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Equity in medical devices: a socio-technical approach

Medical devices risk reinforcing societal inequalities unless we rethink how they are designed, developed and deployed, say Jonathan Ensor, Bobby Farnan and Steven Johnson. 

The UK government’s recent independent review on Equity in Medical Devices[endnoteRef:1] highlights how biases in the design and use of medical devices can lead to solutions that fail to equitably distribute benefits or can further exacerbate health inequalities. A notable example is optical devices, such as pulse oximeters. As the Independent Review points out, potential racial bias in performance and clinical impact have been reported emerging from differences in optical absorbance between light and dark-skinned individuals. Similarly, the review highlights increasing evidence of biases embedded within AI-enabled medical devices associated with a lack of diversity in the patient data used to train AI models. [1: ] 


The independent review rightly focuses on bias in relation to defined social categories, such as ethnicity and gender. While these moves are welcome, it remains important to recognise that wider social, cultural, political and economic factors shape the way medical devices are designed, developed and deployed, and how individuals can access or be excluded from the associated benefits. For example, in recent years the NHS has not only started to recognise the uneven healthcare geographies that sustain the lack of medical device access amongst socially deprived communities, but has also signalled the need to better appreciate the social inequalities reproduced by medical devices themselves.[endnoteRef:2] Taking this wider and deeper view suggests that the challenge of equity requires a rethinking of the innovation process, so that new medical devices better respond to longstanding societal biases and inequalities. This is ultimately a systemic problem, requiring changes in training, investment, regulation and commissioning. At the centre, however, is a question of whether we can expand the scope of technology development to consider the contextual constraints and opportunities faced by designers and users as an essential component of the technical challenge. This in turn requires us to reflect critically on enduring inequalities in knowledge, power and social influence and to ask, who is included in technology development, and on what terms? [2: 
] 


Equity: a technical and social problem

Failure to attend to patient diversity in clinical samples, statistical models and training datasets are not the only drivers of inequitable outcomes. While frequently overlooked, two further considerations are central to how medical technologies are experienced in practice (Figure 1). First, decisions made by scientists and engineers in the design, development and validation of medical devices are shaped by their social context and the underlying opportunities, incentives, training and experiences afforded to them. This in turn reinforces particular ways in which problems are understood, prioritised and resolved,[endnoteRef:3] and raises significant questions around how new technologies should be developed. We draw particular attention here to whose knowledge and experience is legitimised or excluded at different stages of the innovation process. Second, while these factors illustrate how socio-political context regulates the production of new technology, it is equally important to recognise the role of context during the deployment and use of medical devices. At deployment, technology interacts with the context and circumstances of patients such that the outcomes and benefits of a medical device are uniquely experienced by different individuals in different settings and at particular times.[endnoteRef:4] It is not enough to consider the innovation of medical devices as simply a technological challenge; innovation for equity is simultaneously technical and social.    [3: ]  [4: ] 


To illustrate the nuanced ways in which the outcomes of medical devices shape and are shaped by institutions and socio-political context, it is helpful to consider an exemplar technology. Continuous glucose monitoring (CGM) devices have been available through the NHS since 2014 and have been deployed at scale, with over 69% of people living with Type 1 diabetes (T1D) in England having been prescribed access to a Libre CGM device.[endnoteRef:5] To attend to this problem of equitable technology in healthcare, we have explored, from the patient perspective, the positive and negative dimensions of CGM devices. These perspectives were explored through a series of one-to-one interviews with a small cohort of consenting participants who currently use CGM devices to manage T1D. These conversations, and a growing peer reviewed literature,[endnoteRef:6],[endnoteRef:7],[endnoteRef:8],[endnoteRef:9],[endnoteRef:10] has helped to highlight how problems have emerged from the ways that technical interventions emerge from – and play out in – social contexts. [5: ]  [6: ]  [7: ]  [8: ]  [9: ]  [10: ] 


