithm explanation, train-
ing data disclosure

Data Privacy

Encryption, user consent

Differential privacy, data min-
imization

Clinical Validation

Pilot study evidence

RCT with diverse populations

Update Management

Change documentation

Automated testing, rollback
capability

Interoperability

HL7/FHIR compliance

API for EHR integration

Accessibility

WCAG 2.1 compliance

Multi-modal interfaces

Auditability

Logging of interactions

Immutable audit trail
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Fig. 3. Alternative Left-to-Right Risk-Tiered Assurance Framework with Proportional Regulatory Requirements.

A. Mathematical Notation and Definitions

Let us define the following mathematical constructs:

o D: The digital mental health device (DMHD) system

e t € [0,T]: Time variable over device lifecycle

 0(t): Device parameters at time ¢ (evolving with updates)

o X: Input space (user queries, biometric data, context)

e V: Output space (therapeutic responses, recommenda-
tions)

o P: Patient population with distribution p(x)

o R: Risk space (safety, efficacy, ethical risks)

The core generative Al function can be represented as:
foy XX H =Y )
where H represents the conversational history and context.

B. Risk Quantification Framework

1) Safety Risk Metric: The safety risk Rs(t) quantifies
potential harm to users:

N
Ry(t) = Eprop(a) [Z w; - 1i(, focr)(2)) @)

i=1
where w; are weights for different risk categories (suicidality,
medical advice, bias) and r; are risk functions:

’I“i(-’E,y) = {1

0 otherwise

if response violates safety guardrail ¢

3)

2) Efficacy Metric: Clinical efficacy E.(t) measures ther-
apeutic benefit:

E(t) = a-PHQ-94 (t)+ 8- GAD-7A (t) +7-WSASA(t) (4)

where «, 3, are weights, and PHQ-9 4 (¢) represents change
in depression scores from baseline.

C. Objective Functions for Regulatory Optimization

1) Device Developer Objective: Developers aim to maxi-
mize utility while minimizing regulatory burden:

méxx [U(ﬂ) - Ale(e) - )\QC’F(Q)] (5)
where:

U(#) = User engagement and satisfaction
C'-(68) = Regulatory compliance cost

A1, A2 = Risk aversion parameters

2) Regulator Objective: Regulators seek to maximize pub-
lic health benefit while controlling risks:

max By [B(0) — m Rs(0) — 12 Re(0)] (6)

where 7 represents the regulatory policy, B(f) is population
health benefit, and R.(6) represents equity risk.
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D. 4 Lens Mathematical Formulation

E. Quality Metrics and Validation Equations

Based on [3]], define significant change indicator function:

0 otherwise

A(atv 6t+1) = {

where:

1 if maxeq1,2,3,43 di(0,0141) > 73

)

1) Fidelity to Clinical Guidelines: Define fidelity metric
F(t):

M
F(t) = %Zﬂ{fe(t)(%‘) €G(z;)} (12)
j=1

where G(z;) is the set of clinically appropriate responses for
input ;.

dy (0, 0;+1) = KL-divergence of intended purpose distributions

d2(0¢,0i41) = |Rs(0r41) — Rs(0y)]

d3(60:,0:11) = Population distribution shift metric

ds(0t,0111) = [|0111 — Otl|2

and 7; are regulatory thresholds.

®)
€))
(10)
Y

2) Equity Metric: Following [?], define equity score:

K Eék)(t)

Bt

13)

k=1

where Eék)(t) is efficacy for subgroup k, and E.(t) is average
efficacy.
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FE. Regulatory Decision Functions

1) Approval Decision Function: Device approval depends ) P(Data|D is safe) - Py(D is safe)
on weighted composite score: P(D is safe[Data) = P(Data)
. (17)
A(D) = Approve if S > 7o and Ry < 7; (14) Posterior risk estimate:
Reject otherwise
o+ Nharm(t>
: o RP(t) = ———— 18)
where composite score S, is: (t) a+ B+ Now(D) (
5
S, = Z wym; (15) with Beta prior parameters «, 3.
=1
with metrics m; € {Efficacy, Safety, Transparency, Equity, UsabifltyMulti-Objective Optimization Formulation
. 2) {’ost—Market Surveillance Trigger: Define surveillance The regulatory challenge can be framed as:
intensity I(t):
I(t) = a- Ryt aR, Nap(t 16
(t) =a-Rs(t)+ - 7 +7v-Nag(t) (16) l’l}ril'l [~ B(r), Ry(r), ()] (19)
where Nag(t) is number of adverse events, and dfts is risk s.t. Ey(m) > Teq (20)
trend. T(r)>mn 21

