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Teaching routine person-centered practice in medical education through medicines optimization; a realist review

Abstract
Background
[bookmark: _GoBack]Multimorbid patients are not well served by a narrow biomedical disease-focused approach to healthcare. The situation calls for a paradigm shift in healthcare practice towards an interpretive, person-centered model. Medical educators urgently need to teach medical students how to integrate biomedical and interpretive approaches to illness but practical pedagogy in the field is lacking. Medicines optimization (MO), which encompasses deprescribing, provides an everyday case-study of a curriculum theme requiring the everyday integration of potentially dissonant illness perspectives to achieve learning applicable for clinical practice. By clarifying ‘what works, for whom, under what circumstances, how and why’ in MO education we can better support the practical integration of dissonant illness perspectives in wider medical education. 
Method
 A realist review was conducted in keeping with the RAMESES guidelines identifying MO educational interventions trialled in undergraduate medical curricula globally and developing a programme theory (PT) illuminating the contexts, mechanisms and outcomes related to these interventions. Databases including Medline, Embase, Scopus, and ERIC were searched. Inclusion criteria focused on undergraduate MO/deprescribing educational interventions and were iteratively adjusted for PT development.
Results
[bookmark: _Hlk173833582]Analysis of 56 documents highlighted five key components needed to integrate biomedical and interpretive illness perspectives: the role of stakeholder perceptions influencing prioritization, resource allocation and engagement; meaningful inclusion into summative assessments; learners’ appreciation of their professional role and responsibility; and alignment of programmes with workplace and institutional culture. 
Discussion
Our PT uniquely unpacks the black-box of undergraduate MO educational programmes and will be developed through subsequent evaluations. The PT provides insight for educators in clinical pharmacology and more widely as an exemplar of education requiring the practical integration of biomedical and interpretive illness perspectives required of modern practitioners. 




Introduction
Globally, a continually greater proportion of people live with multimorbidity; they are not well served by disease-focused models of care (1, 2). For years steering committees having been calling for a paradigm shift in how care is delivered to this population with the need for a shift away from a narrowly biomedical approach to include holistic, interpretive and person-centered practice of illness management (3, 4). For this call to be realized changes must be made to the structures for delivery of healthcare as well as in the attitudes and approach of healthcare professionals (3). Regulators and workforce developers have responded to this call with the incorporation of priorities to develop a person-centered and generalist skillset into their graduate and workforce outcomes (5, 6). Medical schools have accordingly placed progressively greater emphasis on person-centered approaches to care within their curricula (7). Despite this prioritization there is a widespread observation amongst medical educators that medical students may not value and engage with education focused on person-centered principles and skills as highly as they do biomedical scientific knowledge (7). Despite the clear and increasing need for these skills, medical students and graduate doctors may then struggle to effectively apply the interpretive illness perspective to their clinical practice (7).
Multimorbidity and polypharmacy frequently co-occur and optimization of medication use is a key aspect of the care of these patients (3). Polypharmacy in this setting is in part due to the application of multiple clinical practice guidelines that do not account for clinical complexity, in a protocolized or non-holistic manner (8). Problematic polypharmacy (PP), polypharmacy where the intended benefits from the use of multiple medications are not realized, is a large and growing challenge facing these patients, prescribers and healthcare systems (1, 2, 4). PP disproportionally affects vulnerable populations such as the elderly, and is associated with increased morbidity and mortality and reduced quality of life in these groups, as well as healthcare burden and waste (4)(9). 
Medicines optimisation (MO) describes a person-centered approach to safe and effective medicines use, to ensure people obtain the best possible outcomes from their medicines, and incorporates the activities of structured medication review and deprescribing as well as the addition of beneficial medications (10). It is recognized as a key solution at the individual level to PP (11). MO is by international consensus a person-centered activity and requires integration of the biomedical and interpretive approaches to illness management for effective clinical practice (12-14). MO is not consistently taught within many medical schools (12). Where it is, it is situated within the solidly biomedical perspective of clinical pharmacology and therapeutics (CPT) themes and may be taught alongside prescribing towards the end of undergraduate medical programmes (12). With the increasingly widespread introduction of prescribing skills assessments as a requirement for clinical practice, such as the Prescribing Safety Assessment (PSA) in the UK, CPT and prescribing education is well engaged with by students due to its clear relevance to their imminent clinical practice (15). 
This setting places MO education as a strongly person-centered activity taking place within the traditionally biomedically focused curricular theme of CPT. As such, examination of MO education offers an everyday case-study in which to critically evaluate the practical work involved in integrating two dissonant illness perspectives. Clarity as to how MO educational interventions act to achieve their outcomes may have wider applicability to understanding the teaching of other boundary-spanning subjects in medical curricula. Its study may provide insight to boost engagement and minimize the gap perceived by learners between knowledge of biomedical disease management and teaching on person-centered care that learners may struggle to visualize the practical application of (7). 
To date, no review of the literature has systematically examined current knowledge on the effective constituents of MO educational programmes (12). Due to the complex nature of educational interventions, straightforward assessments of efficacy are frequently unable to provide transferable insight for educators (16). Instead, this realist review aims to clarify ‘what works, for whom, under what circumstances, how and why’ in the integration of biomedical and interpretive perspectives on illness within MO teaching in undergraduate medical curricula. 

Methods
Guiding principles
This review is undertaken with realist ontology and epistemology, from the theoretical perspective of critical theory and using realist evaluation (RE) methodology as developed by Pawson and Tilley (17). Realist enquiry is a theory driven and case-based approach directed at developing an understanding of generative causation in relation to the area of study; the use of theory driven approaches has been encouraged to maximise the usefulness of research in medical education (18, 19). RE is well placed to unpack the ‘black-box’ of complex, context-dependent interventions by providing findings in the form ‘what works, for whom, in which contexts, how and why’ in relation to programmes of interest via the development of middle-ranged programme theories. A glossary of key terms used in RE is presented in Table 1. 
This review adheres to the Realist And Meta-narrative Evidence Syntheses: Evolving Standards (RAMESES) guidelines (18, 20, 21). The review protocol was published on the Open Science Framework https://doi.org/10.17605/OSF.IO/8AP6K.  

Table 1: Glossary of terms used in realist evaluation (RE).
	Term
	Definition

	Mechanism
	Underlying processes that are real but usually hidden, which operate in particular contexts to generate outcomes of interest (18).

