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Objective—To discuss interdisciplinary research and education in the context of informatics and
medicine by commenting on the paper of Kuhn et al. “Informatics and Medicine: From Molecules
to Populations”.
Method—Inviting an international group of experts in biomedical and health informatics and
related disciplines to comment on this paper.
Results and Conclusions—The commentaries include a wide range of reasoned arguments
and original position statements which, while strongly endorsing the educational needs identified
by Kuhn et al., also point out fundamental challenges that are very specific to the unusual
combination of scientific, technological, personal and social problems characterizing biomedical
informatics. They point to the ultimate objectives of managing difficult human health problems,
which are unlikely to yield to technological solutions alone. The psychological, societal, and
environmental components of health and disease are emphasized by several of the commentators,
setting the stage for further debate and constructive suggestions.
Keywords
Medical informatics; biomedical informatics; health informatics; interdisciplinarity
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With these comments on the paper “Informatics and Medicine: From Molecules to
Populations”, written by Prof. Klaus Kuhn and others [1], Methods of Information in
Medicine wants to stimulate an urgently needed broad discussion for further
interdisciplinary research and education of informatics and medicine, and beyond. An
international group of experts in biomedical and health informatics and related disciplines
have been invited by the editor of Methods to comment on this paper. Each of the invited
commentaries forms one section of this paper.

1. Informatics for the “Networked” Generation (by Russ B. Altman)
The paper by Kuhn et al. [1] offers an exciting and comprehensive vision of how informatics
can be a unifying force for integrative research in biology and medicine. They make a
convincing case that the physical spectrum from atoms and molecules to populations and
global health has a parallel “informatics spectrum” from bioinformatics to public health
informatics. What can be added to their comprehensive and convincing analysis? I would
like to stress one important emerging phenomenon: the empowered, independent, and
thoroughly “networked” consumer.
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Modern youth have access to technology that arguably makes their intellectual, social and
economic development radically different from not only their parents, but from any
generation of humans that have yet lived. Young adults have grown up in a world with
routine access to information around the globe via the internet (news sites, blogs, wikis, chat
rooms, social networking sites, and more). They have and expect rapid access to volumes of
information that could hardly be imagined 25 years ago. They manage this information with
novel strategies that emerge by necessity: some use fairly static trusted sources (in the form
of blog sites, wikipedia or even traditional news agencies) to aggregate information and
distill it to something more consumable. Others have increased their communication
bandwidth through apparently constant, uninterrupted use of e-mail, instant messaging, and
text messaging to create multiplexed conversations that allow them to “sense” their
environment and make decisions about how to respond. Of course, most use combinations of
these strategies. The revolutionary nature of these changes is clear to anyone who speaks to
a young person: “Why do we even have libraries? What are newspapers for? Why would I
use e-mail when I can `text'? Why should I pay for music?”
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What does this have to do with biology and medicine?I think we are already seeing changes
in the fabrics of both disciplines that we can attribute to these trends. In science, there is
great interest among young scientists in open access publications, open source software, and
open data sharing. The traditional silos that provided protection and controlled access to
information are not acceptable anymore. This creates not only major social and economic
challenges (which I will not address here), but creates fascinating informatics research
problems. Indeed, the availability of all these data sources creates a market for innovative
informatics tools that can connect people to the information they want, when they want it,
and in the (integrated) form they want it in. Research about how these tools should work will
transcend any division between bioinformatics, engineering informatics, eHealth and public
health informatics, because the best tools are likely to be general purpose.
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In medicine, the effects of this transition are likely to have an even larger impact. Health
care consumers are increasingly rejecting a model of parentalistic healthcare, where the
physician is a parent-figure who makes independent decisions based on access to specialized
information and as a proxy decision-maker for the patient. Consumers now have access to
massive amounts of information on the web, and access to other consumers with similar
health issues, and a willingness to share their experiences, treatments, and opinions. Even
access to tests of potential medical relevance, such as large-scale genotyping of an
individual's genome, is now available “direct to consumer” along with web resources to
assist in the interpretation. The implications of all these activities for the informatics
research agenda are tremendous: How can we support decision-making by healthcare
consumers in partnership with their physician, as well as in partnership with their social
network? How can we help them best use the network of health information and health
providers to manage their health? How can we create methods for helping consumers gauge
the credibility of an information source, and integrate information sources dynamically for a
given health-related query? Finally, how can we ensure that the overall outcome of this new
health-information economy is improved health?