G. Bayesian Regulatory Framework

For adaptive regulation, use Bayesian updating: score, and 7.4, 7; are minimum thresholds.

where C(r) is implementation cost, T'(7) is transparency



1. Numerical Examples and Simulations

1) Example 1: Risk-Tier Calculation: For a depression
chatbot:

Ry = 0.05 - rgiicide + 0.03 - rmedical + 0.02 - 7pias
E,=0.6-PHQ-95 + 0.4- WSASA
S.=04F,. + 0.3(1 — Rg) +0.27 + O.IEq

IfS.=078>7,=07and R, = 0.10 < 7. = 0.15,
device is approved.

2) Example 2: 4 Lens Application: Consider update with
parameter changes:

d; =0.05 <7 =0.10
de =0.12 > 75 = 0.10
ds =0.03 <13 =0.10
dy =0.08 <7y =0.15

(no purpose change)

(safety impact)

(no population change)
(minor technical change)
Since do > 7o, this constitutes significant change requiring
review.

J. Validation Metrics from Clinical Studies

From [&]], we can derive:

Nadverse (t) o 0

Safety Score=1— ———==1——=1.00 (22)
Y N (1) 160
Correct empathetic responses
Empathy Accuracy = = 0.98
Total responses
(23)
K. Regulatory Compliance Cost Function
The cost of compliance C.(D) can be modeled as:
n
Ce(D) =Co+ Y ci-I{m; < 7i} (24)

i=1
where () is base cost, ¢; are penalty costs for failing metric

i.

L. Implementation Algorithm

Algorithm for regulatory decision-making:

M. Quantitative Research Questions

Based on the mathematical framework, we propose the
following research questions:

1) RQ1: What are optimal values for risk thresholds 7; that
balance innovation and safety?

Find 7% = arg min [Type I error + A - Type II error]

(25)

2) RQ2: How should weights w; in composite score S, be
determined?

Optimize w to maximize E[B(D)|S.(w) > 7] (26)

Algorithm 1 Algorithm for Regulatory Decision Based on
Safety, Efficacy, and Equity Scores.
1: procedure REGULATORYDECISION(D, data)

2: Compute R, <+ SafetyRisk(D)

3: Compute E,. < EfficacyScore(D)

4 Compute E, <+ EquityScore(D)

5: Compute S, + 04E, + 0.3(1 — R,) +0.2T 4+ 0.1E,
6: if S, > 7, A Ry < 7, then

7: Return APPROVE

8: else if S. > 7, — ¢ then

9: Return CONDITIONAL APPROVAL
10: else

11: Return REJECT

12: end if

13: end procedure

3) RQ3: What is the optimal frequency for post-market
surveillance?

ff=arg mfin [Csurveitiance () + E[Harm|delay = 1/ f]]
27
4) RQ4: How do different risk metrics correlate with actual
patient outcomes?

Compute p(Rs, ActualHarm) across device population

(28)

5) RQS: What learning rate for Bayesian updates optimizes
regulatory responsiveness?

o*, B* = argmin E[| R, — R™|] (29)

N. Empirical Validation Framework

Define validation dataset V = {(z;, i, 0;)}Y., where o; are
clinical outcomes.
Performance metrics:

TP
Sensitivity = m (30)
TN
ificity = ——— 1
Specificity TN+ FP (31
1
AUC = / TPR(FPR)AFPR (32)
0

where true positives (TP) are correctly identified high-risk
cases.