	Context, (intervention), mechanism, outcome configuration (C(i)MOC)
	A heuristic, in the form of a statement or diagram that spells out the relationship between particular features of context, particular mechanisms and particular outcomes (18). Intervention may be added to the configuration to form a CIMOC to avoid conflation between context and intervention.

	initial programme theory (iPT)
	A hypothesis, often the evaluator’s hunch in the form of an ‘if…then’ statement, developed at the start of a RE to explain how a programme works to produce outcomes (22).

	Programme theory (PT)
	A hypothesis, developed throughout realist research via primary or secondary data to explain how a programme works to produce outcomes (22).

	Mid-range theorising
	A theorizing specific enough to generate testable hypotheses in a specific case, but general enough to apply across a number of cases (18).

	Retroduction
	The key method of inference in RE. Retroduction works back from empirical outcomes towards the ‘real’ mechanisms that may serve to produce them (22).



Scope
To achieve the first objective of the review a formal search strategy to collate all MO educational interventions used in undergraduate medical curricula globally was undertaken. Based on the results of this search an initial programme theory (iPT) was developed in discussion with relevant stakeholders and the scope of the review iteratively focused on these core iPT themes. The iPT was used to direct subsequent searches of the literature and as a basis for data analysis and coding of documents in a process outlined in supplementary file 3 through iterative developments of the programme theory (PT). 
Search strategy
After preliminary reading, an initial literature search was performed focused on the identification of MO educational interventions performed in undergraduate medical curricula. The search strategy was developed in conjunction with an academic liaison librarian. The online databases of Medline, Embase, Scopus, Science Citation Index- Expanded (SCI-EXPANDED), Social Sciences Citation Index (SSCI), Emerging Sources Citation Index (ESCI), Book Citation Index- Science (BKCI-S) and Educational Resources Information Centre (ERIC) databases searched in August 2023. The search terms and Boolean operators used, and specific details of the searches conducted are presented in supplementary file 1. The grey literature was searched via the use of conference proceedings databases (CPCI-S and CPCI-SSH), searches on thesis/ dissertation databases (Open Access Theses and Dissertations and ProQuest Dissertations & Theses A&I) and multiple iterative searches of the broader internet via Google searches. Snowballing and citation searching were also used to follow-up on articles of interest. 
After the initial search, subsequent iterative searches were conducted following discussion with the research team and experts in the field on the basis of the requirements and concepts of interest within the PT until few new concepts or data of sufficient relevance were generated and the PT was considered sufficiently consilient, simple and analogous as to stop searching. 
Selection and appraisal of documents
Documents were included in the review on the basis of their rigour and relevance to the development of the emerging PT without the use of external checklists to ensure that potentially rich source documents were not excluded. An assessment of relevance and rigour was included into the bespoke data extraction sheet (Supplementary file 2) (20, 21). Only documents lacking rigour in the presentation of their results to the extent that the nature of the educational intervention was unclear were excluded from the review.
Assessment of relevance was applied in two stages. In the initial search, specific inclusion criteria to facilitate the first review aim were applied (Table 2) with articles screened using a systematic review management platform (Covidence, Melbourne, Australia). The very small number of non-English language articles were also excluded at the screening stage, otherwise no other exclusions were applied. Ten percent of the 3233 citations generated by the initial search were co-screened using the inclusion criteria in table 2 to ensure appropriate application of the criteria. Agreement between reviewers was seen on 97.5% of articles with disagreements resolved by consensus in the remainder. Given this degree of agreement the remaining articles were screened by a single reviewer, in keeping with established practice (23). 
To facilitate the second aim of this review all documents were then reassessed based a global generic assessment of relevance (see data extraction sheet: supplementary file 2) based on their ability to develop the PT. Literature searching and analysis were carried out in parallel; as such assessments of relevance were dynamic (21). Several documents that failed to meet the inclusion criteria during the initial search to facilitate aim one were subsequently reassessed and included to facilitate aim two, as detailed in the document flow diagram. For example, due to the limited literature corpus of MO interventions available in the undergraduate setting, postgraduate interventions were screened in subsequent searches because of their potential to provide transferable insight into the workings of MO interventions at the undergraduate level. 



Table 2: Inclusion criteria for the initial search. EPR: electronic patient record, QIP: quality improvement project. 
	Criterion
	Descriptor 

	1. 
	Does the article focus address medicines review/ optimisation/ deprescribing? 
(not: medicines reconciliation, polypharmacy, elderly care alone without reference to the above) - if no reject 

	2.
	Does it describe/suggest an educational intervention addressing this?  
(not: opinion, survey only, audit, EPR/review of discharge letters/other clinical QIP) - if no reject 

	3.
	Is the educational intervention aimed at undergraduate medical students? 
(not: undefined post graduate doctors, nurses, patients) - if yes- include
                                                                                        - if no- reject



Data extraction
Data were extracted from the included documents using a study-bespoke data extraction sheet developed in discussion with a realist expert (Supplementary file 2; version 5 of data extraction sheet). The sheet was iteratively refined after piloting and throughout the review. The sheet design allowed sufficient flexibility to usefully facilitate data extraction from a variety of document types with data rich enough to inform theorizing and PT development. In addition to the use of the data extraction sheets, full texts of the included articles were imported into NVivo (QSR International, Burlington, USA) and coded using nodes based on the components of the developing PT. The extracted data from NVivo was combined with that from the extraction sheets and used to develop the PT. Whilst coding was performed by the first author, the appropriateness of data extracted and the CIMOC generated were checked regularly throughout the review process with realist experts and members of the research team (24). 
Process of analysis and synthesis
The processes of analysis and synthesis were undertaken concurrently with data extraction and literature searching. During the initial search analysis reasoning was predominantly inductive; no formal iPT was used in this phase. CIMOC in this phase were emergent and closely in keeping with the empirical data; each rough CIMOC was related to a single source document to aid transparency in the presentation of results. 
At the end of this phase, several rough iPT were drafted by synthesizing initial data with the formal educational theories of transformative learning theory and experiential learning theory at the middle range of abstraction (25, 26). These learning theories were used to stimulate retroductive inference in our theorizing and to ensure that our PT were consciously aligned within the broader educational context. Formal leaning theory links also aided communication of ideas within the research team, benefited transferability and avoided theory blind spots that might have resulted from a purely bespoke approach to PT development. 
Throughout the review process CIMOCs and iterative theorizing were reviewed and discussed with the research team. To improve transparency, supplementary file 3 provides a roughly chronological account of the refinement, merging, prioritization and de-prioritization of the elements of the emerging iPT.
During the subsequent iterative literature searching and CIMO configuration data was drawn from extraction sheets and NVivo data extracted using nodes pertaining to contexts, mechanisms and outcomes from the iPT. Intermediate PTs were developed via juxtaposition, reconciliation, and consolidation using rough CIMO configurations (rCIMOC) until minimal new explanatory data was generated from iterative searches and the resultant PT was judged to be sufficiently consilient, simple and analogous to the data. The 76 rCIMOC were closely related to single source documents as presented in supplementary file 4 to aid transparency. These rCIMOC were juxtaposed, reconciled, and consolidated into 32 refined CMOC.  
Reflexivity
The research team was comprised of four clinical academics (all physicians, one in primary care) and two non-clinical academics. Five individuals were primarily medical educators with the remainder a primary care researcher. Three were experienced in RE and one an expert in polypharmacy. Reflexivity was checked regularly using the matrix proposed by Downey and colleagues, transparent documentation of PT development, and triangulation with the MO literature and substantive learning theory (27).  

