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Abstract

The scholarship on responsible research and innovation (RRI) aims to align the processes and outcomes of innovation
with societal values by involving a broad range of stakeholders from a very early stage. Though this scholarship offers a
new lens to consider the challenges new health technologies raise for health systems around the world, there is a need
to define the dimensions that specifically characterise responsible innovation in health (RIH). The present article aims to
introduce an integrative RIH framework drawing on the RRI literature, the international literature on health systems as
well as specific bodies of knowledge that shed light on key dimensions of health innovations. Combining inductive and
deductive theory-building strategies and concomitant with the development of a formal tool to assess the responsibility
of innovations, we developed a framework that is comprised of nine dimensions organised within five value domains,
namely population health, health system, economic, organisational and environmental. RIH provides health and
innovation policy-makers with a common framework that supports the development of innovations that can tackle
significant system-level challenges, including sustainability and equity.
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Background
There is a steadily growing number of new technologies
being introduced in health systems (e.g. wearable devices,
robotics, genomics, artificial intelligence, 3D printing, mo-
bile applications, etc.) that raise complex policy challenges
“for all health stakeholders, including policy makers, regula-
tory authorities, payers, physicians and patients” [1]. Since
the current ways in which new health technologies are
being financed, developed and brought to market render
health systems increasingly inequitable and unsustainable,
it is imperative to develop an integrated policy framework
that reconciles the distinct goals of health and innovation
policies in order to better articulate the supply of
innovation to the demand of health systems [2].
With its critical and reflexive stance towards the purposes

and impacts of innovation, the scholarship on responsible
research and innovation (RRI) offers a relevant lens to

consider the equity and sustainability challenges that new
health technologies raise for health systems around the
world. This policy-oriented scholarship seeks to align
science and innovation processes and outcomes with
important societal values, needs and expectations [3]. Yet,
there is a need to flesh out the dimensions that are specific
to responsible innovation in health (RIH) and are neglected
within the more generic and largely decontextualised RRI
approach [4].
Henceforth, the aim of this paper is to introduce an inte-

grative RIH policy-oriented framework that is meant to
inform the work of public actors who influence the supply
of health innovations such as health research funding agen-
cies, public venture capitalists, technology transfer offices
and incubators. This framework was developed iteratively
by combining deductive and inductive theory-building
strategies [5]. Since our ultimate aim is to develop a formal
tool to assess the responsibility features characterising
innovations, we began by synthesising the key concepts
from the RRI literature that were applicable to health inno-
vations and the gaps and specificities a RIH framework
needed to address. This was achieved by drawing from
lessons learned in the international literature on health sys-
tems as well as specific bodies of knowledge that shed light
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on key dimensions of health innovations, ranging from
health technology assessment (HTA) to entrepreneurship.
This article is comprised of three sections. Below, we

summarise the concepts and principles of RRI and the gaps
RIH needs to bridge. We then present a RIH framework
that emphasises nine dimensions organised within five
value domains, namely population health, health system,
economic, organisational and environmental. Our discus-
sion explains why it is crucial to provide health and
innovation policy-makers with a common framework that
deliberately fosters the development of innovations that are
responsive to system-level challenges and support more
equitable and sustainable health services.

The emergence, concepts and principles of RRI
RRI has grown rapidly over the past decade and has
significantly influenced the European research policy land-
scape, especially through its integration within Horizon
2020, the European Union Framework Programme for
Research and Innovation for 2014–2020. Aiming to pro-
duce better science and take ‘real-world complexities’ into
account, RRI offers a broad set of principles and strategies
to enable academics and stakeholders to address the seven
“Grand Challenges” identified by the European Commu-
nity, ranging from “smart, green and integrated transport”
to “food, agriculture, forestry and water” (https://www.rri--
tools.eu/about-rri).
Whilst RRI may be considered as a relatively new line of

investigation, the social impact of science and technology
has been an area of scientific concern since the late 1940s.
Philosophers and sociologists of science and technology as
well as ethicists and experts in technology assessment
introduced a range of concepts and frameworks that have
been refined and extended over the years. In the early
1990s, with the emergence of genetics and genomics,
formal research programmes on their ethical, legal and
social issues were created. For example, the Ethical, Legal
and Social Implications (ELSI) programme was formally
established in the United Sates in 1990, whilst the acronym
ELSA, standing for Ethical, Legal and Social Aspects, was
introduced in the context of the 4th European Union
Framework Programme in 1994. During the same period,
academic programmes, journals and conferences in science
and technology studies were consolidated in Europe, North
America and Asia. Such scholarly endeavours, which have
been transformed into contemporary approaches, may thus
be seen as predecessors of RRI [6].
Nevertheless, the number of publications that explicitly

refer to RRI as well as the number of individuals associated
to the field have grown rapidly in recent years. A mapping
of the RRI landscape showed that, at the end of 2014, 536
persons affiliated to 246 organisations from 89 countries
were involved in RRI [7]. For Timmermans [7], the RRI dis-
course “really took off in 2009, when the number of persons

involved grew from 2 to 28 and has doubled almost every
year since”. During this period, several books [4, 8–11] and
235 articles dealing with the definitions and concepts of
RRI [12] were published and the Journal of Responsible
Innovation was launched by Tailor & Francis. Although it is
yet to be indexed, this journal published 129 articles
between 2014 and 2017 and its editors include RRI leaders.
Whilst the RRI scholarship encompasses various concep-