0. Cost-Benefit Analysis Framework

Net benefit of regulation:

NB(w) = E(Q—g(/ﬂ'l— E[Harm|n] (33)

Benefit Cost Risk cost

Monetized version:
n m
NBg; (7‘(‘) = Z AQAL}/i'$QALY_Oreg(7T)_Z pj-HarmCostj
i=1 j=1

(34)



Algorithm 2 Simulation Procedure for Device Regulatory
Evaluation
1: for i = 1 to Ngjmulations dO
Sample device parameters ¢; ~ p(6)
Generate outcomes O; ~ p(O | 0;,7)
Compute metrics M; = {Rs, E., E,, ...}
Apply decision rule d; = A(M;)
Record results
7: end for
8: Return {Approval rate, Average benefit, Risk profile}

AN A~

P. Simulation Framework for Policy Evaluation

Monte Carlo simulation for policy evaluation:

Q. Conclusion of Quantitative Foundations

The mathematical frameworks presented in this section
provide rigorous foundations for:

o Quantifying risks and benefits of generative Al mental
health devices

« Optimizing regulatory decision thresholds

« Implementing adaptive, evidence-based regulation

« Balancing innovation with patient safety

These quantitative tools enable data-driven regulation that
can evolve with the technology while maintaining rigorous
safety standards [3]], [8]].

V. SAFETY, EFFICACY, AND USER EXPERIENCE EVIDENCE
A. Emerging Clinical and Empirical Findings

Recent studies provide preliminary evidence on the safety
and user experience of generative Al in mental health. A 2025
exploratory randomized controlled trial (RCT) compared a
generative Al conversational agent with a rules-based version
for mental health support. The trial found no serious adverse
events and similar user satisfaction between groups, with the
generative Al arm demonstrating higher accuracy in empa-
thetic response detection (98% vs. 69%) [8]]. These results
suggest that, with appropriate guardrails, generative Al can be
deployed safely while maintaining therapeutic engagement.

However, other research sounds cautionary notes. Evalua-
tions of publicly available large language models (LLMs) in
simulated therapeutic scenarios reveal tendencies toward stig-
matizing attitudes, inappropriate responses to acute symptoms
(e.g., suicidality, psychosis), and a lack of clinical grounding
[21]. Some commercial “therapy bots” have been found to
endorse harmful suggestions in adolescent crisis vignettes [21]].
Such failures underscore the risks of deploying inadequately
validated Al systems in sensitive mental health contexts.

The Framework for AI Tool Assessment in Mental Health
(FAITA-Mental Health) offers a structured approach to evalu-
ating Al mental health platforms across domains such as cred-
ibility, user experience, crisis management, and transparency
[23]]. Applied to a generative Al obsessive-compulsive disorder
(OCD) tool, the framework identified strengths in conversa-
tional ability but gaps in clinical validation and crisis protocols

[23]. This highlights the need for standardized assessment
tools that can guide developers, regulators, and users.

B. Technical Guardrails and Risk Mitigation

Ensuring safety in generative Al mental health tools requires
robust technical and procedural guardrails. These include input
filters to detect concerning language (e.g., self-harm, abuse),
output controls to prevent the provision of medical advice or
diagnoses, and mechanisms for escalating high-risk situations
to human providers [7]], [8]]. Post-market monitoring is critical
to identify emergent risks, especially as models evolve through
continuous learning or updates [3[], [9].

The concept of “purpose envelopes” and “risk-tiered assur-
ance lanes” has been proposed to differentiate between minor
updates and significant changes that alter a device’s intended
purpose, clinical impact, or algorithmic behavior [3]. Such
distinctions can help regulators apply appropriate oversight
throughout a product’s lifecycle, balancing flexibility with
safety.

VI. ETHICAL, GOVERNANCE, AND TRANSPARENCY
IMPERATIVES

A. Ethics of Care and Accountability

Beyond technical safety, generative Al in mental health
raises profound ethical questions. The dominant “responsible
AI” paradigm, focused on principles like fairness and trans-
parency, may overlook the relational dimensions of care [22].
An ethics-of-care perspective emphasizes the developer’s duty
of care toward users, the potential for emotional manipulation,
and the importance of preserving human therapeutic relation-
ships [6]], [22]. This approach calls for clear accountability
mechanisms, including liability frameworks for deployers and
licensure considerations for Al-augmented care [[15]].

Transparency is a cornerstone of ethical Al deployment.
Users should be informed when they are interacting with
an Al system, understand its limitations, and have access
to information about data use, algorithmic functioning, and
validation evidence [23], [25[]. Regulatory frameworks must
mandate such disclosures to support informed consent and
trust.

