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Abstract

Background: With the rapid evolution of artificial 
intelligence, the work of health care professionals  
is changing quickly. Both human-in-the-loop and 
human-out-of-the-loop artificial intelligence are 
becoming prevalent in patient care, and this raises 
questions regarding the role of health professionals’ 
regulators in ensuring safe and effective practice  
and safeguarding the public’s interests. 

Objectives: This research explored regulators’  
perspectives on whether and how regulatory  
tools could (or should) be used with respect to  
artificial intelligence.

Methods: An artificial intelligence-enabled search  
of websites identified regulatory leaders with respect 
to regulation of artificial intelligence. Eighteen  
regulators from diverse health professions in the US,  
Canada, and the UK were interviewed, based on  
their documented work in this area. 

Results: Key findings included: a) recognition that the 
rapid evolution of artificial intelligence was eclipsing 
regulators’ abilities to manage it; b) belief that current 
regulatory tools were sufficient to manage risks of 
human-in-the-loop artificial intelligence, c) belief  
that regulation of human-out-of-the-loop artificial  
may be infeasible for regulators; and d) focus on 
development of educational, principles-based guid-
ance to support practitioners in responsible adoption 
of artificial intelligence in their practice (rather than  
a rules-based approach).

Conclusions: As artificial intelligence continues to 
evolve rapidly and permeate professional and daily 
life, further research is necessary to ensure public 
interests are safeguarded effectively, in ways that  
do not stifle technological innovation and growth.

Background

T he proliferation of artificial intelligence (AI) 
in everyday life has captured both the 
public’s imagination and its concern. 
Somewhere between the breathless prom-

ise of a future unencumbered by resource constraints 
or human work, and the dystopian vision of robots 
enslaving humanity, the incremental changes in daily 
life that have been propelled by AI have highlighted 
the influence these technologies will have in the 
future. AI has been embedded in all manner of 
devices, and in many cases, users of different tech-
nologies may not even be aware that AI is present. 
Within diverse health professions, the growth in 
AI-powered tools that are involved in daily practice 
continues to grow.1 Ranging from scribe technologies 
that enhance operational efficiency of professional 
practices to decision-support systems that enhance 
timeliness and accuracy of assessment and diagno-
sis, to robotic technologies that actually perform 
procedures formerly restricted to human control,  
AI’s presence in professional work continues to grow 
and expand. 1,2,3 Perhaps unsurprisingly, some health 
professionals themselves are unaware of when and 
how AI is involved in the technologies and tools they 
use everyday in the delivery of care to patients.1,4 

AI is frequently described in terms of the extent  
to which human oversight and control is required.5 
“Human-in-the-loop” (HiL) AI requires human  

oversight and an ultimate decision to be made by an 
identifiable human being. For example, a pharmacist 
using an AI-powered drug-drug interaction system 
may be alerted by that system that a potentially  
harmful medication problem may result due to  
simultaneous prescribing of multiple medications.  
The alert must still be reviewed by that human  
pharmacist, who will make a final decision as to 
whether to dispense the medications in questions— 
a decision that will be accompanied by professional 
responsibilities and potential liability in case of error. 
This HiL-AI requires the human to actively enter a 
keystroke on the computer to indicate they have 
reviewed, critically assessed, and agreed (or dis-
agreed) with the recommendation made by the  
system. In contrast, “human-out-of-the-loop” (HoL) AI 
may use the exact same technology but has been 
allowed to make the ultimate dispense/do not dis-
pense decision without human involvement or  
oversight. In the case of HoL-AI, the system would 
automatically change the prescription without human 
oversight or approval to avoid the potential drug-drug 
interaction, though this AI-driven decision could be 
reversed by a human at a future time. In the vast 
majority of situations where AI is used today, HiL 
systems are used.6 Importantly, from a technological 
perspective, these same systems could function  
as HoL systems should professionals, regulators, 
employers, and the public decide to allow them to do 
so.6,7 In our increasingly resource constrained health 
care environment, where financial limitations and 
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shortages of trained health care professionals 
abound, there is increasing pressure in some settings 
to unleash the full potential of AI by permitting HoL 
systems to functioned unsupervised by humans.7 
Such economic and organizational pressures will 
likely increase in the future, particularly as these 
technologies rapidly evolve, and the public becomes 
increasingly inured to quasi- or fully-autonomous AI 
in everyday life.