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One approach to these challenges may be to radically reconsider the structure of how we
train scientists and medical students, and how we model the interaction between physicians
and patients. In both cases, I think that the principles of informatics can be the actual basis
of the “curriculum”. We should acknowledge to young researchers and physicians-intraining that there is too much knowledge for them to master in their brains, and so we will
present a framework for knowledge and information use that stresses how to gather,
organize and use information in their professional life, with much less stress on large
amounts of content. Through problem-based learning, and research projects, they will get
experience collecting and using detailed information to solve problems, but the curriculum
will be entirely about collecting and managing information for the purposes of research and
providing healthcare.
For patients, we should acknowledge that health-related information is overwhelming, and
their physician is a collaborator who will help them navigate through this information,
formulate questions and potential actions, and help them make decisions about how to
proceed. The primary physician will be a “general contractor” for health information, who
will work with the patient to find “subcontractors” that can provide specialized services and
information that the patient needs.
In summary, current trends indicate that an information-processing metaphor for scientists,
healthcare providers and patients is a more realistic model as we move forward. If this is
true, the research opportunities for bringing it to reality are extremely exciting.
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My first reaction to the article by Klaus A. Kuhn and his colleagues was asking myself,
whether the first author was related to Thomas S. Kuhn, the author of the famous book “The
Structure of Scientific Revolutions”, published in 1962. In this book T. Kuhn describes the
development of new paradigms in the course of the history of science stating: “Conversions
will occur a few at a time until, after the last holdouts have died, the whole profession will
again be practicing under a single, but now a different, paradigm” (p 151).
I think there is no doubt that we are currently in the midst of a scientific revolution. The
question is which one: The revolution triggered by the progress in information and
communication technology, where we have developments such as the Turing-machine, the
invention of the transistor, integrated circuits and the computer? Or the revolution in
genetics and genomics providing completely new insights into the complexity, emergence
and regulation of biological systems?
The article by K. A. Kuhn et al. “Informatics and Medicine” reminds us that we are already
at the next phase, which is characterized by the merger of these two fields and how they
influence each other. The authors provide an impressive description of the “application
space” of these new technologies and one wonders if their outline of the convergence of
informatics and medicine is already an indicator of a 6th “Kondratieff-cycle”.
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Being excited and enthusiastic about the scientific and economic potential, or skeptic and
reflective about the social and ethical risks involved is one side of the story. Equally
interesting is the question of how we, as a scientific community, cope with the challenges of
interdisciplinary research. Kuhn et al. argue for a strengthening of interdisciplinary
collaboration and education.
It is much easier to talk about interdisciplinarity than to practice it. There is no doubt that,
quoting Leland H. Hartwell [3]: “The next generation of students should learn how to look
for amplifiers and logic circuits, as well as to describe and look for molecules and genes.”
But how do we teach the ability to work in an interdisciplinary environment? How should
future curricula for biology and informatics look like? “Depth or breadths?”
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Kuhn et al. describe the cultural gap between classical natural sciences (e.g. chemistry,
biology, physics) and engineering and informatics. I spent some time during the last years in
talking to engineers, physicists, mathematicians and computer science/informatics
professionals trying to entice them for joint research programs tackling the complexity of
biological systems. I had to learn that many of these colleagues were as scared of biology as
biologists are often scared of mathematics. Nevertheless, the interest and the excitement to
bridge the gap of disciplines and go beyond one's own “domestic culture”was enourmous.
It is not so long ago, that mathematicians, computer scientists and physicists were looked
down upon by their colleagues if they devoted their research to biological problems.
Apparently they didn't make it in their own hard and stringent discipline. This has changed.
The grand challenges of the future have been recognized to lie, not exclusively but
increasingly, in understanding the complexities of biological systems. And this is recognized
by the best and the brightest in these “hard and stringent” disciplines.