Results 
Document inclusion flow diagram
[image: ]
Figure 1: Document inclusion flow diagram for the review. Based on a template by the RAMESES group, used with permission.

Document characteristics
The review was informed by 56 source documents (see supplementary file 5) with the search process summarised in Figure 1. Thirty (54%) of the included documents were original research, the majority being programme evaluations, of which approximately half had an experimental or quasi-experimental design, with the remainder being descriptive. Structured literature reviews made up ten (18%) of included documents. Thirty-eight (68%) documents included medical students. Pharmacy students, pharmacists, and postgraduate doctors made up the remainder with interprofessional populations frequently studied.
The mode publication year for documents was 2019, with 35% being published between 2018-2020. Author teams were most frequently based in the UK (n=17) or USA (n=16), with Canada and Holland also frequently represented; in total 45 (80%) author teams were based in one of these four countries. 
Summary of medicines optimisation educational interventions utilized in undergraduate medical curricula
Our search identified 12 MO educational interventions in the medical undergraduate setting, these are described and summarised in supplementary file 6. Due to the heterogeneity of study design and outcome reporting, no meaningful cross-case statistical analysis of intervention effectiveness was possible. 
Main findings: Realist review
Using data extracted from source documents, 32 CMOCs were developed (Table 3) and synthesized to support a PT (Figure 2) unpacking the generative causation of outcomes of MO educational interventions in undergraduate medical curricula. The PT diagram presents the major elements of context, intervention, mechanism and outcome to be considered in this setting. Key concepts within each element are encapsulated within the respective CMOCs as denoted within Figure 2 and Table 3; some CMOC provide insight into than one PT element. The evidence underpinning each CMOC and PT element are detailed in supplementary file 4 and 7 for transparency. The PT is discussed in three parts below.
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Figure 2: A diagrammatic representation of the programme theory for medicines optimization educational interventions in the undergraduate setting. Pink components = contexts, yellow components = interventions, green components = mechanisms, blue components = outcomes. Black arrows suggest a relationship, many of which are bidirectional. Red arrow suggests effect if mechanisms misfire or fail to fire. CMOC: refined context, mechanism, outcome configurations. A more detailed MRT diagram is available in Supplementary file 7.

Table 3: Elements of the programme theory with their associated refined CMO configurations. Refer to Supplementary file 4 and 7 to trace the source documents pertaining to each element.
	Element code
	Element 
descriptor
	Associated refined CMOC

	C1
	Competing interests for learners’ attention 
	CMOC #1: Medicines optimisation educational interventions are usually delivered towards the end of medical undergraduate degrees, often in parallel to medical clerkships (C). If these interventions are delivered using principles that are not aligned with the rest of the degree (resource M) this may lead to cognitive dissonance amongst learners and disengagement from the learning (response M), resulting in reduced efficacy of the intervention (O).
CMOC #2: When teaching medical students towards the end of their degrees, socialised into the biomedical perspective of illness, busy with clerkships and other curricula requirements (C), stand-alone or brief medicines optimisation educational interventions based on generalist principles (resource M) may not be valued and engaged with by learners (O) because of a lack of headspace in learners (response M). 

	C2
	Clinical and academic alignment
	CMOC #3: Learners will attend medicines optimisation teaching programmes with a range of pre-existing knowledge and clinical and communication skills; this range is likely to be wider in interprofessional groups (C). Interventions that address this range in knowledge and skills, for example with the use of a flipped classroom model (resource M), may be more efficacious (O) by avoiding learner frustration (response M). 
CMOC #4: Medicine optimisation practice requires multifaceted knowledge, skills and attitudes (C). Educational interventions that reflect this and provide a multifaceted approach to teaching (resource M) may result in a greater ability to apply medicines optimisation to practice (O) via the closer alignment of learning with practice (response M). 
CMOC #5: Within an institution that values the principles of SDM, PCC, interprofessional working and generalism and incorporates them into varied elements of the curriculum (C), a medicines optimisation programme that draws on these principles (resource M) may more readily engage students with the learning (response M) and result in deeper, more integrated learning on the subject (O).

	C3
	Perceived value and prioritization of resources
	CMOC #6: Where the importance of medicines optimisation is not highlighted at the national level in expected outcomes for medical graduates and there is no inter-institutional standardisation of such education (C), the absence of national medicines optimisation prioritisation (resource M), may result in a perception of lack of value amongst institutions (response M) and result in institutions failing to allocate the required resources and curriculum time needed to effectively teach the subject (O).
Also see CMOC #1 and 2.

	I1
	A knowledge base and framework to approach medicines optimisation
	CMOC #7: The practice of medicines optimisation requires a complex combination of knowledge, skills, attitudes and behaviours (C). Educational interventions that provide frameworks to begin learning and trialling these attributes (resource M) may allow students to gain an initial grasp of the subject, as a pre-requisite to later practice (O) via a perception of sufficient self-efficacy (response M).
CMOC #8: A level of working pharmacological knowledge is required for clinicians to confidently and safely optimise medications (C). Educational interventions which facilitate the provision of such knowledge (resource M) may trigger sufficient confidence in learners (response M) to allow subsequent trialling and practice of medicines optimisation (O). 
CMOC #9: The practice of medicines optimisation requires a complex combination of knowledge, skills, attitudes and behaviours which exert significant cognitive load and reduce available headspace, which is required to practice this task (C). Educational interventions which provide simple frameworks (for example, to undertake structured medication reviews) (resource M) may reduce cognitive load enough in learners (response M) to trial and practice these skills (O). 