Implications of AI for Regulators

The implications of this rapid shift for regulators of 
health professionals has been discussed but, in most 
cases, there has been limited specific action by regula-
tory bodies to manage current realities of AI and  
anticipate future trends. At the time of this research, 
no regulatory bodies have promulgated formal  
regulations to safeguard public interests as AI 
becomes more prevalent in professional work.  
Technology entrepreneurs designing AI systems for 
use in health care are currently working in a regulatory 
vacuum, and as a result “what is possible” is driving 
innovation, as opposed to “what is desirable”.  
Regulators themselves are contemplating ways in 
which AI could be integrated in their own workplaces 
to optimize cost-effective and time-efficient regulatory 
processes (for example, triaging of complaints or 
assessing qualifications at entry-to-practice using  
AI driven systems).8 Thus far, in a time where HiL-AI 
continues to be the dominant mode of AI being 
deployed in health care, the presence of an identifiable 
human overseer or decision-maker appears to have 
attenuated the urgency of generating a regulatory 
framework to guide responsible adoption of AI in the 
professions. As HoL-AI becomes more prevalent and 
acceptable, and no single identifiable human deci-
sion-maker is necessarily involved, the complexity  
of regulatory practice may increase significantly.

Optimism regarding the potential role of AI in  
professional work and daily life abounds.  
Technology continues to evolve rapidly, and the  
costs continue to drop as computational power and 
efficiency improve. In the recent past, “hallucinations” 
have plagued AI-driven systems, a function of the 
large-language modeling processes by which  
AI systems are trained.9 Hallucinations are usually 
described as incorrect of misleading information 
presented as certain fact by AI, usually in response  
to faulty or incomplete training of the language 
model.9 For example, an ambiguous tumour may  
be diagnosed as “benign” by AI due to insufficient  
training/data input to recognize borderline cases.  
Innovations such as closed system training have 

reduced frequency and risk of hallucinations, though 
not entirely removed them.10 Newer AI models have 
begun to address issues such as algorithmic bias that 
have been concerns for those opposed to HoL mod-
els.11 Importantly, the rapid pace of AI evolution  
means that AI itself is improving and self-addressing 
concerns regarding its quality. Concerns regarding  
AI continue to grow.12 Even those deeply invested in 
the technology and responsible for its success have 
expressed grave reservations regarding its rapid 
evolution and unquestioned uptake, noting that dys-
topic futures of human enslavement by AI-powered 
robots and tools is neither fanciful nor far-fetched.13 

More pragmatically, health professionals themselves 
have highlighted significant concerns regarding AI 
uptake in their day-to-day work. First and foremost is 
the risk of de-skilling of the workforce.14 As both 
HiL-AI and HoL-AI become more prevalent in health 
care work, professionals themselves start to forget 
how to perform foundational tasks. Like the experi-
ence of children who learn to do math using calcula-
tors (and who then forever after have difficulty doing 
mental calculations like tallying up how much a cart  
of groceries may cost), professionals who were once 
skilled and competent come to rely upon AI-powered 
tools and relatively quickly become deskilled.  
Even where HiL-AI systems are used, blind faith in  
the technology reduces the need for continuous self- 
assessment of competence. Further, in resource 
constrained environments where professionals are 
stressed and overworked, reliance on AI systems 
becomes the only way to get through a workday.  
As outcomes of HiL-AI and HoL-AI supported patient 
care approach and eclipse those of human-driven 
care, self-confidence in human clinical decision mak-
ing and activities also declines.15 Similarly, as wages 
and practical labour relations issues associated with a 
human workforce continue to become more complex, 
an AI-driven workplace becomes more attractive for 
employers, governments, insurers, and ultimately 
perhaps, the public.

The complexity of the current situation is significant. 
Despite this reality, few regulatory bodies have 
advanced significant work to address public,  
professional, governmental, employer, educator,  
and other concerns regarding how HiL-AI and HoL-AI 
can and should “fit” into the daily work of profes-
sionals. In the absence of clear regulatory guidance, 
a “wild west” philosophy dominates, one in which 
unencumbered technological innovation drives 
professional practice in a way that may (or may not) 
be beneficial for the public’s safety and interests. 
Understanding regulators’ perspectives on the 
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regulation of AI in professional practice is essential 
to support mindful, proportionate, effective, and 
acceptable regulatory practice.