B. Data Governance and Equity

Mental health data is exceptionally sensitive, warranting
stringent privacy protections. Current U.S. laws, such as
HIPAA, may not fully cover data collected by consumer
wellness apps, creating privacy risks [26]], [27]. Emerging state
laws and international regulations (e.g., EU Al Act) emphasize
data minimization, purpose limitation, and security for health
Al systems [[15]], [[16].

Equity considerations are paramount. AI models trained on
non-representative data may perpetuate biases, disadvantag-
ing marginalized populations [1]], [21]]. Regulatory oversight
should require equity assessments and inclusive design prac-
tices to ensure that Al mental health tools benefit diverse user
groups.



VII. TOWARD A LIFECYCLE-ORIENTED REGULATORY
FRAMEWORK

A. Pre-Market Evaluation and Evidence Standards

Pre-market evaluation of generative Al mental health de-
vices should be risk-based, with higher scrutiny for tools
intended for higher-acuity conditions or autonomous opera-
tion. Evidence standards must adapt to the iterative nature
of Al, potentially incorporating real-world performance data,
simulation studies, and ongoing validation during develop-
ment [24], [28]. The FDA’s proposed use of PCCPs allows
manufacturers to pre-specify certain types of modifications
(e.g., performance improvements, bias mitigation) without new
submissions, provided they remain within predefined bounds
[9].

International harmonization of evidence requirements can
reduce developer burden and accelerate global access. Initia-
tives like the International Medical Device Regulators Forum
(IMDRF) are working toward aligned guidelines for AI SaMD,
which should incorporate mental health-specific considera-
tions.

B. Post-Market Surveillance and Real-World Monitoring

Post-market surveillance is especially critical for generative
Al tools due to their adaptive nature and potential for emergent
risks. The FDA’s guidance on post-market updates to Al-
enabled devices encourages continuous monitoring and real-
world performance tracking [9]], [29]. Strategies may include:

« Real-world evidence collection through registries, user
feedback, and electronic health record linkages;

« Automated monitoring of conversation logs (with privacy
safeguards) to detect safety signals;

o Periodic audits of algorithmic performance and equity
metrics;

¢ Clear protocols for incident reporting and corrective
actions.

The “4 lens” proposed by Nandagopal et al. offers a
pragmatic tool for distinguishing normal maintenance from
significant changes in DMHTs, based on shifts in intended
purpose, clinical impact, target population, or algorithmic
behavior [3]. Regulators could use such frameworks to trig-
ger review requirements when changes exceed predetermined
thresholds.

C. Multi-Stakeholder Governance and Professional Engage-
ment

Effective governance of Al in mental health requires col-
laboration among regulators, developers, clinicians, patients,
and ethicists. Professional organizations, such as the Ameri-
can Medical Association (AMA) and American Psychological
Association (APA), are developing guidelines and advocacy
positions [[7]], [30]]. Clinician involvement in regulatory dis-
cussions—as highlighted in the FDA’s advisory committee
meeting—is essential to ground policies in clinical reality [[15].

Industry self-regulation, through standards and certifica-
tions, can complement government oversight. Initiatives like

the Digital Technology Assessment Criteria (DTAC) in the
UK’s National Health Service provide a model for evaluating
digital health tools against clinical safety, data protection, and
usability standards [3].

VIII. AUTHOR’S RELATED WORK

This research builds upon and extends the author’s previous
investigations into artificial intelligence governance, regula-
tion, and implementation frameworks across various domains.
The following papers provide foundational insights that inform
the current analysis of generative Al in digital mental health:

o Regulatory Reform for Agentic AI [31]: This paper

examines regulatory barriers to Al innovation identi-
fied in the Office of Science and Technology Policy’s
Request for Information. It proposes a comprehensive
governance framework integrating technical standards,
risk management protocols, and policy recommendations
for modernizing federal regulations to foster responsible
Al innovation while maintaining public trust and safety.
The analysis of regulatory mismatches, structural incom-
patibility, and governance challenges in this work informs
the current paper’s approach to addressing regulatory
gaps in mental health Al

o Framework for Government Policy on Agentic and

Generative Al in Healthcare [32]: This comprehensive
review examines the dichotomy between open-source
and proprietary Al models in healthcare, with particular
focus on the emerging challenges of autonomous Agentic
Generative Al (AGI). The paper proposes a tiered risk-
management and governance framework that synthesizes
the strengths of both open and closed-source approaches.
The healthcare-specific governance recommendations, in-
cluding international certification protocols, federated
learning architectures, and adaptive policymaking, pro-
vide important context for the mental health-specific
regulatory frameworks proposed in the current paper.