	I2
	A safe space to trial new skills
	CMOC #10: The practice of medicines optimisation requires ability in a number of skills, such as a person-centred approach to the consultation, which students may have had limited opportunity to practice and struggle to use (C). If medicines optimisation educational interventions provide a safe space to trial these new skills (resource M) students may be able to gain confidence in the use of these skills to the level where they can appropriately use them on real patients (O) via a cycle of critical reflection and active experimentation (response M).
CMOC #11: The practice of medicines optimisation requires integration of skills and knowledge in real time, a process which, for the novice, can readily fail in application (C). If medicines optimisation educational interventions provide an opportunity to apply learning to practice in a no-risk space with time-outs to return to the knowledge base if required (resource M), learners may more readily trial new skills and gradually gain competence (O) via the perception of confidence in safety (response M).  

	I3
	Interprofessional clinical experience
	CMOC #12: The governing bodies of various healthcare professions require different but overlapping outcomes from their graduates (C). If medicines optimisation educational interventions incorporate IPE designed to target learning at the points of overlap between respective outcomes for graduates (resource M), the education may be perceived as more relevant and meaningful (response M) and result in a more positive perception and greater engagement with future IPL (O).
CMOC #13: The practice of medicines optimisation is challenging and may not be readily practiced if learners are not engaged with it (C). If a medicines optimisation programme provides legitimate peripheral participation with associated responsibility (resource M), this may trigger motivation in learners (response M) and result in practice of the task despite difficulties (O).
CMOC #14: Medicines optimisation is a complex task that takes considerable experience to practice safely (C). If a ward-based medicines optimisation programme fails to provide adequate supervision (resource M) this may result in potentially unsafe over-estimation of self-competency amongst students (O) via a failure to reflect in the absence of feedback (response M).

	I4
	Feedback in small interprofessional groups
	CMOC #15: Most medicines optimisation decisions are inherently uncertain and many clinicians fret that they do not have permission to act in this capacity; trainees are likely to share these concerns (C). If medicines optimisation educational interventions provide ample time for group debrief and feedback on decisions made (resource M) this may help clarify safe boundaries for uncertain practice in learners (response M) and result in more confident, safe practice ongoing (O)
CMOC #16: Most medicines optimisation decisions are inherently uncertain and learners may therefore be reticent in sharing their medicines optimisation plans in groups they do not know (C). If medicines optimisation educational interventions provide provision for feedback in small groups with relational continuity (resource M) this may lead to a feeling of security within the group (response M) and result in in-depth and meaningful sharing of experiences (O).

	I5
	Aligned assessment
	CMOC #17: In the undergraduate setting where success in assessment, rather than distant clinical practice, is a key driver of learning for students (C), medicines optimisation educational interventions should include significant summative assessment (resource M) to trigger motivation and a perception of value in the education (response M) to achieve the desired competencies (O).  
CMOC #18: In the undergraduate setting where assessment drives learning (C), medicines optimisation educational interventions that carefully align learning outcomes, activities and assessment (resource M) may be more likely to result in appropriately person-centred, nuanced, generalist medicines optimisation practice (O) via motivation to learn in keeping with the requirements of assessment (response M).

	M1
	Critical reflection
	CMOC #19: Many medical students have been socialised into the biomedical perspective on illness as they reach the end of their medical degrees, which stands at odds with a person-centred approach to care (C). Medicines optimisation educational interventions which employ activities to promote critical reflection (resource M) may trigger perspective transformation and transformative learning in students (response M) which may enable ability to practice medicines optimisation clinically (O). 

	M2
	Cognitive and emotional capacity 'Headspace'
	See CMOC #2 and 9. 

	M3
	Understanding of the whole person in context
	CMOC #21: The provision of tailored prescribing recommendations relies on an understanding of the patient as a whole person (C). Medicines optimisation educational interventions that highlight the practical importance of understanding the patient as a whole person to improve patient outcomes (resource M) may lead to a perception of greater value and engagement with this education in learners (response M) and result in a person-centered, generalist approach to medicines optimisation (O). 
CMOC #22: A person-centered, bio-psycho-social approach to the consultation is likely to unearth a large number of patient problems and evoke emotions in the patient and student (C). If medicines optimisation educational interventions promote an exploration of the patient as a whole person but provide no resources to process or respond to the issues this raises (resource M), learners may be reluctant to trial this skill (response M) and may therefore be unable to make individualised medicines optimisation recommendations in practice (O).  

	M4
	Understanding of one's own roles, responsibilities and expertise and those of the other members of the multidisciplinary team
	CMOC #23: Physicians may have no role in some of the problems raised by patients during person-centered attempts to optimise medications, whereas other professionals may be effective (C). If medicines optimisation educational interventions provide IPE that gives students an understanding of the roles and expertise of the wider MDT (resource M) this may promote engagement with, and practice of, person-centered medicines optimisation in the longer term (O) by a perception of efficacy in self and in the process (response M).
CMOC #24: Unclear responsibilities in the task of medicines optimisation can act as a barrier to its clinical practice (C). If medicines optimisation educational interventions provide IPE that give learners the opportunity to discuss roles and responsibilities within the medicines optimisation process (resource M), learners may perceive clarity in roles via critical reflection (response M) and feel they have a stake and purpose in the task (O). 

	M5
	Cognitive dissonance
	CMOC #20: Many medical students have been socialised into the biomedical perspective on illness by the time they approach the end of their medical degrees (C). A medicines optimization educational intervention that includes activities providing a discomforting dilemma to this perspective and a method to process it (resource M) may trigger critical reflection (response M) and lead to the perspective transformation required for the practice of generalist medicines optimization (O). 
Also see CMOC #1.

	M6
	Self-efficacy
	CMOC #25: The practice of medicines optimisation requires integration of a range of knowledge, skills, attitudes and behaviours (C). Medicines optimisation educational interventions that provide learning environments that facilitate the integration and synthesis of these attributes (resource M) may trigger self-efficacy in the task (response M) and enable ongoing trialling and practice of medicines optimisation (O). 
Also see CMOC #23.