Research Objective

The objective of this research was to understand 
regulators’ perspectives on the need for regulation  
of AI in professional work and to characterize the 
approaches being taken to support public safety and 
interest. For this research, both HiL-AI and HoL-AI 
were considered. Only AI used by professionals in the 
delivery of patient care and services was considered; 
the use of AI by regulators themselves to increase 
organizational efficiency and effectiveness was not  
a focus of this work. Similarly, the use of AI by  
health professionals for non-patient care activities  
(eg: to manage certain organizational or administra-
tive tasks (for example, using AI to track inventory  
of supplies in a practice to then trigger automatic  
ordering from vendors) was not a focus. Instead, the 
objective of this research was to understand the  
ways regulators conceptualized “risks” and “benefits” 
of HiL-AI and HoL AI when it was used by health 
professionals for the delivery of patient-focused  
care and services formerly or traditionally delivered 
solely by humans with or without support from non-AI 
driven technologies (eg: calculators, word process-
ing, spreadsheets, or the internet).

Research Method

Given the paucity of published protocols or regulations 
regarding adoption of AI by health professionals in 
their practice, an exploratory research method was 
identified as most appropriate to begin to examine  
this topic. An environmental scan of regulatory body  
websites across Canada, the UK, and the US was 
undertaken to identify regulatory bodies who had 
begun to consider, discuss or address this issue in 
their public-facing documentation. Regulated health 
professions selected for this scan were medicine, 
nursing, pharmacy, physical therapy, dentistry, and 
occupational therapy—each of these professions exist 
and are regulated in the three jurisdictions examined in 
this study. Other professions—for example, midwifery, 
paramedicine, or naturopathy—may not be regulated or 
recognized in the same manner across all three coun-
tries and were consequently not included in this study.

Based on the results of the environmental scan, 
individual regulatory bodies in specified jurisdictions 
(countries) or sub-national jurisdictions (provinces or 
states) were identified as having undertaken some 

kind of publicly identifiable work with respect to 
regulation of AI in professional work. Examples of 
such work included convening a forum for profession-
als to discuss AI in their practice, establishing a 
working group within the regulatory body to discuss 
regulation, or crafting a position paper on the topic 
for comment by the profession. Based on this,  
a purposive sampling method was undertaken in 
which different regulatory bodies were invited to 
participate in semi-structured interviews to  
discuss the evolution of their thinking and work. 
Identifying the most appropriate individual to invite  
to participate in this research was based on publicly 
available records—for example where a regulatory 
body had crafted a position paper regarding AI in  
professional work and invited comments, the person 
to whom the comments were to be directed was 
initially contacted to participate in this study.

The objective of this research was to  
understand regulators’ perspectives on  
the need for regulation of AI in professional 
work and to characterize the approaches 
being taken to support public safety  
and interest.

A semi-structured interview guide was created  
for the interviews (see Appendix 1). Given the breadth 
of professions involved, the diverse geographic 
regions included, the different health systems repre-
sented, and the asymmetric progress of different 
regulators, there was considerable flexibility in the 
application of the semi-structured interview guide. 
This research was guided by a protocol (46079) 
approved by the Research Ethics Board (REB) at the 
University of Toronto, Canada. Given the relatively 
small size of the regulatory community, and the  
sensitive nature of regulatory work, the approved 
protocol included strong provisions to safeguard 
confidentiality of research participants, including 
provisions that prevent identification of participants 
by profession or geographic location in publications 
such as this. The research team recognized the 
potentially controversial nature of this work and to 
encourage full and frank discussion during interviews 
agreed to minimize risk of disclosure of participant 
identity by not disclosing any form of identifying  
information in public-facing documents. 
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Results and Discussion

In the initial AI-driven search of regulatory body 
websites in Canada, the US, and the UK, 316 regula-
tory websites were scanned for information regarding 
regulatory work focused on AI in professional  
practice (250 in the US, 60 in Canada, and 6 in the 
UK). An AI-enabled search tool was built and used  
to optimize efficiency of this search, built on the  
Perplexity© AI platform. A keyword searching strat-
egy approach was used to filter content from  
regulatory websites: key words included artificial 
intelligence, regulation, AI, decision support,  
algorithm, machine learning, large language model, 
natural language processing, artificial general intelli-
gence (AGI), and large-language model (LLM). 
Though not an exhaustive or comprehensive search 
list, these keywords provided a sufficient overview  
of activity within a public-facing regulatory website  
to facilitate identification of regulators who had  
begun to engage in work in this area.