tualisations of RRI and emphasises slightly different
aspects, we extracted the key characteristics from the lit-
erature to clarify what RRI is, who should be involved and
when, what needs to be done, in what ways and to what
ends (Table 1). Following this, RRI may be summarised as
follows:

i. RRI is a process, an approach, an endeavour, a
meta-responsibility, an ideal or a project

ii. that should involve all actors interested in, or
affected by research and innovation (R&I) activities

iii. at an early stage and throughout the whole lifecycle
of R&I

iv. to anticipate, monitor and assess social, economic
and environmental impacts and implications of R&I
activities, reflect on the purposes, motivations,
assumptions, values, beliefs, uncertainties, risks and
dilemmas by engaging diverse stakeholders,
including civil society, to dialogue and deliberate,
and to react and respond to changing values and
circumstances

v. by working together and becoming mutually
responsive to each other in an open, inclusive,
deliberative and timely way

vi. in order to take the “effects and potential impacts
[of R&I] on environment and society” into account
[13], to “allow a proper embedding of scientific and
technological advances in society” [14, 15], to “solve
a set of moral problems” [16], to “create a society in
which R&I practices strive towards sustainability,
ethically acceptable, and socially desirable
outcomes” [17] and to “take care of the future” [18].

Whilst different emphases may easily coexist in the RRI
literature, one object of contention lies with the distinction
between a product approach and a process approach [19].
These approaches aim towards the same goal of producing
innovations that are responsible, but they propose different
ways to reach this goal. On the one hand, a product ap-
proach suggests that a normative RRI framework drawing
from a set of shared values and norms has to first be devel-
oped and then applied in order to define the characteristics
a given technology should possess (e.g. being ethically
acceptable, sustainable, socially desirable). On the other
hand, a process approach frames RRI as an on-going and
recursive process that follows a set of normative procedural
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criteria and is applied to design and develop technologies
in a responsible way. Typically, the RRI process require-
ments include (1) diversity and inclusion; (2) anticipation
and reflection; (3) openness and transparency; and (4)
responsiveness and adaptation to change [17]. Whilst a
large part of the RRI literature is process oriented, some
authors underscore the importance of examining both
product and process [15, 20]. As we will further develop in
the next section, a RIH framework should encompass
process and product, but it also needs to characterise the
organisation that is supposed to apply such processes to
design a product that will be brought to market. Otherwise,
such a framework would remain unable to grasp the
commercial underpinnings of innovation.
The RRI concept and its general applicability have been

criticised. Whilst some authors [14] point out that the RRI
definition most used by scholars and policy-makers [15] is
problematic because of its emphasis on ‘marketable prod-
ucts’ and its Eurocentric vision of society, others [21] chal-
lenge the concept of innovation presented in RRI literature,
which is overconcerned with technological innovation, pri-
marily perceived from an economic perspective as “inher-
ently good” and which “presupposes a symmetry between
moral agents and moral addressees”. According to Zwart
[6], who assessed the recent shift in the European research
funding arena, what differentiates RRI from its predecessor
(ELSA) are not the methods or proposed approaches, but
rather RRI’s focus on socioeconomic benefits of innovation
in order to ensure that “the EU economy remains inter-
nationally competitive and robust” whilst tackling import-
ant societal challenges. In addition, issues were raised
concerning the input (e.g. limited engagement of stake-
holders in innovation processes because of their conflicting
agendas and their differences concerning the content of
relevant societal challenges), the throughput (e.g. existing
asymmetry of power and information, challenging the
practice of mutual responsiveness and collaboration among
stakeholders) and the output (e.g. impossibility to antici-
pate all unintended consequences of an innovation) of RRI
processes [21].
Although many RRI publications emphasise the import-

ance of partnerships with industry and private companies
in order to achieve sustainability and ethical acceptability

Table 1 A summary of responsible research and innovation
(RRI) according to the literature

What RRI is - A process [10, 14–17]
- An approach [13, 67]
- An endeavour [68]
- A meta-responsibility [69]
- An ideal and a project [19]

Who should be involved - Societal actors and innovators [14, 15, 70]
- Scientists, innovators, business partners,
research funders and policy-makers [68]

- All stakeholders involved in research and
innovation (R&I) practice [17, 67]

- Funders, researchers, stakeholders and the
public [71]

- Large community of people [19]
- All parties [12]

When - Early stage of R&I processes [12, 13]
- Any stage of R&I processes [67]
- R&I processes as a whole [70]
- Throughout the entire innovation’s
lifecycle [10]

To do what - Anticipate risks and benefits, reflect on
prevailing conceptions, values and beliefs,
engage stakeholders and members of the
wider public, and respond to stakeholders,
public values and changing circumstances
[18]

- Describe and analyse potential impacts;
reflect on underlying purposes, motivations,
what is known and not known,
uncertainties, risks, assumptions, questions
and dilemmas; open these reflections to
broad collective deliberations and use this
collective process of reflexivity to set the
direction and influence subsequent
trajectory and pace of innovation [9]

- Shape, maintain, develop, coordinate, and
align existing and novel R&I-related
processes, actors and responsibilities [69]

- Monitor social, economic and
environmental performance impacts and
anticipate corrective actions [10]

- Integrate measures throughout the
innovation process [10]