	M7
	Feeling overwhelmed
	CMOC #26: Many medical students towards the end of their degrees are socialised into the biomedical perspective of illness and have limited headspace due to other curricula requirements (C). Medicines optimisation educational interventions that introduce principles of PCC and generalism but fail to facilitate its processing and integration into existing illness perspectives (resource M) may cause learners to feel overwhelmed by the education (response M) and therefore reject the education and fail to practice it as a means to preserve their cognitive and emotional capacity (O).

	O1
	Development of a generalist approach to medicine
	CMOC #27: The effective practice of medicines optimisation requires clinicians to step outside of clinical practice guidelines (C). Medicines optimisation educational interventions which promote a whole-person-in-context view of illness (resource M) may trigger the trialling and practice of PCC and SDM in learners (response M) and form a foundation on which to practice a generalist approach to medicine ongoing (O). 
CMOC #28: The effective practice of medicines optimisation requires clinicians to step outside of clinical practice guidelines, this requires a perception of permission and self-efficacy in practitioners (C). Medicines optimisation educational interventions which facilitate the working through of safe boundaries for inherently uncertain practice (resource M) may empower learners (response M) and enable learners to trial and practice a generalist approach to medicine (O). 
Also see CMOC #21.

	O2
	Competence in shared decision making
	CMOC #29: Decisions arrived at by shared decision making are more likely to result in acceptable and sustainable changes to patients’ medications and be defendable in the case of adverse outcomes as a result of these changes (C). Medicines optimisation educational interventions that facilitate the trialling of SDM (resource M) may promote a perception of self-efficacy and security in learners (response M) and result in a greater likelihood of routine medicines optimisation practice ongoing (O).

	O3
	Ability in interprofessional collaboration to optimise medicines
	CMOC #30: The optimisation of complex, multi-morbid patients’ medication usually requires interprofessional collaboration to be effective and sustainable (C). If medicines optimisation educational interventions fail to facilitate meaningful interprofessional experience (resource M), learners may persist in a siloed, theoretical understanding of the subject (response M) and may not gain an understanding of the steps required to optimise medicals in practice (O). 
CMOC #31: Opportunity to see the positive impact of plans made can act as a powerful trigger for learning (C). Medicines optimisation educational interventions that facilitate realistic interprofessional collaboration and follow-up of cases (resource M) may trigger motivation to develop and practice these skills in learners (response M) and result in a positive perception of IPE and collaboration ongoing (O).
CMOC #32: Out-of-guideline medicines optimisation decisions, made alone by clinicians, may exert a high cognitive load on individuals (C). Medicines optimisation educational interventions that facilitate realistic interprofessional collaboration (resource M) may provoke a perception of security in learners (response M) and reduce the cognitive load associated with the practice of medicines optimisation to a level permitting ongoing trialling and eventual practice (O).

	O4
	Failure to practice medicines optimisation
	See CMOC #1, 2, 22 and 26.