Of the 316 websites scanned, 196 had publicly  
available documents indicating some degree of  
work, interest, or involvement in the issue of AI in 
professional practice. Of these 196 regulatory bod-
ies, 36 were identified as having undertaken some 
form of meaningful consultation with external stake-
holders (eg: members of the profession, employers, 
members of the public, educators, or others) focused 
on the formulation of some kind of framework for 
regulation of AI in professional work. These 36 regu-
latory bodies were defined as the sample frame for 
the study, based on their (relatively) advanced work 
in this area. Of these 36 regulatory bodies, an identi-
fiable contact individual within the organization  
was available for 20 of them; for the remaining 16  
a generic, non-individualized/non-specific email 
address was provided for those in the public inter-
ested in following up. Initial recruitment for interview 
participants was limited to these 20 organizations.  
Of these 20 organizations, 11 were in Canada, 5 were 
in the US and 4 were in the UK. Professions repre-
sented were dentistry (6/20), pharmacy (3/20),  
physical therapy (3/20), medicine (5/20) and nursing 
(3/20). Of the 20 individuals invited to participate  
in this research, 18 responded positively and were 
engaged in interviews: dentistry (6/18), pharmacy 
(2/18), physical therapy (3/18), medicine (5/18),  
and nursing (2/18).

All interviews were undertaken via Zoom or Microsoft 
Teams and were recorded and transcribed with 
permission of participants. No substantive conflicts 
of interest or previous relationships were disclosed  

or existed between research team members and  
interview participants. NVivo v15.1® software  
was used for qualitative analysis of transcripts.  
A constant-comparative analytical framework16  
was used to identify common themes across profes-
sions and jurisdictions to highlight evolving promising 
practices with respect to regulation of AI in health 
care professional work, mindful of the significant 
differences in national cultures, health systems,  
and professional cultures. All transcripts were 
reviewed independently by two reviewers who  
read and coded to consensus. All themes identi- 
fied achieved consensus without recourse to a  
third reviewer. 

Key themes that emerged from this research included:

1.	 Recognition that the pace of technological 
innovation with respect to AI was eclipsing 
regulatory capacity to manage it

All 18 participants in this research noted that, within 
their respective professions, the rapid emergence and 
deployment of AI-powered practice-focused tools was 
a concern. In all cases, practitioners themselves were 
asking the regulator for guidance, rules, or support in 
understanding how best to responsibly adopt AI in 
professional work, and whether regulators were 
involved in “authorizing” or “validating” technology 
entrepreneurs who were developing and selling prod-
ucts. All participants described concerns regarding 
the lack of capacity within regulatory bodies to actually 
understand AI technologies themselves—those 
involved in this work in regulation rarely had any  
particular technical or technological knowledge or  
skill with respect to the actual mechanics of AI itself, 
and most of them understood AI in professional 
practice to simply be a “black box” defying human 
understanding. Further, most participants in this 
research highlighted the reality that it was simply not 
clear who within a regulatory body actually had the 
expertise to lead regulatory change with respect to AI.  
Participants noted that it may be advantageous for 
practitioner-regulators to lead these discussions but 
that it may also be necessary for those with advanced 
legal training/skills to lead discussions, thought  
simultaneously those who worked in policy areas in 
regulatory bodies needed to take charge of the pro-
cess, while it was also important for those with  
educational/competency assessment skills to lead 
discussions within regulatory bodies and with external 
stakeholders. The lack of clarity over who should be 
leading the regulatory response to AI resulted in 
delayed responses and inaction within regulatory 
bodies as the necessary expertise to knowledgably 
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engage in leadership in this area was lacking.  
Cooperative leadership within a regulatory body  
(in which representatives from different departments 
or areas within the organization would co-lead devel-
opment of regulations) was described as cumbersome, 
time-consuming and unlikely to succeed as the pace  
of change was so rapid. All participants in the study 
described concerns that the current structure of most 
regulatory bodies made it unclear as to who should 
lead regulatory responses to AI, how cooperation 
within regulatory bodies themselves could be has-
tened and nimbler, and how coalitions across the 
profession and across professions could be mobilized. 
As a result of these silos, regulation was unfortunately 
slow, cumbersome, and not keeping pace with  
technological advances—and as a result, technology 
innovators were leading the process with regulators, 
professionals, employers and educators all scrambling 
to keep up as best as they could. 