My suggestion is to put the emphasis on our ability to talk with each other across the various
disciplines. Talking to each other requires either the same language or at least some basic
knowledge in the foreign language. Mathematics is THE language if we want to tackle the
issue of predicting how biological systems will behave in case they are perturbed.
Information science and technology could not exist witout mathematics at the heart of it.
Methods Inf Med. Author manuscript; available in PMC 2009 August 10.
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I am not sure whether I agree with the suggestion made by Kuhn et al. that “... the most
effective way of changing the patterns of scientific education is to address the level where
teaching and research meet:MSc and PhD programs”. I fully support their proposal to set up
coordinated and combined courses and research training for advanced students in medicine,
science and engineering/informatics. I am also a great fan defining joint research projects
and workshops, to foster links at the institutional and personal level and to encourage teamwork at a high scientific level.
I am worried that all of this will come will come too late. We need to start much earlier.
There are a lot of complaints from our colleagues teaching first year biology about a
declining level of the students profiency (and interest) in mathematics. At least in German
highschools one can observe a dramatic degradation in the importance given to mathematics,
physics and biology. Parents are more worried about getting their children through
highschool at all, opening the doors to soft(er) disciplines and a lack of appreciation for a
solid education in natural sciences.
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Unfortunately this trend is amplified by many of our leading politicians. We are heading for
a disaster, and our political leadership still braggs about how little they understand about
mathematics and genetics. The waters might be muddy and the logic might be fuzzy, but the
message is clear: Informatics and medicine will converge. Kuhn et al. give us a valuable
orientation on how to structure the bewildering heterogeneity and opportunities of
cooperation of these fields. As a first step I suggest to merge the coffeerooms for our
students and faculties. Then all the rest will follow.

3. Towards Biomedical Informatics as a Scientific Field (by James F.
Brinkley)
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This paper by Kuhn et al. [1] is the result of a set of meetings among leaders of two
universities in Munich, the goal being to implement an interdisciplinary graduate school in
biomedical informatics. Members of the group, who are the authors of this paper, are
generally the leaders of biomedical, technical and management departments at the two
universities. Specific fields represented include medical informatics, bioinformatics and
systems biology, robotics, computer architecture, software engineering, databases,
algorithms, augmented reality, nuclear medicine, molecular biology, cardiovascular surgery,
genetics, radiology, internal medicine, dermatology, orthopedics, biometry, and
epidemiology. The particular list of fields is relevant because much of the paper can be seen
as an attempt to discover and classify the common biomedical informatics activities already
ongoing in these separate disciplines. In fact the recognition of this commonality, along with
the increasing relevance of informatics to biomedicine, is undoubtedly the major impetus for
the creation of the interdisciplinary graduate school. Such an endeavor is truly visionary,
going far beyond most academic biomedical informatics programs, many of which are
struggling to achieve departmental status, let alone the status of an entire graduate school.
Yet the shear breadth of activities described in the paper makes it clear that there are enough
biomedical research problems to justify the creation of an entire graduate school, so it is
likely that this effort will not be the last of its kind.
In order to create a graduate school the many activities need to be organized into separate
but overlapping units. In the US such units would be called departments. Thus, the four
classifications in the paper suggest separate departments of bioinformatics and systems
biology, bioengineering informatics, health informatics and eHealth, and public health
informatics. This classification is similar to one that we use in our University of Washington
(UW) Biomedical and Health Informatics graduate program (BHI): biology informatics,
clinical informatics, and public health informatics. We never considered including
Methods Inf Med. Author manuscript; available in PMC 2009 August 10.
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bioengineering informatics in our program because the UW already has a very strong
bioengineering department, many members of which are involved in some aspect of
computing. On the other hand we do collaborate with faculty in bioengineering, bringing
expertise in information and knowledge management, which the bioengineering faculty are
generally not experts in. Thus, a case could certainly be made for including bioengineering
informatics, especially if there is not already a separate bioengineering department.