- Assess the qualities of the innovation
process [72]

- Anticipate and discern how R&I can or may
benefit society [12]

- Anticipate and assess potential implications
and societal expectations with regard to
R&I [13]

In what ways - Working together [70]
- Becoming mutually responsive to each
other [14, 15, 17]

- Open, inclusive and in a timely fashion [71]

To what ends - Allow a proper embedding of scientific
and technological advances in society
[14, 15]

- Better align processes and outcomes with
the values, needs and expectations of
European society [70]

- Take care of the future [18]
- Ensure desirable and acceptable research
outcomes [69]

- Solve a set of moral problems [16]
- Create a society in which R&I practices
strive towards sustainability, ethically
acceptable and socially desirable

Table 1 A summary of responsible research and innovation
(RRI) according to the literature (Continued)

outcomes [17]
- Protect the environment and consider
impacts on social and economic
dimensions [10]

- Take potential impacts on environment
and society into account [13]

- Promote creativity and opportunities for
science and innovation that are socially
desirable and undertaken in the public
interest [71]
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of research and innovation outcomes, the level of interest
manifested by the business community is low. According
to Timmermans [7], only 10% of the persons involved in
RRI were affiliated to businesses. Likewise, approximately
8% of the participants attending an important RRI confer-
ence held in Brussels, Belgium, in January 2016, came from
industry [22]. Suggested explanations for entrepreneurs’
lack of involvement are related to the following aspects: (1)
RRI lacks definition and clarity due to the variety of similar
concepts and approaches (e.g. social innovation, sustainable
innovation, open innovation) [23, 24]; (2) RRI emphasises
science and technological development and fails to address
important stages of the innovation lifecycle (e.g. commer-
cialisation) [23]; (3) the RRI concept has been implemented
mainly in the context of publicly funded research, with lit-
tle effort to adapt and operationalise it for the business
context [24]; and (4) business and industry are mainly seen
as areas of application instead of partners in RRI projects
[7]. As a result, it is not entirely surprising that current
discussions on RRI may not capture the attention of the
business community. A limited opportunity for dialogue
and a lack of mutual interest may partly explain why finan-
cial and commercial dynamics are poorly developed in the
RRI literature (exceptions worth mentioning include the
contributions of Pavie et al. [10], Hin et al. [25] and Iatridis
and Schroeder [26]). This is highly problematic considering
that the development of new technologies often calls for
massive capital investments and their production requires
the expertise, skills and know-how of individuals operating
within industry.
To summarise, despite important criticisms, the shared

principles that RRI seeks to follow are to (1) address soci-
etal needs and challenges; (2) engage a range of stake-
holders with the aim of improving decision-making and
mutual learning; (3) anticipate potential problems, assess
available alternatives and reflect on underlying values, as-
sumptions and beliefs; and (4) provide guidance on ways to
act in accordance with the previous principles [27]. Whilst
these core principles draw on the bodies of knowledge and
experiences of other existing frameworks and approaches
developed in the context of research and innovation, what
would be specific to RRI is the emphasis on what society
morally desires to achieve, on the socioeconomics benefits
of innovation and on a closer collaboration with industry.
These principles provide important foundations for a RIH
framework that needs to address existing gaps in the RRI
scholarship. Such a framework has to include the organisa-
tions (ranging from for-profit to not-for-profit enterprises)
one has to consider when examining the processes and
products of RIH as well as the entrepreneurial dynamics
shaping the development, production and commercialisa-
tion of health technologies. A RIH framework should also
strive to be applicable beyond industrialised countries since
RRI “has a global outreach” in its intentions and aims [7].

An integrative RIH framework
Defining what is RIH
To define the scope and specificities of our RIH frame-
work, we applied an iterative approach wherein deductive
and inductive analytical strategies alternated. Since one of
our research team’s objectives was to develop a formal
RIH assessment tool, we sought to build on key concepts
from the literature, but we also explored whether these
concepts meaningfully captured a range of empirical
characteristics. Specifically, we generated a preliminary list
of dimensions by drawing from the international health
systems literature and bodies of knowledge that are
particularly relevant to RIH. These included scholarships
that are specific to health (e.g. HTA, ELSIs, determinants
of health, health economics, health services research, etc.)
and others that are specific to technology-based entrepre-
neurship (e.g. start-ups, incubators, business models,
frugal or ‘bottom of the pyramid’ innovation, etc.).
Using a preliminary set of criteria such as innovativeness,

health relevance and subsidiarity, we created an inventory
of health innovations that could potentially qualify as re-
sponsible by performing a structured social media-based
horizon scan supplemented with searches of specialised
directories and websites. This exercise generated approxi-
mately 100 empirical examples that were extremely useful
to circumscribe what RIH may entail in practice. Whilst
results of this exercise are described in detail elsewhere
(under review), we provide below a brief description of
three innovations of our inventory to illustrate some of the
principles and dimensions underscored by these examples.
The first innovation is a menstrual cup developed by a