2.	 Concern that regulation of HiL-AI in 
professional work represented “scope creep”

All 18 participants in this research noted concerns 
within the regulatory community that regulation of AI 
could be seen as “scope creep,” unnecessarily 
impeding technological innovation and slowing its 
adoption. They noted that, in this current era,  
skepticism regarding regulation of all sorts and  
concerns that is unnecessarily bureaucratic and  
expensive has heightened concerns by professional 
regulators about taking on new and challenging tasks 
such as regulation of AI. As a result, a prevailing 
sentiment across all participants in this study fo- 
cused on the notion that, so long as AI remained as  
a “human-in-the-loop” form, there was sufficient  
regulation in place for the human decision-makers 
and overseers to obviate the need for additional 
regulation of the technology itself. Attempting to 
introduce new regulation focused on HiL-AI would  
be seen by the profession and the public as unneces-
sarily intrusive and potentially detrimental to public 
interest as it may slow the pace of adoption and 
innovation. The undesirability for regulation of HiL-AI 
was contrasted with the desirability to provide some 
kind of guidance for professionals themselves— 
the blunt instrument of regulation may not be  
appropriate or necessary, but the use of other 
approaches (eg: continuing education or guidance 
documents to enhance the knowledge and skills  
of professionals to better self-assess and self-man-
age responsible adoption of AI in their individual 
practices) was highlighted as both appropriate and  
preferable to introduction of new rules. Several par-
ticipants expressed faith in existing legal systems  

(for example, tort law or civil lawsuits, or industry 
standards associations) to ensure the technology was 
developing appropriately and safety and explained 
that no regulatory body could possibly keep pace  
or supplant the risk of litigation and the power of 
industry standards associations to ensure safe and 
effective development of AI technologies.

Most participants noted regulatory concerns associ-
ated with deskilling of the professional workforce, 
even with HiL AI. They noted that conceptualization 
and measurement of professional “competency” 
(both at entry to practice and during a professional’s 
lifetime) was becoming increasingly complicated  
and difficult to rationalize as HiL-AI proliferates.  
While noting this reality, no participant was able to 
describe any plausible reframing of understanding  
of “competency” within an HiL-AI driven workplace, 
highlighting instead the need for profession-specific 
research to help better understand the implications 
of this for skills, testing, and measurement of out-
comes. Instead, participants in this study focused 
their attention on risk of harm to patients due to 
erroneous HiL-AI recommendations or hallucinations. 
So long as an identifiable professional made the final 
decision, that individual would be the focus of regula-
tory investigation and interest and would assume 
ultimate responsibility and/or liability for negative 
outcomes triggered by HiL-AI. Participants expressed 
confidence that existing systems of complaints, 
investigation, and discipline were sufficient to  
accommodate the proliferation of Hi- AI and that  
no significant modification to existing regulation  
was needed at this time.

3.	 Belief that regulation of HoL-AI in professional 
work may be infeasible 

All 18 participants in this study recognized that the 
era of solely HiL-AI in professional work was rapidly 
ending (or had already ended) and that going forward, 
HoL-AI would become more prevalent. Making the 
distinction that HoL-AI represents a more significant 
threat to public safety and interests than HiL-AI did 
not facilitate straightforward or practical solutions  
to the question of how regulatory bodies ought to 
respond. While simultaneously recognizing the 
potential risks associated with HoL-AI, participants 
also noted the infeasibility of regulatory bodies  
starting to regulate “machines” in addition to peo-
ple—even if these machines were performing  
controlled and regulated acts that legislatively are  
the sole purview of regulated health professionals.
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Described variously as a “conundrum,” a “wicked 
problem,” and “an impossible situation,” participants 
expressed their concern that widespread uptake of 
HoL-AI in professional work would transcend any 
regulator’s ability to regulate it effectively, transpar-
ently, and objectively. Regulators from the dental 
profession in particular noted, for example, that  
the use of AI to guide interpretation of radiographs 
had grown so prevalent, had resulted in such rapid 
deskilling of the workforce, and had such demonstra-
bly superior outcomes than human-led interpretation 
that it was producing significant pushback to the idea 
that regulation of HoL-AI was necessary or desirable 
at all. Some participants noted that the most feasible 
path forward would likely be to continue to regulate 
human professionals who may or may not use AI  
in their daily practice, but where HoL-AI was provid-
ing substantially similar service or care to humans, 
that other systems—tort law, national standards, 
etc.—would have to be relied upon to safeguard 
public interests. 

4.	 Support for an educational, principles-based 
rather than rules-based approach

All participants in this study agreed that a rules-based 
regulatory approach to HiL-AI or HoL-AI was neither 
feasible nor desirable, given the rapid pace of evolu-
tion and the inherent limitations of regulatory bodies 
with respect to their processes and their remit. 
Where participants expressed greatest belief of 
valuable impact was in the development and  
articulation of guidance documents and principles  
to support practitioners in making better and more 
informed decisions as to how best to integrate HiL-AI 
and HoL-AI in their practices. This shift away from 
rules to guidance—from a regulatory to an educa-
tional philosophy—was universally seen as the most 
viable and practical path forward at the current time. 
Most of the participants in this study were already 
involved in generating profession—and jurisdiction- 
specific principles that could be used as the basis for 
education or self-reflection by practitioners to guide 
their own decision making.