Contexts that engage individuals and promote the value and prioritisation of medicines optimization education (PT elements C1, C2, C3; CMOC #1-6)
The practice of MO is complex and frequently perceived as difficult by physicians; learners must value and meaningfully engage with MO education in order to gain knowledge and skills applicable to its meaningful clinical practice (28). Several contextual factors affect individual learner and institutional judgements as to the value of MO educational interventions. 
Alignment of the underpinning ethos and learning theories of MO educational interventions with those of the wider medical programme appear important in learners’ assessment of the value of MO education and their engagement with it (CMOC #1 and 6) (5, 7, 12, 29-33). The practice of MO requires application of a generalist approach to medical practice which includes a person-centered approach with skills in shared decision-making (SDM) (11, 28, 33, 34). Depending on the underpinning ethos of the wider medical programme, these principles in MO interventions may stand at odds with students’ everyday learning and practice and promote cognitive dissonance. Cognitive dissonance may be processed by learners either via critical reflection into perspective transformation, or else result in the material being rejected and disengaged from (7, 25). Such disengagement may be more likely when medical students have been socialized into the biomedical perspective of illness, a situation more commonly seen towards the end of medical degrees, the point at which most MO programmes are delivered (supplementary file 6) (7). 
This tendency towards disengagement in the face of cognitive dissonance may be greater in learners lacking cognitive and emotional capacity, or headspace. We suggest that a lack of headspace may be common in learners due to most MO programmes being run towards the end of medical degrees, with imminent final examinations, and alongside clinical clerkships with portfolio requirements (CMOC #2)(7, 28-30). MO programmes run within medical programmes that incorporate the principles of generalism, SDM, interprofessional education (IPE) and person-centered care (PCC) throughout may be less likely to rejected via this mechanism and learners are more likely to value the education if it aligns with the wider institutional values (CMOC #1 and 6) (5, 7, 12, 29-33). Similarly, alignment and integration of this education may be increased if prescribing programmes present MO on the continuum of good prescribing. The converse true of MO educational interventions delivered, or perceived as, external ‘bolt-ons’ to prescribing programmes with resultant effects on perception of value in, and engagement with the education. 
The degree to which educational institutions value MO education is likely to be influenced by the national educational priorities of steering committees and regulators (CMOC #6) (5, 7, 12, 29, 31-33). Institutional judgments as to the value of MO education will affect the resources they allocate to its delivery (CMOC #2) (7, 28-30). If steering committees and regulators fail to mandate graduate competence in MO, educational institutions will be unlikely to allocate significant resources to such education. The literature provides examples of the failure of MO interventions as a result of lack of resources, for example due to insufficient clinical placements (31). The fact that 42% of MO educational interventions found in our initial search took the form of stand-alone sessions also hints at this lack of resources (supplementary file 6). As steering committees increasingly highlight the importance of IPE, SDM, PCC and generalist skills in graduates, educationalists may be able to leverage increased resources allocated to their MO programmes whilst introducing efficiencies in resource allocation, by highlighting the suitability of such interventions to teach these skills (5, 6). 
Elements of programme design that trigger critical reflection on the role of the learner and the MDT, and maximise headspace (PT elements I1-5, M1-4, O3; CMOC #7-24, 31)
Three interventional elements in MO programmes: ‘a safe space to trial new skills’, meaningful ‘interprofessional clinical experience’ and ‘feedback in small interprofessional groups’ with relational continuity, supported by ‘a knowledge base and framework’ and ‘aligned assessment’, may work to trigger a cycle of cognitive dissonance and critical reflection in learners. This may lead to our intended outcomes via mechanisms including a perception of sufficient headspace and an understanding of interprofessional roles in MO clinical practice (Figure 2). 
The practice of MO requires the complex integration of knowledge, skills and behaviours from both the biomedical and person-centered illness perspective, which exerts high cognitive load in learners (CMOC #7,8,9) (14, 31, 33, 35-38). Many associated skills, such as SDM, may be challenging to learners and they may struggle to apply them initially (CMOC #10) (37-40). The real-time integration of new and complex knowledge, skills and behaviours, whilst face-to-face with patients, is liable to fail at first (CMOC #11) (37-40). We suggest that the provision of a safe space to trial this integration is key to enabling learners to reflect on performance, plan future actions and begin to use MO skills on clinical placement. The ‘safe space to trial new skills’ may involve simulated patient consultations, case-based discussion and/or use of expert demonstration; all elements commonly seen in the literature on the teaching of SDM and PCC and in MO education specifically (Supplementary file 6). Expert demonstration specifically may allow visualization of goals for learners and trigger reflection and planning whilst improving headspace via the implicit or explicit provision of schemas (41). The literature provides examples of use of the ‘safe space’ to include learner and preceptor facilitated return to the knowledge base, ‘time-outs’ and the verbalization of clinical reasoning. Additionally repetition and reinforcement, with feedback to allow learners to identify knowledge and skills gaps, may allow learners a perception of sufficient self-efficacy to begin MO practice on real patients (CMOC #7,8,9) (14, 26, 31, 33, 35-38, 42). 
IPE is a frequently utilized intervention element in MO education, present in 42% of the MO interventions identified, with pharmacy and medical student partnerships by far the most frequent combination (supplementary file 6). Work has been undertaken to map the points of overlap between the published outcomes for graduates from various professional groups; MO education represents an ideal setting for authentic IPE within these areas of overlap (43). MO IPE targeted at the areas of overlap in these outcome documents is likely to be perceived as more relevant by learners and faculty and be engaged with more readily (CMOC #12) (13, 29, 44-52). 
Legitimate peripheral participation in MO practice and the provision of responsibility in patient care, appropriate for the learner’s stage in the programme, appear to be powerful motivators for learning (CMOC #13, 31) (13, 14, 29, 31, 32, 44-56). MO programmes utilizing these elements in formats such as student-run clinics have been suggested to be effective in several institutions (47). Alternative interprofessional clinical experience formats such as home visits and longitudinal placements, with patient continuity over several months, have also been utilized in MO education and may prove to be particularly effective in helping learners, via critical reflection, appreciate and value an understanding of the patient as a whole person in context (CMOC #21) (40, 48, 52, 56-58). We suggest that the integration of the biomedical and person-centered illness perspectives required in MO practice should be seen as a transformative learning process. Meaningful clinical placements have the potential to offer many of the components, for example immersion, dilemma and opportunity for trialling, deemed necessary for meta-level reinvention or transformative learning (CMOC #20) (13, 25, 29, 30, 44, 45, 49, 59, 60). Immersion may be an important trigger for the development of the complex, multilayered, flexible amalgamations of knowledge, skills and attitudes necessary for enduring ‘knowledge-in-practice-in-context’ needed in MO (13, 29, 30, 44, 45, 49, 60).
Interprofessional clinical experience and the ‘safe space to trial new skills’ should be supported by robust supervision and provision of feedback in order to be safe and maximally effective (CMOC #14, 22) (13, 29, 40, 44-52, 56-58). Feedback is a pre-requisite for meaningful reflection and critical reflection. An MO programme that failed to provide this safe space and meaningful supervision with feedback resulted in a significant mismatch between student confidence (high), and ability (low) (52). MO practice is overtly uncertain; this perception, and that of a lack of permission to undertake the task, have frequently been cited as barriers to practice (28, 45, 61). Learners may be reticent to meaningfully share experiences and reflections on MO practice due to the perception of vulnerability in the face of uncertainty, especially in unfamiliar groups (CMOC #15, 16) (29, 31, 50, 52, 58, 62-64). In-depth sharing and subsequent processing of experiences, and critical reflection with perspective transformation, can be promoted by the use of small groups with relational continuity between participants and facilitators (CMOC #19) (44, 62, 64). Studies in contrary settings have been shown to provide ineffective feedback (7, 65). The facilitated processing of patient-centered experiences has been shown to be important in sense-making; without this learners may be reluctant to engage with person-centered practice as a means of emotional protection (CMOC #22) (7, 40, 48, 52, 56-58). 
Our analysis suggests feedback groups should be interprofessional; interprofessional feedback can provide a greater spread of perspectives and allow the learner to gain an understanding of their own roles, responsibilities and expertise in MO, as well as those of other members of the interprofessional team. Through this understanding, learners may perceive efficacy in the team for the care of patients for whom they previously saw no personal role (CMOC #23, 24) (13, 14, 31, 50). Discussion on diversity of perspectives in a safe, non-judgmental setting may also promote critical reflection and an understanding of the whole person in context. Interprofessional interventions must provide time to allow this appreciation of roles through the building of rapport; for this reason stand-alone sessions may fail to see this mechanism actuate (66). 
Appropriately aligned and weighted assessment forms a supporting intervention element in our model. Assessment is a major driver of learning, particularly in the undergraduate setting (65). We reiterate the importance of the careful alignment of learning outcomes with learning activities and assessment (CMOC #18) (29, 32, 33, 49, 67, 68). Failure to do say may drive the learning of MO in undesirable directions; this has been demonstrated in MO interventions assessed via inappropriately simplistic multiple-choice questions resulting in a naive rules-based approach to MO which was not applicable to clinical practice (32). Our analysis suggests that MO assessment should include a summative component. The absence of summative assessment hints at a lack of institutional perception of value in the skill, which is likely to be reflected in learner’s assessment of value and their subsequent engagement with MO programmes (CMOC #17) (29, 32, 33, 49, 67, 68). Meaningful assessment requires support with an appropriate level of institutional resources. Alignment in the design of MO programmes may provide opportunities to introduce resource efficiencies via whole programme assessment blueprinting. For example, assessed aspects of MO educational interventions, such as SDM or generalist principles, may then need not be assessed as frequently elsewhere in the curriculum. 
Processes which promote learner empowerment and self-efficacy in medicines optimization (PT elements I4, M4, M7, O1-3; CMOC # 15,16,23,24,26-29,30,32)
A perception of confidence in one’s ability in MO is commonly held as prerequisite to its clinical practice. Forty-two percent of MO programmes in medical curricula used confidence as an outcome measure; a reflection in part of the ease collecting this outcome measure as well as its importance (Table 3). Our iPT included confidence as a mechanism but this term was developed into ‘self-efficacy’ to reflect the context and task-specific nature of the perception (69). Our PT places self-efficacy as the final common effector mechanism resulting from the afore mentioned intervention elements and more proximal mechanisms. If the programme misfires, the contrary mechanism ‘feeling overwhelmed’ may result which could be conceived as a lack of self-efficacy (Figure 2). We conceptualize ‘feeling overwhelmed’ as the state of disempowerment resulting from a lack of the knowledge and skills required to practice MO, whether or not this is perceived as ‘feeling overwhelmed’ by learners.
Empowerment and self-efficacy and their inverse, powerlessness and feeling overwhelmed, have been frequently cited as enablers or barriers respectively, to MO clinical practice (28, 70). Many doctors graduate medical school perceiving they have no role, stake, or purpose in MO; a lack of clarity in terms of responsibility for MO additionally inhibits their routine practice (28, 71). Accordingly, an understanding of one’s own roles, responsibilities and expertise in MO with an understanding of the roles, responsibilities and expertise of the MDT involved in MO has a key contribution to self-efficacy (CMOC #23, 24) (13, 14, 31, 50). Uni-professional MO teaching that fails to trigger the mechanism of roles may result in theoretical learning less reflective of clinical practice, or professionally siloed MO practice, which may lead to non-sustainable or ineffective MO and erode self-efficacy and likelihood of routine MO practice (CMOC #30) (13, 14, 31, 32, 53-56). For example, the literature describes programmes in which students develop increasingly negative attitudes towards the care of patients with multi-morbidity, with sentiments of hopelessness and disillusionment developing from excessive exposure to seriously ill patients in the in-patient setting without opportunity to follow them up as out-patients (55).
Permission to act in a generalist, boundary-spanning, role has been cited as an important enabling factor in MO practice (28). Promotion and development of a generalist approach to medicine could therefore be expected to act to empower learners in MO and enhance self-efficacy (CMOC # 27) (7, 32, 36). Security in decision making is another empowering factor in MO practice that can promote self-efficacy. Development of shared decision-making skills as an outcome of MO programmes, to help learners come to acceptable and defendable MO decisions, may contribute to a perception of security (CMOC #29, 32) (13, 14, 28, 31, 32, 53-56, 70). Security in decision making may also be promoted by the working out of safe boundaries for inherently uncertain practice; the working out of such boundaries may be facilitated via clinical experience followed by facilitated feedback and reflection in groups (CMOC #28) (7, 32, 36). This perception of security and interprofessional roles in MO may result in a perception of greater headspace (CMOC #15) (29, 31, 50, 52, 58, 62-64). 
Provision of feedback is suggested to be central to the development of self-efficacy via the afore mentioned intermediate mechanisms (CMOC #15, 16) (29, 31, 50, 52, 58, 62-64). Lack of feedback may result in learners failing to integrate and process new knowledge and experience and result in the perception of being overwhelmed (CMOC #26) (7, 29, 72). The excessive cognitive load resulting from this lack of integration and processing may contribute to the lack of self-efficacy and inhibit ongoing trialling of MO (CMOC #32) (13, 14, 31, 32, 53-56). 
Outcomes, aligned with wider medical education priorities, that facilitate routine medicines optimization practice (PT elements C3, O1-3; CMOC #27-29,32)
Our analysis has resulted in the elucidation of three high level outcomes from MO programmes; the development of a generalist approach to medicine, competence in shared decision making and ability in interprofessional collaboration to optimize medicines (Figure 2). These outcomes are explicitly aligned with the aims of the UK’s Health Education England (HEE) Future Doctor Programme, Outcome 1 and the central patient centered approach of the Royal Pharmaceutical Society’s (RPS) Good Practice Guideline on Medicines Optimization and Quality Statement 1 of the National Institute for Health and Care Excellence (NICE) Quality Standard for Medicines Optimization (5, 10, 73). The outcomes of our PT are also aligned with the proposed curricular framework for an interprofessional approach to deprescribing described by the Canadian Farrell group (33). The latter group puts forward a detailed list of deprescribing competencies with associated requirements for knowledge and skills which this review does not attempt to replicate. Accordingly, the outcomes of our review are broad in nature. 
SDM is fundamental to gaining and demonstrating an understanding of the whole person in context and visa versa (5, 10, 28, 70, 73, 74). Both elements are prerequisites to PCC and the generalist approach to medicine required in MO. The generalist approach and SDM may provide learners with the self-efficacy and permission to make outside-of-guideline decisions when appropriate, the ability to sit with overt uncertainty and facilitate the required headspace to undertake MO routinely in clinical practice (CMOC #27, 28, 29, 32) (7, 13, 14, 28, 31, 32, 36, 53-56, 70). 
Ability in interprofessional collaboration is explicitly sought as an outcome in 42% of MO programmes (supplementary file 6), as well has being a central theme running through the MO literature. Ability in interprofessional collaboration mitigates several of the barriers to MO prevalent in the literature; with generalism and SDM it provides permission to undertake the task, allows the working through of safe boundaries to practice and improves headspace (CMOC #28) (7, 28, 32, 36). It results from the mechanisms of an understanding of interprofessional roles and self-efficacy. It also provides practical enablers of routine MO practice by allowing the division and delegation of aspects of the task (28). 
These outcomes may provide learners with the knowledge, skills and attitudes to overcome many of the non-structural barriers to routine MO practice as documented in the literature (28, 70, 71). Each of these programme outcomes are highly transferable between themes in undergraduate curricula due to their centrality within the position statements of key steering committees including the UK General Medical Council (GMC) (5, 6). Such transferability of outcomes may increase learners’ perception of value in MO education and boost their engagement with it (CMOC #6) (5, 7, 12, 29, 31-33). The alignment of outcomes with the priorities of national steering committees may also improve institutional buy-in and resource allocation and may be leveraged by educationalists in this field. 