One difference in terminology appears to come from the use of the term “bioinformatics”. In
the paper it is stated that“the goal of bioinformatics is to understand the molecular
mechanisms, their genetic frame-work for diseases and their responsiveness to therapy...”,
yet many of the research problems described in section 3.1 involve correlating genotype
with phenotype, which often means dealing with information at all structural levels ranging
from genes to the whole organism. Although it is true that the common understanding of
bioinformatics is that it deals with the molecular level, the need to correlate genotype with
phenotype has led many researchers to move beyond the molecular level. With the
completion of the various genome projects this migration will only become more prominent,
and in fact several groups have attempted to extend the definition of bioinformatics to
include all of basic biology, thereby automatically including such fields as physiological
simulation and systems biology (which many would argue are the same thing). One reason
we chose not to use the term“bioinformatics”in our program is to avoid this ambiguity.
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A second difference in terminology is in the use of the word “informatics”. In the
introduction it is stated that the European use of this word corresponds more or less to the
term “computer science” in English speaking countries. Yet the many research problems
described in the paper go beyond what is generally taught in most US computer science
departments, including activities like imaging, signal processing and computational
modeling, which are generally taught in electrical engineering or bioengineering
departments. Thus, the impression is that the use of the term “informatics” in the title of the
paper implies all these activities applied to biomedicine. Such a broad definition is appealing
because it helps to unify many activities under one umbrella -although such a unification
would not occur in the US given our more narrow definition of computer science.
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Given the broad definition of informatics as defined in the paper, it might be useful to list
the informatics research issues that are described under the four categories. These issues
include but are not limited to: signal and image processing, simulation and modeling, data
and knowledge representation, data management and integration, visualization, information
retrieval, and sociotechnical issues. As noted several times in the paper these informatics
issues occur in many if not all of the four fields described in the paper, which is where the
commonality of these fields is seen to lie. Thus, in some ways figure 2 is misleading: in fact
arrows should be drawn between each box on the left side and every box on the right side,
not just those on the same level.
This commonality leads to the notion that there is a core set of informatics methodologies
that underlies all four of the areas. Thus, in the BMI program we would call the areas in the
paper application domains (which in our case are basic biology, clinical medicine and public
health), and we define core informatics domains as those areas that underlie biomedical
informatics research in all the application domains. These areas are generally drawn from
and include pre-requisites from underlying disciplines such as computer science or electrical
engineering, but the courses that teach them are tailored to the biomedical domain. Thus, as
the new graduate school is developed it might be worth while considering the addition of a
unit that could teach these core informatics areas. Such a unit would formalize the
commonality that is already evident in the descriptions seen in the paper, and would help
transform the field of biomedical informatics from a collection of loosely connected
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application areas to a scientific or engineering field in its own right, with its own core
principles and methodology distinct from any other field.
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4. Systems Informatics and the Socio-technology of Bioscience (by Enrico
Coiera)
The agenda of informatics researchers almost inevitably returns to technology, and for good
reason. Information and communication systems are transforming our world in a powerful
way. We would not be able to anticipate climate change without highly sophisticated
computational models to alert us to its risks. We would not be able to more robustly deal
with international financial shocks than we did in past centuries without the web of
economic data shared by central banks globally. And we would not be able to anticipate the
now palpable revolutions in systems biology and genome science that foreshadow truly
personalised medicine, without IT. The human genome project after all, in the end hinged on
computers to pull together shot-gunned genetic fragments into a plausible pastiche of a
whole genome.
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The technological challenge in bringing together systems biology and clinical medicine,
what we now seem to be calling translational bioinformatics [4], is huge. This union “from
cell to system” has been long anticipated, and Blois back in the 1980s already then wrote of
the nature of `vertical reasoning' that takes place in clinical decisions, from low-level
biology through to clinical and organisational levels [5]. Kuhn and his colleagues paint us a
broad and exciting picture of many of the information technology challenges that we face in
that journey [1]. Not least of these is the huge representational and inferential challenges of
build knowledge structures at different scales and expecting them all to effectively interact
and generate meaningful information [6]. They also note in passing that humans themselves
are part of the big picture, and that there are cultural barriers to be breached if we are to
bring bioscientists and clinicians together.
I have said in the past that health informatics is “the study of how clinical knowledge is
created, shaped, shared and applied. Ultimately, it is the study of how we organise ourselves
to create and run healthcare organisation” [7]. In other words, we cannot separate the
cognitive and the social from the technical, and this lesson is as true of the challenges for ehealth at the clinical level as it will be for translational bioinformatics. Indeed, if we are to
imagine an informatics which is all about integrating different biomedical, clinical and
organisational systems - let us call it a systems informatics - then I want to argue again that
we must put ourselves into the middle of that system as primary actors whose behaviour
needs to be modelled, along with molecules and medicines.