Common principles that emerged across professions 
and jurisdictions included:

Disclosure

Ensuring that patients were aware when HoL-AI was 
being used was described by most participants as 
essential. There was less agreement over whether 
disclosure of HiL-AI was necessary or desirable,  
with some participants expressing concerns that 
such disclosure would be unhelpfully cumbersome 

and time consuming and would not necessarily  
provide patients with any additional context or  
helpful information.

Consent

All participants agreed that where HoL-AI was being 
used, some form of informed consent procedure 
should be utilized, one that went beyond simple 
disclosure. Several participants noted that this may 
become problematic over time: while the general 
value of informed consent was not contested,  
there were pragmatic concerns that in situations 
where there the only alternative to HoL-AI driven 
health care is no care at all, the value of consent  
may be called into question.

In the initial AI-driven search of regulatory 
body websites in Canada, the US, and the 
UK, 316 regulatory websites were scanned 
for information regarding regulatory work 
focused on AI in professional practice (250 
in the US, 60 in Canada, and 6 in the UK).

Transparency/Openness

Both disclosure and consent represent a practical 
form of transparency, a regulatory principle of impor-
tance with respect to AI that emerged from this 
research. The general understanding of transparency 
involves clarity in communication, and confirmation  
of understanding by those who may be receiving care 
that relies partially or wholly upon AI. The importance 
of level-appropriate communication and providing 
patients with opportunities to ask questions without 
judgment was identified as an important tool for 
safeguarding public interests.

Choice

Participants in this study highlighted challenging 
discussions they had engaged with regarding the 
inclusion of choice (or options) as a principle.  
The notion of choice speaks to core ethical beliefs  
in health professions regarding autonomy, non- 
maleficence, and justice, but participants noted the 
practical problems associated with foregrounding  
the principle of choice (or providing patients with the 
option to select AI-enabled care or chose human-led 
care instead). The reality of most healthcare work-
places today is somewhat more complex: participants 
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noted that in some cases, health professionals them-
selves may not be aware of embedded AI (usually 
HiL-AI) in technologies and tools they use every day  
so may not be able to present choice as an option to 
patients. In other workplaces, there may simply be  
no other option that is feasible or available, other that 
rejecting care altogether. Particularly during this time 
of transition from HiL-AI to HoL-AI the inclusion of 
choice as a regulatory principle may be challenging  
to operationalize and difficult to justify.

Privacy

Across the multiple national and sub-national juris-
dictions examined in this study, there are different 
approaches to safeguarding public interests with 
respect to privacy. In all these jurisdictions, some 
form of legislative approach exists in which data 
collected by health professionals in the course of 
their work has limitations placed on it with respect  
to sale, sharing, or transmission to those outside a 
circle of care—though the level of these safeguards 
may vary considerably. Participants in this study 
noted that, as a general approach, safeguarding  
and respect for privacy of patients’ data was an 
important regulatory principle. The nature of AI- 
enabled systems means that abundant data is  
frequently collected and stored and in many cases 
these data may not necessarily be directly related to 
the specific health issue being addressed at that time. 
Further, the nature of large language models and 
AI-training requires more data to support better 
outcomes; thus, the data being collected and used in 
the delivery of AI-enabled care becomes the seed-
bank for future improvement in the AI technologies 
themselves. The ethical complexities this introduces 
with respect to ethical adoption of AI by practitioners 
is significant. While other principles such as transpar-
ency, disclosure, and consent can partially mitigate 
some of these ethical concerns with respect to pri-
vacy, the complexity of the technology itself suggests 
further work and greater clarity around reasonable 
privacy expectations is required. Participants in this 
study indicated this privacy principle was a particu-
larly challenging one to navigate given its importance 
to patience, existing legislative requirements, and 
complexity of the AI technologies themselves.