social enterprise and distributed free of charge to young
women in developing countries through strategic part-
nerships with local organisations and a ‘buy one, give
one’ model. Although its initial cost is higher than that
of traditional alternatives, the menstrual cup can be used
for up to 10 years, making it a much more affordable
option in the long run (95% cheaper), as well as more
ecological, since a woman uses up to 12,000 disposable
sanitary products throughout her reproductive life. The
second innovation refers to 3D-printed prostheses cre-
ated and printed by a global community of volunteers
for those in need of upper limb assistive devices (hands
and arms). These prostheses are mechanical, customis-
able, easy to assemble, printed free of charge from any-
where in the world and delivered directly to the user.
Their designs are open-source and shared on a website
dedicated to the sharing of digital design files created by
its users – more than 100 models are currently available
at no cost. The third innovation is a portable nebuliser
which is manually activated by a healthcare worker or
caregiver and does not use batteries or any other exter-
nal source of energy. It is easy to use, and its perform-
ance is equivalent to that of an electric-powered
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nebuliser. Although it is not yet available on the market,
the projected price of the innovation is less than half of
that of an electric nebuliser, whilst the cost of operation
and maintenance is estimated to be low.
These examples allowed us to think about the value

domains that resonate with different types of health in-
novations and to better understand the scope of dimen-
sions that a RIH should have, such as the promotion of
health equity, frugality and eco-responsibility. They also
confirmed the importance of appraising the responsibil-
ity of a given innovation within the context where its
users are located. For instance, the menstrual cup may
favour social insertion of women who live in regions of
the world where access to safe, effective sanitary prod-
ucts is a major challenge due to their cost or unavailabil-
ity, which leads to social stigma and school/work
absenteeism; 3D printable, open-source prostheses may
benefit children who cannot afford traditional prostheses
and need to perform simple tasks such as holding a ball,
pressing buttons and turning pages; and the human
powered nebuliser may be a proper solution for people
who live in remote communities where respiratory
health problems (e.g. tuberculosis, chronic obstructive
pulmonary disease, asthma and lower respiratory tract
infections) are prevalent and access to electricity is lim-
ited or non-existent.
In short, the inventory of potential examples of RIH

enabled our team to gradually consolidate the frame-
work that is presented below. It also contributed to
the further development of the RIH Assessment Tool,
which aims to identify whether an innovation may
potentially qualify as a RIH and, if so, to assess its
responsibility features. In order to evaluate and reach
a consensus on the constructs of this Tool (screening
criteria, assessment attributes and rating system), we
conducted an international Delphi study in 2017 by
consulting with experts with complementary perspec-
tives on health innovation – RRI scholars, biomedical
engineers, bioethicists and HTA experts. The findings
of this study have been summarised and submitted
for publication (under review) and were extremely
helpful to revise and validate the value domains and
dimensions of the framework.
Drawing on the RRI core principles presented earlier

and the iterative approach summarised above, we define
RIH as follows:

RIH consists of a collaborative endeavour wherein
stakeholders are committed to clarify and meet a set
of ethical, economic, social and environmental
principles, values and requirements when they design,
finance, produce, distribute, use and discard
sociotechnical solutions to address the needs and
challenges of health systems in a sustainable way.

RIH is thus defined as an ambitious and sustained ef-
fort that requires collaboration among many diverse
stakeholder groups (e.g. investors, technology devel-
opers, providers, managers and users of health services,
regulators, policy-makers, etc.). Collaboration among
these groups is certainly fraught with tensions because
dominant settings of research, production and sale are
not necessarily aligned with all of the many settings of
adoption, adaptation and use of health innovations.
Nevertheless, collaboration is essential not only from a
normative procedural standpoint, but also because the
development of innovations must tap into the comple-
mentary (and at times conflicting) expertise, know-how
and experience these stakeholders possess as they handle
different aspects of health innovations (e.g. financing,
design, production, regulation, reimbursement, use, etc.).
The term ‘sociotechnical solutions’ emphasises the no-

tion that the use of a technology, either as simple as a
scalpel or as complex as a surgical suite, requires the com-
bined action of an array of individuals and technical com-
ponents. This term calls our attention to solutions that go
beyond what is usually understood as health technologies
(e.g. medical devices, drugs, vaccines, medical procedures
or information systems) and that address the various fac-
tors that determine health across one’s life course (e.g.
education, employment, physical environment, etc.).
The ‘principles, values and requirements’ of RIH are

considered throughout an innovation’s ‘lifecycle’ (i.e.
from the choice of materials to be used to end-of-life
disposal), thereby encompassing its characteristics, the
processes by which it is being produced, the organisation
that develops it as well as the suppliers and distributors
that are needed to produce and make it available to end
users. As a result, RIH moves beyond a silo approach to
more comprehensively support the governance of health
innovations across multiple sectors and policy domains.