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At present the cross-systems informatics research agenda is driven largely by the technical
challenges of information integration, and an analysis based upon an assumption about the
way scientists “do things around here”. In many ways the bioscience informatics agenda is
where clinical informatics was in the eighties, where we used idealised models of what work
should be, and were blind to how things actually were. The last 20 years have seen a
growing sociotechnical critique, for example from influential commentators like Berg [8],
who began to highlight how often seemingly well-designed IT failed when it was finally put
into the clinical workplace, because it's designers fundamentally misunderstood how clinical
work was done. The mantra of `re-engineering' clinical work for efficiency, and of clinicians
and not technologists needing to change their attitudes was the initial informatics response to
this clinical push-back.
But we now know a little better. Clinicians usually resist change for very good reasons - we
still build systems that help administrators more than clinicians. We still build electronic
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record systems that on the face of it take longer to use than pen and paper, even if there is a
big downstream payoff in safety, quality and efficiency. And we build systems that still
ignore the fundamentally complex nature of healthcare. Clinical work is not like work in a
factory, is not like a pilot's cockpit nor like a bank, and many of the models of workflow
automation that work so well in other settings ill-fit clinical practice, which is fluid, multitasking, interrupt-driven [9], complex, and where treatment is often necessarily bespoke
because of patient differences.
We should therefore already intuitively understand that bioscientists do more than analyse
complex data sets. Before the experiment, before the analysis, there is a complex social
process, in some way similar to the processes that clinicians undertake before a treatment
plan is agreed upon. And once an analysis is done, its meaning is debated and shaped
socially, because of the inherent ambiguity and incompleteness of our knowledge, and the
various perspectives scientists bring to such discussions. For example, co-expression of
cellular proteins does not strictly imply co-regulation or a causal relationship in biochemical
processes. Scientists employ additional background knowledge to make assessments about
the weight of evidence behind known relationships, or the likely causal relations that might
be implied through associational studies. Whose background knowledge triumphs in a
research team's debate is still no doubt often a tribal affair.
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Latour has written vividly about such social aspects of science [10] and our new challenge is
to embrace a richer sociotechnical agenda so that we can craft systems that truly link bench
to bedside [11]. The `secret' work that gives rise to bioscience data and its interpretation is
something we really need to understand, because what bioscientists do today, clinicians will
do tomorrow. The clinicians of the near future will be awash with genetic and biomarker
data from their patients, and they will often have little concrete information to guide them to
what they all really mean. As ever, we have much more data than we have knowledge about
what those data might mean.
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Socio-technical systems science has arisen in response to the challenges of understanding
complex technical systems that are embedded in a human world [12]. It has arisen most
strongly because the unexpected interactions between humans and artefacts often produce
unanticipated errors, system failures, cost overruns and breakdowns. The socio-technical
view attempts to understand the contribution of phenomena at the human social level to the
performance of technical systems, and vice versa. It is thus the missing system in any bold
re-conceptualisation of our field as a systems informatics. What is therefore needed is a way
of describing events at the socio-technical level, connecting them to system behaviours and
thence to artefact design. We need to get `technical' about what we mean when we describe
socio-technical events, `technical' about what we want from system design, and we need to
work both alongside technologists to shape technology, as well as with the processes,
organizations and cultures within which they will be embedded [13].
Socio-technical systems thinking is an essential prerequisite to the process of developing
new, safer and more effective ICT systems that span different social systems like bioscience,
clinical medicine and the citizen. Each is its own universe, and technology will not
`normalise' these universes into one. Instead it must help bridge these universes, which are
ever evolving, ever different, ever new.

5. Enhancing the “Human Factor” into the Framework (by Fabrizio
Consorti)
Multidisciplinary integration at research and educational level is surely the right way to
proceed and face the relevant challenges that the inner complexity of healthcare domain put
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forward, especially when the management of information is concerned. The paper of Klaus
Kuhn and co-workers [1] represents a powerful effort toward a comprehensive framework
for an inter-professional curriculum in health informatics. Nevertheless, to the taste of a
physician - like I am - an essential ingredient is still scarce in the recipe, in its dual flavor of
“caregiver” and “patient”: the human factor.