Redundancy

Participants in this study generally recognized that 
HiL-AI was already proliferating in most professions’ 
practices, and that HoL-AI was rapidly becoming  
both prevalent and accepted. From a regulatory 
perspective, this raised some concerns regarding  
the continuity of care in the event of technological 

failure. Electrical blackouts, natural disasters, system 
failures, and crypto-hacking are all significant risks  
for any technologically reliant industry; as health  
care becomes more reliant on AI, and as that reliance 
breeds deskilling of the workforce, there are con-
cerns that in the event of technology breakdown 
problematic interruptions in care delivery may occur. 
Regulators in this study expressed their belief that, 
rather than focusing on the unrealistic goal of  
preventing deskilling, it was more effective from  
a public protection perspective to include redun-
dancy/back-up system approaches as a principle,  
for both HiL-AI and HoL-AI. 

Audit and Feedback

Human health professionals are accustomed to 
quality assurance and maintenance of competence 
systems that provide them with some form of external 
assessment and appraisal based on objective crite-
rion regarding their performance in practice.  
Such assessments are the foundation for quality 
improvement. AI-enabled technologies are usually 
built in a manner that continuously draws upon a 
growing pool of data that allows it to “learn,” develop, 
and improve; arguably these systems have audit  
and feedback loops embedded in their design.  
Nonetheless, regulators in this study noted that 
potential value of a regulatory principle emphasizing 
the importance of this process, in ways that were 
respectful of patients’ privacy concerns, but which 
allowed for external benchmarking and comparisons 
to facilitate improvement and to ensure attainment of 
minimal performance expectations and standards 
expected of human-led health care. 

Code of Ethics

All health professions represented in this study func-
tion within a regulatory environment that identifies 
both standards of practice and rely upon a code of 
ethics to guide practitioner conduct. The intersection 
of standards and the code has long been a feature of 
regulated health professions and helps practitioners 
and the public understand the “what,” the “how,”  
and the “why” behind professional work and decision 
making. Regulators in this study noted that much of 
the AI-enabled technology in health professions work 
appears to align with professional standards of  
practice but it is more challenging to determine align-
ment with existing codes of ethics. Ethical principles 
such as autonomy, non-maleficence, beneficence, 
fiduciary responsibilities, etc. may appear abstract 
and intangible but healthcare professionals are guided 
by these ideals in their daily interactions with patients.  
Currently, where the majority of AI in health care is of 
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the human-in-the-loop variety, there may be a com-
plementarity between the superior computational 
power of AI and the ethical reasoning of humans.  
As HoL-AI becomes more prevalent, regulators noted 
that it would be essential that these technologies  
also embedded ethical reasoning and problem- 
solving process/algorithms that aligned with  
professional expectations.

Adversarial Interoperability

This term refers to competition amongst technology 
providers and entrepreneurs to ensure no single 
technology or system establishes a monopoly.  
The risk of a monopolistic AI provider or developer 
was deemed significant by participants in this study. 
Options such as open-source coding or multiple 
vendor platforms were identified as an essential 
safeguard to prevent monopolistic practices that 
could adversely impact both patients and the  
professions themselves.

This study identified the 9 themes described above as 
the most discussed and explored topics for regulators 
interested in a principles-based, rather than rules-
based, approach to responsible adoption of AI by 
healthcare professionals in practice. Not all principles 
may apply equally to all professions, and some  
professions may consider additional or other principles 
that are less relevant in some contexts. The challenge 
of a principles-based approach to regulation lies in 
making it applicable and relevant to an entire profes-
sion without diluting its impact precisely because it is 
so wide-spread. The consensus amongst participants 
in this study was that a rules-based approach would 
not be feasible given the rapidity of evolution of AI,  
its current ubiquity and anticipated growth, and the 
complexity of the technology itself. Some participants 
also noted the futility associated with a regulatory 
body even attempting to “take on” powerful technol-
ogy companies and entrepreneurs using available 
regulatory tools. All participants noted the current 
socio-political climate in which public faith in regula-
tion may be tenuous, leading these participants to take 
a more incremental, cautious, and less combative/
antagonistic approach.

The regulatory challenge associated with AI could  
be significant, if regulators decide this is an object  
of regulatory interest and a priority. The initial AI- 
enabled environmental scan that led to identification 
of research participants suggests that many regula-
tors have not yet reached the point where regulation 
of AI is seen as desirable, necessary, or a priority. 
Those that have appear to have opted for incremental, 
principles-based approaches that favour guidance, 

education, and support for practitioners to make their 
own decisions (rather than imposing regulation  
on them). Within the current context of human-in- 
the-loop AI systems predominating, this may be 
appropriate, since in most situations there will still  
be an identifiable human practitioner who is licensed/
regulated who can be the object of regulatory scru-
tiny in case of problems. This may change rapidly as 
HoL-AI becomes more prevalent—but until that time 
arrives, regulators continue to evolve their thinking, 
processes, and approaches to this issue.