e A Comprehensive Framework for U.S. AI Export

Leadership [33]]: This analysis examines the American
Al Exports Program through a multi-dimensional frame-
work encompassing technical architecture, governance
structures, market strategy, and policy implementation.
The paper presents a multi-layer framework architecture
with strategic, governance, technical, and market layers,
supported by detailed visualizations including architec-
tural diagrams, decision matrices, risk assessment frame-
works, and implementation roadmaps. The integrated
approach to balancing innovation acceleration with risk
mitigation in strategic competition contexts informs the
current paper’s methodology for developing comprehen-
sive regulatory frameworks.

These previous works collectively establish several key
principles that guide the current research:

1) Multi-stakeholder governance requiring collaboration

between technical, regulatory, and clinical domains

2) Risk-proportional approaches that scale oversight ac-

cording to potential harm



3) Adaptive regulatory frameworks capable of evolving
with technological advances

4) International harmonization to address global nature
of digital health technologies

5) Evidence-based policymaking grounded in empirical
validation and real-world outcomes

The current paper extends these principles specifically to the
domain of generative Al in digital mental health, addressing
unique challenges such as therapeutic relationships, crisis
management, and the ethical dimensions of mental health-
care delivery. By building upon the governance frameworks
established in previous work while addressing domain-specific
considerations, this research contributes to a cohesive body of
literature on responsible Al implementation across different
sectors and applications.

IX. CONCLUSION AND RECOMMENDATIONS

The integration of generative artificial intelligence into digi-
tal mental health represents both a transformative opportunity
for healthcare access and a significant regulatory challenge
requiring thoughtful, evidence-based approaches. This paper
has presented comprehensive frameworks, quantitative foun-
dations, and practical implementation strategies for regulat-
ing generative Al-enabled digital mental health devices in
response to the U.S. FDA’s call for stakeholder input. Our
analysis reveals that current regulatory structures, designed
primarily for static medical devices, are ill-equipped to address
the dynamic, evolving nature of Al-driven mental health
technologies.

The proposed frameworks offer several key advancements
over existing approaches. The lifecycle-oriented regulatory
architecture addresses the continuous evolution of Al systems,
while the 4 lens framework provides a practical methodology
for distinguishing between routine maintenance and significant
changes requiring regulatory review. The risk-tiered assurance
system establishes proportional oversight based on clinical
risk, ensuring that resources are allocated appropriately. The
multi-layered safety architecture offers technical implementa-
tion guidance for developers, and the multi-stakeholder gover-
nance model emphasizes the importance of inclusive decision-
making processes.

Our quantitative foundations provide mathematical rigor to
regulatory decision-making, offering objective functions for
balancing innovation and safety, formalizing risk assessment
methodologies, and establishing evidence-based thresholds for
approval decisions. The clinical evidence reviewed, including
both promising results from controlled trials and concerning
findings from real-world evaluations, underscores the dual
nature of these technologies—offering genuine therapeutic
potential while presenting substantial risks if inadequately
regulated.

Based on our comprehensive analysis, we offer the follow-
ing recommendations for regulators, developers, and policy-
makers:

1. Establish Adaptive Regulatory Pathways: Regulatory
agencies should implement flexible, evidence-based approval

processes that accommodate the iterative nature of Al de-
velopment while maintaining rigorous safety standards. This
includes adopting predetermined change control plans and
creating regulatory sandboxes for controlled innovation.

2. Implement Risk-Proportional Oversight: A tiered reg-
ulatory approach should be established, with requirements
scaled according to clinical risk, intended use, and target pop-
ulation. Low-risk wellness applications should have minimal
oversight, while systems addressing serious mental health con-
ditions or operating with significant autonomy should undergo
comprehensive pre-market review and continuous post-market
surveillance.

3. Strengthen Post-Market Surveillance Systems: Given
the adaptive nature of Al systems, robust post-market moni-
toring is essential. Regulators should require real-world per-
formance tracking, mandatory adverse event reporting, and
periodic re-evaluation of safety and effectiveness as systems
evolve.