Discussion
Summary of findings
This study is the first to review the field of MO and deprescribing educational interventions in undergraduate medical education. Through the analysis of these collated articles and purposive iterative searching in related fields of the literature, a programme theory informed by 32 CMOC was developed. This PT will be refined and developed through subsequent RE. 
By international consensus MO requires an interpretive approach to illness whilst sitting on a continuum with prescribing within CPT curricula, with its strong preference for prioritizing the biomedical approach to illness. MO education can be seen as an everyday case-study for the practical application of person-centered approaches to patient care and may be considered a gateway to person-centered practice even for learners who are attitudinally less inclined to this perspective on medical practice. In MO, integration of the biomedical and interpretive perspectives on illness are critical to the facilitation of learning in keeping with the demands of clinical practice. 
The theorizing in this paper is middle-ranged; it is specific enough to generate testable hypotheses but generalizable enough to apply across cases; a summary of insights is presented in table 4. Our PT provides insight for CPT educators planning or evaluating related educational interventions in a subject described as an ‘educational imperative’ but inconsistently covered in undergraduate curricula (12, 32). The PT may also provide insight to educators outside the CPT curriculum wishing to gain a greater understanding of the contexts and mechanisms potentially at play in educational interventions aiming to integrate the biomedical and interpretive approaches to illness.