Problem 1: medical devices can undermine patient wellbeing. While CGM devices alleviate some of the uncertainties associated with diabetes management, patients report that the continuous monitoring and reporting of glucose levels, coupled with the associated responsibilities placed upon individuals, can contribute to unintended psychosocial effects. For clinicians and health policy makers, the high frequency, longitudinal data produced by CGM devices are viewed as essential for supporting self-management of T1D. These data, coupled with the decision support systems that are associated with CGM devices, help to inform diagnosis, treatment, and the prediction of future health complications. While T1D patients report the use of CGM devices as empowering, for example by precipitating insulin dosing, raising clinical alerts or promoting certain behaviour, patients often also perceive disciplining of their behaviour and habits. As a result, the repetitive use of CGM technologies emerges as an exacerbating factor in diabetes distress and burnout (a generalised state of anxiety in which patients become “overwhelmed by the relentlessness of diabetes”), which can often lead to depression and poor mental health outcomes.[endnoteRef:11] [11: ] 


Problem 2: medical devices can occlude patient expertise. Data-driven, self-management of T1D enabled by CGM devices has also had the unintended social consequence of diminishing clinician-patient relations. The standardised algorithms and protocols underpinning decision support systems reduces the space for the patient voice, reinforcing a sense among patients of an “expert and patient” binary. As one T1D patient noted, although the aim is for “us [patients] to become experts and proactive in dealing with our condition”, the clinical expertise that is privileged in CGM devices tends to under-value the highly individual experiences of people with diabetes, yielding representations of patients that are limited to clinical markers. As patients have explained to us, these representations are designed to serve “the needs of clinicians rather than our daily requirements”. Many patients we spoke to also expressed frustration over a deficit of social and clinical support in the use of CGM devices and interpretation of data. For example, one patient noted that, “they [doctors] are so pressed for time, they want information that’s digestible quickly – to know whether my levels are going up or down, not whether I’m managing to use my device effectively throughout the day”.  
 
Problem 3: medical devices will (usually) reflect political priorities. For the patients we have spoken to, the use of CGM devices has allowed T1D patients to view themselves as meaningful actors capable of helping to alleviate institutional and economic strains within the NHS. The self-identification of CGM users as agents of public good reflects and sustains the dominance of an economic and political agenda in national healthcare policy, embedded in narratives around “saving the NHS” and through which responsibilities are shifted from public providers to private citizens. This direct association between national policy, medical devices and personal identity illustrates how technologies are more than simply practical tools: the choices that have led to the design, deployment and acceptance of CGM devices reflect and reinforce the prevailing economic rationality, meaning that alternative ways of understanding, living with and managing a long-term condition like T1D, such as through the lens of solidarity or care, are implicitly deprioritised. The practical effect is that these alternative rationalities are neither fostered nor represented in patients’ experiences of using the technology.  

Innovating differently

These themes illustrate how the outcomes of medical devices that are experienced by patients are shaped by the institutional and socio-political environment, leading to the reproduction of particular norms, values, and biases that accrue at the individual, clinical/community and national scales. The outstanding challenge facing technology developers, commissioners and regulators is: how to innovate medical devices differently so that the benefits are distributed equitably? 

Addressing this question necessitates two fundamental changes to how we think about technology innovation (Figure 2). First, an approach to innovation that moves beyond a superficial engagement with patients and their circumstances. Technology development cannot be based only on the expertise of engineers or the knowledge of healthcare professionals, but rather needs to be co-designed with (rather than for) patients and carers.[endnoteRef:12] Understanding the priorities of patients, whether in terms of the support needed to understand and manage their condition, securing representation and acknowledgement of the complexity of their symptoms and context, or questioning the values that are embedded in the technologies they depend on, needs extended, carefully structured conversations with diverse patient groups. To be effective, this means placing greater value on the expertise and experiential knowledge of patients, while recognising the breadth and depth of clinical understanding. This requires methods for engaging with patients in ways that are multidimensional, surfacing and engaging with their different social, cultural, technical and health needs and experiences. Structured, qualitative engagement of this sort can reveal drivers of technology outcomes that are common across multiple individuals or within groups. Also required is a way of working that actively supports marginalised groups to represent themselves, anchored in an informed understanding of the power relationships between patients, technology developers and healthcare professionals, and the social, cultural and economic realities of different groups within and between these stakeholder communities. This understanding enables the development of engagement processes that disaggregate social groups, mediate between differences in knowledge and experience, and are sensitive to (for example) the times, locations, media, language and recompense that are appropriate for diverse participants. Of course, there will always be limits to engagement: no realistic process can seek to work with all patients as individuals. What remains important is that the terms of reference for patient recruitment and participation are set in relation to the context in which it is anticipated that the technology will be used (as described above), and that these limits are explicitly and transparently communicated to end users. [12: 
] 