The value domains and dimensions of RIH
One important premise of our framework is that a given
innovation would be deemed irresponsible – and thus
excluded from further consideration – if it were not
proven effective and safe and if the organisation bringing
it to market were engaged in corporate social irresponsi-
bility, which includes behaviours and corporate actions
that are illegal, unsustainable or unethical, leading to
negative consequences for individuals and ecosystems
[28]. As pointed out by Jones et al. [29], some positions
adopted by irresponsible organisations concerning cor-
porate issues and the ways they relate to wider society
include, but are not limited to, little precaution on envir-
onmental degradation and pollution, unfair treatment of
suppliers and customers, and development and launch of
new technologies regardless of the harm they may cause.
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Table 2 presents the five value domains of the RIH
framework which comprise of a total of nine dimensions.
The first domain, ‘population health value’, suggests that,
although innovation that provides individual health bene-
fits is valuable, RIH should increase our ability to attend
to collective needs whilst tackling health inequalities [30].
The second domain, ‘health system value’, draws attention
to the extent to which an innovation provides an appro-
priate response to contemporary challenges of health sys-
tems [31]. Third, the ‘economic value’ domain, proposes
that RIH must deliver both high-performing products as
well as affordable ones in order to support equity and sus-
tainability [10, 32]. Fourth, the ‘organisational value’ do-
main underscores the business strategies through which
an enterprise provides value to users, purchasers and soci-
ety [33]. Finally, the ‘environmental value’ domain high-
lights the need to reduce, as much as possible, the
negative environmental impacts of health innovations
throughout their entire lifecycle [34, 35]. These value do-
mains and dimensions provide health and innovation
policy-makers with key elements that may foster the de-
velopment of innovations responsive to system-level chal-
lenges and that support more equitable and sustainable
health services. In the following paragraphs, we clarify the
nature and importance of each dimension that integrates
the RIH framework we propose.
The population health value domain is comprised of

three dimensions (Table 2). The ‘health relevance’ dimen-
sion seeks to ascertain the importance of the health needs
addressed by an innovation within the overall burden of

disease, considering the risk factors and causes of morbid-
ity and mortality that are specific to the region where the
intended users are located. For example, some types of
cancer, such as bladder, kidney or prostate cancer, consti-
tute an important burden of mortality and morbidity in
high-income countries, whereas certain infectious diseases
(e.g. HIV/AIDS, meningitis, tuberculosis) represent an im-
portant burden in developing nations [36]. Since many
new technologies tend to provide incremental benefits
when compared to existing alternatives, one delicate issue
when reflecting on the level of responsibility of an
innovation consists of attributing value to its purpose.
Because companies and investors are often reluctant to
engage in research and development efforts when the pu-
tative markets are small or less affluent [37], innovations
that address life-threatening or chronically debilitating
rare diseases as well as neglected tropical diseases may
provide responsible actions to respond to health needs
that would not otherwise be met. This first dimension is
thus specific to RIH and brings to the fore a collective
responsibility toward health needs.
Acknowledging that “health care is a moral endeavour”

and that “the vast potential of technology poses complex
moral challenges” [38], the second dimension draws atten-
tion to the ELSIs that underlie the development, distribu-
tion and use of health technologies. Although such issues
cannot be entirely identified in advance, RIH calls for a
careful examination of mitigation strategies that are needed
according to the context of use. For instance, an assistive
device may exacerbate social stigma associated with disabil-
ity in certain cultural groups or the default options of a
monitoring device may not respect one’s individual right to
privacy. The “social shaping of technology” perspective sug-
gests that the degree of responsibility of an innovation is in-
fluenced, implicitly and explicitly, by multiple values as the
“technologies and the actors that develop and implement
them are inherently value-laden” [39]. Accordingly, one
would wish to define, at an early stage, the values embed-
ded in innovations that, for instance, build on artificial
intelligence such as wearable devices, robotics or mobile
applications, in order to identify the mitigation means they
require. This second dimension thus adheres to the RRI
principle according to which ELSIs have to be reflexively
anticipated, thereby extending the scope of the ethical
analyses currently performed in HTA [40].
The third dimension emphasises the importance of

‘health equity’, which is aligned with concerns about the
varying “capability to achieve good health” among differ-
ent social groups and recognises that the achievement of
health is embedded in “broader issues of social justice
and overall equity” [41]. Current evidence indicates a
strong correlation between healthcare disparities, mea-
sured in terms of accessibility, continuity and compre-
hensiveness of care, and vulnerability factors, such as

Table 2 The value domains and dimensions of responsible
innovation in health

Value domain Dimension

Population health Health relevance: Does the innovation address a
relevant health problem?
Ethical, legal and social issues: Was the innovation
developed by seeking to mitigate its ethical, legal
or social issues?
Health equity: In what ways does the innovation
promote health equity?

Health system Inclusiveness: Were the innovation development
processes inclusive?
Responsiveness: Does the innovation provide a
dynamic solution to a health system need or
challenge?
Level of care: Is the level of care required by the
innovation compatible with health system
sustainability?

Economic Frugality: Does the innovation deliver greater value
to more people using fewer resources?

Organisational Business model: Does the organisation that produces
the innovation seek to provide more value to
users, purchasers and society?

Environmental Eco-responsibility: Does the innovation limit its
negative environmental impacts throughout its
lifecycle as much possible?
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poverty, ethnic minorities, incarceration, immigration
status and underserved areas [42]. In addition to these
factors, vulnerability may also be generated or exacer-
bated by (1) health technologies that are used to legitim-
ise discrimination and social inequalities, as illustrated
by the built-in racial bias of the spirometer against black
people [43], (2) new forms of healthcare that are simul-
taneously innovative forms of clinical research (e.g. pre-
cision medicine), which increase the number of complex
decisions that have to be made by patients and their
healthcare providers [44], and (3) healthcare delivery
models in which access to services is based on ability to
pay rather than equity, imposing financial barriers and
contributing to significant and damaging financial loss
[45]. From this perspective, an innovation may be seen
as responsible if it explicitly addresses the needs of
groups who are considered vulnerable “based on the
ways in which they are marginalised, socially excluded,
have limited opportunities and income, and suffer abuse,
hardship, prejudice and discrimination” [46]. Such vul-
nerable groups include, but are not limited to, subsist-
ence farmers, long-term unemployed, informally
employed and seasonal/daily workers; people living in
deprived urban and rural areas, in poverty and homeless;
people with disabilities and mental illnesses; ethnic mi-
nority groups, asylum seekers and refugees; single par-
ents, older people and children [46, 47]. The degree of
responsibility of an innovation may thus be pondered by
examining whether the ability to benefit from it varies
according to one’s socioeconomic status, social position
or capabilities. This dimension is thus grounded in the
health literature and underscores that innovations seek-
ing to benefit population health should also strive to
promote health equity.
As Table 2 indicates, the ‘health system value’ domain is