4. Enhance Transparency and Accountability: Regulatory
frameworks should mandate clear disclosures about Al system
capabilities, limitations, and intended uses. Developers should
be required to maintain comprehensive audit trails, provide
explanations for critical decisions, and establish clear account-
ability mechanisms for system outputs.

5. Prioritize Equity and Access: Regulatory processes
should actively address potential biases in Al systems and
ensure that benefits are distributed equitably across diverse
populations. This includes requiring representative training
data, equitable performance validation, and accessibility con-
siderations in system design.

6. Foster Multi-Stakeholder Collaboration: Effective gov-
ernance requires collaboration between regulators, developers,
clinicians, patients, ethicists, and payers. Advisory commit-
tees, public comment processes, and collaborative standard-
setting initiatives should be institutionalized to ensure balanced
perspectives inform regulatory decisions.

7. Promote International Harmonization: Given the
global nature of digital health technologies, regulators should
work toward aligned standards and mutual recognition agree-
ments to reduce barriers to innovation while maintaining
consistent safety standards across jurisdictions.

8. Invest in Research and Education: Continued research
is needed to establish evidence-based regulatory thresholds,
validate safety frameworks, and understand long-term out-
comes. Professional education programs should prepare clini-
cians to effectively use and critically evaluate Al-assisted tools.

The September 2025 FDA Digital Health Advisory Com-
mittee meeting represents a critical inflection point for es-
tablishing coherent regulatory approaches for generative Al
in mental health. As these technologies continue to evolve,
regulatory frameworks must remain agile, evidence-informed,
and responsive to both technological advancements and emerg-
ing safety concerns. By implementing the recommendations
outlined in this paper, regulators can foster innovation that
meaningfully addresses mental healthcare needs while es-



tablishing robust safeguards that protect patient welfare and
maintain public trust in these transformative technologies.
Ultimately, the goal is not merely to regulate Al in mental
health, but to cultivate an ecosystem where technological
innovation, clinical expertise, regulatory oversight, and patient-
centered values converge to create safe, effective, and acces-
sible mental healthcare solutions for all who need them.

L1ST OF TABLES AND FIGURES
Tables

o Table I Technical Specifications for Generative Al
Mental Health Devices - Summarizes key technical re-
quirements including safety guardrails, transparency, data
privacy, clinical validation, update management, interop-
erability, accessibility, and auditability.

Figures

o Figure [T} The 4 Lens Framework for Distinguishing Sig-
nificant Changes from Normal Maintenance in AI Mental
Health Devices - Illustrates the decision framework for
assessing changes in intended purpose, clinical impact,
target population, and algorithmic engine to determine if
regulatory review is required.

o Figure 2} Multi-Layered Safety Architecture for Gen-
erative AI Mental Health Chatbots - Presents a four-
layer safety architecture with input, processing, output,
and monitoring layers, each containing specific safety
components and guardrails.

o Figure [3} Alternative Left-to-Right Risk-Tiered Assur-
ance Framework with Proportional Regulatory Require-
ments - Shows a four-tier risk classification system (low,
medium, high, critical) with corresponding regulatory
requirements that increase with risk level.

o Figure @ Projected Timeline for Regulatory Develop-
ment of Generative Al Mental Health Devices (2024-
2030) - Visualizes the anticipated regulatory milestones
and developments in a columnar, landscape-style layout
across three phases: current, emerging, and maturation.

o Figure[5; Multi-Stakeholder Governance Architecture for
Al Mental Health Regulation - Depicts a network model
with the regulatory agency at the center, connected to
eight key stakeholder groups (developers, clinicians, pa-
tients, ethicists, researchers, payors, public, legal experts)
with specific interaction types.

Algorithms

o Algorithm [I} Algorithm for Regulatory Decision Based
on Safety, Efficacy, and Equity Scores - Presents a proce-
dural algorithm for making regulatory approval decisions
using weighted composite scoring of safety, efficacy,
transparency, and equity metrics.

o Algorithm [2 Simulation Procedure for Device Regu-
latory Evaluation - Outlines a Monte Carlo simulation
framework for evaluating regulatory policies through
repeated sampling of device parameters and outcome
generation.

This document contains 1 table, 5 figures, and 2 algorithms
that collectively provide visual and procedural representations
of the proposed regulatory frameworks for generative Al-
enabled digital mental health devices.
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