Second, engineers and commissioners must recognise that the outcomes of medical technologies are not produced solely by the devices themselves – the nuts and bolts, algorithms, or reagents. How people interact with devices in the environments in which they live is equally important. Attention needs to be paid to how, for example, access to health professionals, or the cultural values associated with different social or religious groups, or the pressure of economic circumstances could alter whether and how medical devices are used and how benefits are distributed over time. It is insufficient to think of a medical device as an immutable ‘black box’ that will lead to the equitable distribution of benefits within communities and between different settings. Instead, it is necessary to consider how outcomes emerge from the combination of a material object and the rules, norms and practices associated with it. While devices may not change depending on context, the patient experience and clinical impact of their deployment will inevitably be defined by the particular combination of technical and social arrangements. 

We see evidence of this in techno-social solutions that are emerging from the collective action of T1D patients. In response to the perceived shortcomings of CGM technologies, patient groups have established peer-support networks which play a crucial role in helping them to better manage the use of CGM devices and to understand their condition, including the burnout or diminished well-being associated with T1D self-management. These platforms offer a valuable outlet for patients to disseminate, discuss and interpret health data in ways that they feel is generally unavailable in clinical settings. The patient-led data production fostered through these groups and networks has supported the representation of T1D patients as (in the words of one group member) “human beings rather than numbers or statistics”, acting as a forum for the sharing of personal experience and practical expertise. Rather than expecting institutions such as these platforms to emerge equitably and spontaneously across society, we suggest that the social arrangements that deliver, mediate and support the use of medical devices should be considered explicitly and deliberately as part of technology design.  

A socio-technical approach to technology co-design would enable us to ask, at the outset, how a given piece of hardware might manifest as a specific techno-social configuration that delivers equitable outcomes in a particular context. We suggest that this means: first, understanding the social complexity that defines the context in which patients live; second, designing a process of engagement with patients that responds to this context and enables equitable and meaningful participation in techno-social design; third, these patients and clinicians are supported to develop a shared understanding of the healthcare challenge; and finally, bringing technology developers together with patients, clinicians and wider stakeholders into the co-design of equitable solutions delivered through new technical and institutional arrangements. These four steps are indivisible and interdependent, yet, in our experience, are rarely systematically applied in technology development. While doing so requires the investment of time and money over and above business as usual, manufacturers and regulatory bodies must, in the words of the government’s own independent review, “keep in mind their socio-economic responsibilities to reduce inequalities of outcome which result from socio-economic disadvantage – and ensure that new medical devices do not exacerbate these already wide inequities.”1
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Figure Captions

Figure 1: Institutions and social context shape how medical devices are experienced by patients. Interactions with institutions and the wider social context mean that inequitable outcomes can emerge during both the development and deployment of medical devices. Here, institutions refer to the formal and informal rules and arrangements that shape human interaction, including those embedded in settings such as the market, healthcare systems, or socially regulated conventions and practices. For example, during the design phase, developer choices may be constrained by the requirements of funding bodies or professional development incentives, or influenced by their wider social networks and experiences or exposure to dominant political and economic discourse. At deployment, institutional arrangements will regulate (for example) device access and support, producing outcomes experienced by patients who themselves differ in terms of their context and background. These processes not only lead to the production of medical devices that may fail to address patient need, but are also consequential for both science and society (as illustrated by the vertical feedback arrows on the left and right side of the picture). For example, medical devices that fail to recognise ill-health in a particular social group may lead to group members losing trust in healthcare providers, driving future health inequalities. During technology development, similar feedback loops can perpetuate the ways in which medical device developers and research funders prioritise or overlook healthcare problems. 


Figure 2: Equitable socio-technical design. The development of equitable medical devices requires reframing of technology as linked, co-designed institutional and technical (socio-technical) solutions that are appropriate for diverse patient groups. Co-development engages patients, scientists, medical professionals, and wider stakeholders in a process that iterates between consideration of technical and institutional needs and requirements, and is designed to respond to inequitable power, experience and knowledge production practices embedded in the social and institutional context.