comprised of three dimensions, starting with a dimension
that examines the degree to which innovation processes
and outcomes are ‘inclusive’. For Klaassen et al. [17], open-
ing up science and innovation practices to multiple societal
actors is important for “democratic reasons and also to
broaden and diversify the sources of expertise and perspec-
tives”. To achieve inclusiveness in RIH, one must firstly
clarify the particular set of individuals and institutions that
should contribute to the design, development and pilot
stages of an innovation (e.g. health and social care practi-
tioners and managers, patients and informal caregivers,
community and civil society representatives, etc.). Secondly,
it is important to define what modalities of engagement
should be deployed to capture their expectations, needs
and interests, to assess the value and importance of these
claims and to handle them in an open way. In other words,
RIH should rely on the engagement of a well justified set of
stakeholders and the ways in which their inputs will or will
not be integrated into the innovation should be clear and

explicit. Therefore, this dimension is both process- and
product-oriented and draws on a RRI principle which stipu-
lates that, even though stakeholder engagement may differ
from one type of innovation to another, the processes and
outcomes should be held accountable [12].
Responsiveness, an important RRI principle, recognises

that unforeseen consequences may result from innovations
and that the context in which they are disseminated may
shift in unexpected ways. This principle requires the ability
“to develop an answer [response] and react [respond] to ex-
ternal developments caused either by other actors or the
natural environment” [48]. Within the RIH health system
value domain, the ‘responsiveness’ dimension brings to the
fore the value of providing flexible and opportune solutions
to existing and emerging system-level challenges. Accord-
ing to a scoping review of the international peer-reviewed
literature on health systems, approximately two-thirds of
the challenges documented by scholars were related to
health service delivery (e.g. access, vertical integration, re-
ferral systems), human resources (e.g. staff availability, com-
petency and distribution), and leadership and governance
(e.g. strategic policies, horizontal coordination) [31]. This
suggests that, although the nature and importance of health
system challenges vary across countries, responsible inno-
vations should carefully consider their contribution to, and
impact on service delivery, human resources and govern-
ance. This dimension thus adapts a RRI principle to the
systemic context in which health innovations are deployed,
keeping in mind the importance of addressing health
system needs and challenges in a sustainable way.
The ‘level of care’ dimension seeks to ascertain the

extent to which the innovation is compatible with health
system equity and sustainability. As MacDonnell and
Darzi [49] suggest, innovations that reduce the labour
intensity of care should be encouraged to better manage
health spending growth. Following the principle of
subsidiarity, the most decentralised unit in the health
system (e.g. primary care, non-clinical settings) should be
mobilised to provide care when it is possible to do so
effectively and safely. By increasing the capacity of general
practitioners and community health and social care
providers to locally attend to their patients’ needs, respon-
sible innovations may reduce geographical access barriers
that are characteristic of rural and remote areas. Similarly,
innovations that are aligned with patients’ capacity for
self-care may offer responsible solutions if high-quality
outcomes are achieved. This dimension is thus anchored
in health services research and invites a careful consider-
ation of the requirements in terms of infrastructure and
specialisation of new technologies.
Within the economic value domain, the ‘frugality’ dimen-

sion emphasises the importance of providing more value to
more people using fewer resources [50]. According to Tran
and Ravaud [51], frugal innovations in health may result
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from (1) simplification of existing techniques or technolo-
gies (e.g. low-cost bubble continuous positive airway pres-
sure, portable electrocardiogram machine); (2) use of
modern technologies to tackle ‘old problems’ (e.g. SMS to
improve adherence to antiretroviral therapy, 3D printed
prostheses); (3) diversion of existing tools for completely
different purposes (e.g. solar-powered autoclave, paper clips
in surgery); and (4) use of low-tech approaches to solve
local unmet needs (e.g. Kangaroo care for preterm infants,
solar disinfection of water). Whilst frugal innovation is con-
sidered to be the outcome of low-resource settings, where
traditional solutions are too expensive, not available or im-
possible to use with existing resources, the concept of fru-
gality may also be applied to design and develop low-cost,
high-quality technologies. Examples of such technologies
are provided by Williams [52], who studied how a
non-profit ophthalmic consumables and equipment manu-
facturing company in India was able to successfully design
and develop intraocular lenses and ophthalmic drugs to
treat non-communicable eye diseases (cataract, glaucoma,
age-related macular degeneration, diabetic retinopathy) for
marginalised people. In fact, frugality may address RIH
process, product and organisational concerns in conjunc-
tion by seeking to substantially reduce the cost of an
innovation through focusing on the core functionalities its
users require and optimising its performance level (i.e.
quality, robustness, accuracy, durability) in view of the
intended purpose and context of use [53]. Frugality may
thus support RIH by increasing affordability because of
optimised innovation production processes and/or lower
maintenance needs; usability, which enables reaching out
to patients who would not otherwise benefit from the
innovation, including remote or resource-poor settings; and
fit between the innovation’s performance and its context of
use. This dimension is informed by the health economics
literature on the pressures new technologies exert on the
growth of health expenditures [32, 54], but it goes beyond
the provision of affordable health interventions.
Within the organisational value domain, the ‘business