While this research represents a preliminary and 
exploratory examination of this issue, there are 
important limitations to consider. For efficiency  
purposes, an AI-powered initial environment scan 
was undertaken, and given limitations of AI itself  
that have been described above, the accuracy and 
thoroughness of this scan may be questioned.  
The objective was to identify individuals who had 
expertise in both regulation/regulatory work and AI;  
it is not clear if the screening method used was able 
to fully achieve this objective. Further, it is not clear 
that such expertise in both regulation and AI technol-
ogies exists within or outside regulatory bodies.  
The semi-structured interview method described  
was useful for eliciting perspectives from individual 
regulators, but caution must be exercised in framing 
this data as any kind of “consensus” or “answer” to 
regulatory questions. Finally, the rapidity of the evolu-
tion of AI in health care is such that perspectives will 
shift rapidly, and this data may already be out of date.

Conclusion

Human-in-the-loop AI is already ubiquitous in health-
care work, in ways that are known and recognized  
by patients and practitioners, and in ways that may  
currently be less visible. The rapid evolution of these 
technologies means that human-out-of-the-loop  
AI will become widely available sooner rather than 
later. These realities raise important questions for 
regulators regarding their role in safeguarding public 
interests. Traditionally, the pace of regulatory change 
has been deliberative, consultative, and cooperative. 
The nature of AI itself may make this traditional 
approach challenging to sustain in the face of its  
rapid evolution and reach. This research has high-
lighted the evolution of thinking and regulatory  
practice at a specific point in the evolution of AI  
itself. Further work and discussion will be required  
to ensure that the promise of AI is achieved in ways 
that protect both patients and the professionals  
that serve them.
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APPENDIX 1: Semi-structured Interview Guide

1.	 Introduce self, title, and role in research study.
2.	 Thank participant for time and interest in this study.
3.	 Confirm name, title, and role of research participant.
4.	 Confirm participant’s understanding of objective or research, including recording of interview. Being recording of interview.
5.	 Review confidentiality safeguards, including:

a.	 While interview will be recorded, participant may request at any time to have recording stopped.
b.	 Participant may elect to answer or not answer any question asked.
c.	 After responding to question, participant may request that response be deleted.
d.	 Participant will be assigned an anonymizing code number for identification purposes in all data analysis and reporting. 

Only the interviewer will know the name of the participant.
e.	 Participants title and role will be kept confidential.
f.	 Name of the participants organization will be kept confidential.
g.	 To facilitate interprofessional comparison, the profession represented by the participant may be disclosed,  

though the specific geographic location of the regulatory body will not be disclosed.
6.	 Ask participant if any questions or concerns
7.	 Ask participant to positively consent to participate in the interview. Ask participant to confirm understanding of the 

objective of the interview and the confidentiality safeguards provided.
8.	 Thank participant for agreeing to participate in this study.
9.	 Begin interview.

A.	 To the best of your knowledge, what is the current status of artificial intelligence in your profession?
Cue for: 	 Human in the loop vs Human out of the loop AI
	 Patient-care focused vs administrative focused
	 Extent of penetration into professional practice

B.	 How do professionals in the field view the role of AI in their day-to-day work with patients?
Cue for:	 Understanding of technology
	 Reliance on AI for decision making
	 Approach to HiL-AI—automatic acceptance of recommendations?

C.	 How do you characterize your understanding of AI in professional work?
D.	 How confident are you in your ability, or the ability of your colleagues in your regulatory body, to understand  

the ways in which AI works and is influencing the evolution of professional practice in your field?
E.	 What work has your regulatory body undertaken with respect to AI?

Cue for:	 Documented activities
	 Involvement of professionals themselves in any work
	 Engagement with employers, educators, advocacy groups etc.
	 Engagement with technology entrepreneurs or companies

F.	 Based on your experience, what are your views on the current and future benefits of AI in professional practice?
G.	 Based on your experience, what are your views on the current and future risks of AI in professional practice?
H.	 How does your regulatory body view its role with respect to AI in professional practice?
I.	 What plans or processes does your regulatory body have for evaluating its potential role in regulation  

of AI in professional practice?
J.	 What do you see as the opportunities and risks for regulatory bodies to engage in the process of regulation of AI?
K.	 Do you have anything else to share? Is there anything we have missed that you feel may be relevant for this interview?
L.	 Thank participant. End recording.
M.	 Remind participant of confidentiality safeguards. Conclude interview with thanks.
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