Table 4: A summary of transferable insights resulting from this review.
	Insight

	1. Medicines optimisation (MO) educational programmes can be considered exemplars of the everyday, practical integration of the biomedical and interpretive perspectives on illness. 
They are ideal settings in which to explore:
· Skills in shared decision-making
· A generalist approach to medicine and medicines
· Person centered consultation models
This property may be used to leverage resources towards the delivery of this education.

	2. MO educational programmes are an ideal setting for interprofessional learning and collaboration.
· To boost engagement, learning outcomes can be designed to target the areas of overlap between the expected graduate competencies of the respective professional groups.

	3. MO educational programmes are likely to be better engaged with by learners and faculty if they align with the principles and culture experienced in the rest of the medical curriculum and in the workplace.

	4. Perceptions of the value of MO drive its prioritisation and the resources learners allocate to engage with the subject. 
Factors that can promote the learner’s perception of value in MO are:
· Its meaningful inclusion within summative assessments
· The learner’s appreciation of their professional role and responsibility in MO
· The resources (time, clinical placement development) allocated towards delivering the education.

	5. Feedback in small interprofessional groups with continuity is a key intervention element in MO programmes.
· It may promote self-efficacy through the perception of headspace, clarity in interprofessional roles and the provision of varied perspectives for appreciation of the patient as a whole person in context.



Comparison with existing literature
There are no published reviews focused on the teaching of MO or deprescribing skills to undergraduates to allow direct comparison with our review. However, the work of this review is aligned with realist reviews in the related fields of deprescribing clinical practice and person-centered care education (7, 28). Links have been made explicit in the presentation of results for the benefit of the external validity of our work (7, 70). It has also been aligned with the activities of the curricular framework for an interprofessional approach to deprescribing education proposed by the Farrell group (33).
Comparisons can also be made with several reviews investigating prescribing education effectiveness (75-79). These reviews, like ours, found that a significant proportion of studies focused on learners’ reactions to interventions (77-79). Reviewers also commented on heterogeneity in study design inhibiting their ability to make generalizable statements (77-79). Most studies were unclear in reporting the contents of their intervention making transferable learning difficult (77). Although the majority of published programmes involved multifaceted interventions, reviewers were unable to suggest differential effectiveness of programmes based on any combination of intervention elements (75). 
Strengths and limitations of the review
In a setting of disparate literature on complex interventions, the use of RE methodology has great potential to progress and subsequently test theory. The use of theory driven approaches has been encouraged in medical education to improve the applicability of research and advance of the science of medical education (19). This review has been conducted in keeping with the RAMESES guidance; accordingly, efforts to maximise the transparency of the review process have been made (20, 21). Using supplementary files 4 and 7 readers can trace the source documents informing each of the CMOC presented. The external validity of the PT is enhanced by its alignment with substantive learning theories, the aims of steering committee statements and relevant seminal papers (5, 7, 10, 28). 
The completeness of the literature searching in this review represents a limitation of the work. Whilst RE does not require comprehensive literature searching, efforts were made in the initial search of the review to identify all MO educational interventions in medical curricula. However, due to the heterogeneity and breadth of the literature, interventions may have been missed despite searching of grey literature and meeting with experts in the field. This is particularly possible within interventions aimed at geriatric competencies which may have included elements of MO. Many of the source documents that support this review provide only brief descriptions of their interventions; accordingly, the inferences resulting may be flawed. We attempt to mitigate this risk with the number and breadth of source documents used and their use en-masse rather than singularly. 
Directions for future research
The PT in this review was developed from secondary analysis of published data with its associated limitations. It is our intention to refine our PT using primary data from research in the form of individual MO expert and group realist interviews and the design of interprofessional MO workshops. This process will provide progressively more granular empirical data to allow the refinement and/or refutation of the theories developed.
 The superficial nature of descriptions of educational interventions have stymied the theorizing of this and other realist reviews in medical education. The medical education community is increasingly recognizing the importance of conducting research using complex intervention approaches. We would encourage researchers to publish rich accounts of their work, with explicit attention to underpinning mechanisms, to aid subsequent enquiry using RE or other implementation science methodologies. Checklists developed within aligned research areas, such as Consensus Reporting Items for Studies in Primary Care (CRISP), may guide educators in this endeavor (80). With richer descriptions progress may be made in clarifying ‘what works, for whom, in what circumstances, how and why’ in many aspects of medical education science (19).   
Conclusions 
This realist review describes the MO educational interventions used in undergraduate medical programmes globally and via iterative searching synthesizes a PT proffering explanatory insight of generative causation in these interventions. The PT will be tested and refined through further studies. We use MO educational interventions as a case-study of a curricular theme in which the practical integration of the biomedical and interpretive perspectives on illness must be achieved to facilitate learning applicable to clinical practice. Insight gained as to the causation of outcomes in this setting may be applicable to a range of themes within medical education where such integration is fundamental. Educators designing, delivering and evaluating CPT themes or similarly integrated programmes may wish to consider the findings of this review to trouble-shoot problems and maximise educational effectiveness. Effective education integrating dissonant illness perspectives is required to equip graduating physicians with the knowledge, skills and attitudes required to provide the best care to an increasingly complex patient population.  
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