model’ dimension, which focuses on “the rationale of how
an organisation creates, delivers, and captures value” [55],
acknowledges the tension between value capture (i.e. eco-
nomic returns) and value creation (i.e. provision of a
high-quality product). This tension increases when the per-
formance of the organisation is measured exclusively in
economic terms. Research shows that the business models
currently established in the medical device industry,
coupled with the rapid growth and high return logic of
venture capital, tend to generate technologies that health
systems can no longer afford and whose added value may
remain marginal from a clinical or population health stand-
point [33]. Whilst philanthropic organisations may be able
to contribute to RIH, their economic sustainability remains
challenging [56]. This is why hybrid organisations such as

social purpose businesses, cooperatives and enterprising
non-profits that rely on alternative, economically viable
business models may better support RIH. For Haigh and
Hoffman [57], hybrid organisations differ from traditional
businesses in that they adopt explicit goals to foster social
and/or environmental change, maintain sustainable and
mutually beneficial relationships with suppliers, employees
and customers, and interact with competitors and other
institutions with the goal of benefitting society as a whole.
Whilst traditional commercial enterprises may contribute
to economic development and offer valuable innovations,
organisations that adopt alternative business models are in
a position to provide more value to consumers, users and
society. The Aravind Eye Hospital, an ophthalmic institu-
tion that provides a large proportion of its services (diag-
nostic examination, ophthalmic surgery and postoperative
care) to low-income people in southern India, is a
well-known example of a healthcare organisation that
adopts an alternative, economically viable business model
to deliver high-quality, low cost ophthalmological care to
those who have little or no access to major eye care facil-
ities due to geographical and financial barriers [58, 59].
Hence, this dimension draws on the social entrepreneur-
ship scholarship and bridges a gap in the RRI literature.
Finally, within the environmental value domain, the

‘eco-responsibility’ dimension acknowledges the import-
ance of healthcare’s carbon footprint and emphasises the
environmental impacts of health innovations throughout
their lifecycle [35]. Activities inside and around hospitals
tend to consume a lot of energy and raw resources and to
produce a range of hazardous materials that may be
dangerous, infectious, toxic or radioactive. For instance,
activities that have negative environmental impacts include
discarded materials and equipment, expired or unused
pharmaceutical products, drugs and vaccines, and chemi-
cals generated through disinfecting procedures or cleaning
processes. The negative impacts on human health of
hazardous material (10–25% of healthcare waste) are
numerous, including infectious diseases due to exposure to
contaminated waste, intoxication, injuries and poisoning
caused by chemical and pharmaceutical waste, and health
problems attributable to genotoxic and radioactive waste
[60]. Efforts to reduce current negative environmental im-
pacts of health-related activities may thus prove responsible
as would the development of ‘green’ technologies [61]. For
instance, a new product may be designed so as to be free of
substances such as latex, heavy metals or chemicals that are
of major public health concern or harmful and toxic to eco-
systems. It can be made of recycled or renewable content
materials and be designed to be easily recycled, reused,
remanufactured, composted or biologically degraded when
it reaches its end of life. Compliance with environmental
regulations and green certifications as well as efficient en-
ergy consumption during its production and/or utilisation
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may also reflect environmental responsibility. Hence, this
dimension draws on a RRI principle and is aligned with a
planetary health research priority [62].

Discussion
Contribution to health innovation policy
Building on core RRI principles whilst seeking to ad-
dress problematic gaps, we introduced a RIH frame-
work that adopts a global perspective on health
systems, adds ‘organisation’ to the process and product
components of innovation, and formally acknowledges
what the entrepreneurial endeavour of innovation in
health embodies. Figure 1 summarises the nine dimen-
sions of this integrative framework.
We believe that this framework can inform the work of

public institutions that directly influence the supply of
health innovations, such as health research funding agen-
cies, public venture capitalists, technology transfer offices
and incubators, as well as health policy-makers who influ-
ence the demand (e.g. through procurement policies,
coverage and reimbursement decisions, HTA pro-
grammes, etc.). Firstly, it brings to the fore the equity and

sustainability challenges that are raised around the world
by new health technologies and articulates an integrated
set of issues that have to be considered throughout health
innovation development processes in order to find solu-
tions that benefit health systems in a responsible way.
Whilst responsibility is not a new notion in the health sec-
tor, it has been formalised through ethical codes of con-
duct for healthcare providers and market access
regulations regarding the safety and effectiveness of new
medical devices and drugs, which come into play in the
context of adoption and use, that is, when these innova-
tions can hardly be modified [63]. None of these formal
mechanisms provide guidance on ways to develop innova-
tions of greater societal value in terms of health system
sustainability and equity. Hence, our framework provides
a holistic, yet detailed set of dimensions through which
both health and innovation policy-makers can apprehend
the context of creation of RIH.
Secondly, the RIH framework responds to the crucial

need to provide health and innovation policy-makers
with a common framework that deliberately supports the
development of innovations that are responsive to

Fig. 1 Responsible innovation in health framework
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system-level challenges and can improve the overall gov-
ernance of health innovations within health systems.
Whilst cost-effectiveness and budget impact analyses,
which are typically performed once an innovation is fully
developed and ready to hit the market, may inform reim-
bursement decisions by comparing its costs and conse-
quences to other interventions, many high-cost and
poorly performant technologies continue to be developed
by manufacturers and adopted in healthcare practice, pla-
cing financial pressure on governments, employers and
patients [1, 31]. Our framework includes an economic
value domain but adopts a system-level perspective that
focuses the attention on what the impacts of a given
health innovation may look like ‘upstream’, that is before
investors and entrepreneurs commit themselves to the
development of a particular solution. Whilst we agree
that stakeholder involvement in innovation processes
does not necessarily guarantee responsible outputs [21],
several shortcomings and sources of failure can be antici-
pated before it gets too late to realign an innovative
trajectory, an issue that matters to investors and entre-
preneurs as well. In other words, the RIH framework en-
ables multiple stakeholders to engage into productive
discussions at an early stage.

Strengths and limitations of the framework
Whilst the domains and dimensions of our RIH framework
were developed by drawing from several bodies of know-
ledge, its key limitations should be highlighted. First, we
cannot ignore the criticism directed at RRI [6, 14, 21]. As
stressed by Blok and Lemmens [21], whilst RRI
“presupposes symmetry between moral agents and moral
addressees”, in practice, conflicting agendas, different
understandings of what important societal challenges are,
and asymmetries of power and information constrain
stakeholder engagement, thereby undermining the mutual
responsiveness that RRI calls for. This criticism is sound
and partly explains why we developed the business model
dimension – innovations cannot be understood without
paying attention to their commercial underpinnings, which
indeed affect stakeholders’ perspectives, motivations and
contributions. Our RIH framework supports an open, crit-
ical reflection on the ramifications of these asymmetries.
Eventually, by generating evidence on process–product–or-
ganisation configurations that perform poorly in the five
value domains of our framework, researchers will be able to
define more clearly when and how private organisations fail
to provide solutions that are responsive to the needs and
challenges of health systems.
One may question why the framework is comprised of

these five value domains and not others. For instance, gen-
der is an important issue in the RRI scholarship and could
have been integrated as a distinct dimension. We rather

believe that gender should be addressed across several value
domains since it is relevant to many dimensions. For in-
stance, gendered assumptions may affect how vulnerable
groups’ needs are defined and prioritised (health equity),
the expected social roles underlying informal caregiving
(ELSIs) and who is considered a relevant contributor to
innovation development processes (inclusiveness). The
same reasoning applies to other important aspects that are
used to discriminate social groups, such as ethnicity and
socioeconomic status. Consequently, to strike a balance
between parsimony and specificity, we limited the number
of value domains, but formulated dimensions that can ac-
count for a broad range of responsibility issues. In addition
to this flexibility, the notion that responsibility is intimately
linked to the context of use should be kept in mind when
applying the framework.
Finally, a perplexing limitation lies with the application of

RRI principles to other contexts, particularly developing
nations. For Macnaghten et al. [64], RRI runs the risk of
“intellectual neo-colonisation” if its application to the devel-
oping world reproduces or reinforces problematic relations.
They thus suggest finding appropriate ways to engage RRI
in local contexts, cultures and practices, and support a
dialogue with actors and institutions in the global South.
Similarly, Vasen [65] highlights the problem of uncritically
transferring Western conceptual frameworks to countries
where available resources are limited, and R&I activities are
seen as means to achieve higher socioeconomic develop-
ment. Focusing his analysis on Latin America, he argues
that RRI should encompass issues pertaining to mature
technologies, adopt a critical perspective that acknowledges
the globalisation of the economy, and flesh out theoretical
linkages between RRI and social inclusion, inequality and
social justice. Although our RIH framework may not be
straightforwardly adapted to certain countries, it was devel-
oped having in mind regions where established technolo-
gies are too expensive, not available or impossible to use
with existing resources, as well as examples of sociotechni-
cal solutions that highlight the importance of the health
relevance, health equity and frugality dimensions. In doing
so, it can contribute to the adoption of more appropriate
models of technoscientific development [66] and the emer-
gence of technologies that address structural inequalities
“by meeting the needs or wants of unknown and known
non-users by intervening in multiple stages of the technol-
ogy’s lifecycle” [52].

Conclusions
The concept of RIH sheds light on ways to design, fi-
nance, produce, distribute and use innovations of greater
societal value. It refers to innovations that increase our
ability to attend to collective needs whilst tackling health
inequalities, provide an appropriate response to contempor-
ary challenges of health systems, deliver high-performing
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and affordable products, are aligned with business strategies
through which an enterprise provides more value to users,
purchasers and society, and reduce as much as possible the
negative environmental impacts of health innovations
throughout their entire lifecycle.
Whilst the integrative RIH policy-oriented framework

we presented may certainly benefit from further refine-
ments, it provides an integrated set of dimensions
through which health and innovation policy-makers can
envision what types of innovations health systems need
and how they should be produced and brought to mar-
ket in order to support equitable and sustainable health
systems around the world.
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