In the paper, social sciences are quoted in conjunction with economics, ethics or with
passive concepts like “acceptance” or “impact”, along with functional expressions as “timesaving” or “cost-saving”. Moreover, topics like the Internet or the web, intended as social
environments, are never explicitly mentioned. Maybe these remarks come just from a wrong
feeling, based on a misunderstanding of the sense of some sentences, but all the same it's a
worth discussing the dimensions of the “human factor” in deeper details.
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Multi-professionalism is not just a matter of exchange of competencies but mainly an
encounter of professional paradigms, aimed at the definition of a common meta-paradigm,
bridging cultural gaps. Mutual awareness of the different points of view is as important as
the acknowledgment of the different, specific technical competencies. Then my contribution
to the discussion will bring an up-to-date clinical point of view, by briefly summarizing the
role of the web-based social cooperative environments in the evolution of current “master
narratives” related to the healthcare domain. Concepts like wellness and illness, process of
care, patient-caregiver relationship are changing in their social representation and ICT is a
factor of the process. This trend will be framed in the context of the two conflicting
paradigms of evidence-based medicine (EBM) and narrative-based medicine (NBM).
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Narrative has always been the main way to communicate knowledge about facts in the
world. Even scientific knowledge needs the support of narrative to be communicated: a
scientific paper is the “story” of an experiment, even if it is expressed in a rather formalized
structure. More specifically, narrative knowledge is focused about understanding the
situation of a singular person through cognitive, symbolic and affective means. A master
narrative (or meta-narrative) “is a global or totalizing cultural narrative schema which orders
and explains knowledge and experience” [14]. It acts as an organizing principle which
provides sense to every-day experience and synthesizes shared ideas in an archetypical way.
Examples of master narratives are myths and popular tales, the narration of national
historical events, masterpieces of literature. Personal identities too are narratively
constituted [15], as complex networks made by self-narration and by the stories told by
others about ourselves. In this context, identity is then a social construct and every mean
affecting in some way socially shared narratives has a relevant consequence for everyone
[16]. Technological innovations such as the Internet have increased the interconnectedness
of groups. The web has contributed to the erosion of traditional community life by
decreasing the importance of proximal, local sites of social influence with respect to the
global community [17]. Basic concepts like health, illness and risk conditions are evolving
in their meaning [18] and the evolution is strongly influenced not only by the great
availability of healthcare-related information on the web but also by social environments
like virtual communities [19,20]. As a matter of fact, the largest part of knowledge present
on the web - in forums and blogs - has a narrative format.
The term “narrative based medicine” was born by the end of nineties, in a series of papers
on the British Medical Journal [21], based on an original book by Katrin Hunter [22]. NBM
is a novel approach to medical practice, as a reaction to a technology-driven practice lacking
empathy. It has been often opposed to the other raising professional paradigm of the
evidence-based medicine (EBM), even if the competition has in fact no foundation, because
NBM and EBM simply define two different, paired dimensions of medical knowledge.
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However, since its more known definition by Sackett in 1996 [23] as “the conscientious,
explicit and judicious use of current best evidence in making decisions about the care of
individual patients, integrating individual clinical expertise with the best available external
clinical evidence” EBM produced an uninterrupted flow of discussion, which reveals how
sensitive is the topic of representing medical knowledge among physicians.
EBM as intended nowadays would be virtually impossible without the availability of digital
libraries. This last point, together with the diffusion of systems for at-distance learning based
on a constructivist approach, highlights the importance of considering the ongoing shift from
a static representation of knowledge as a “content” (accurate and universal representation of
some prior reality) to a concept of knowledge as an enactment of “knowing” in a given
context [24]. Focusing on the contextualized act of knowledge rather than on the content in
fact strongly reduces the difference between “knowing” and “learning” and it blurs the
boundaries between knowledge management systems and e-learning systems [25,26].
Which consequences for research and education can we drive from all of these
considerations?
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1.

There should be an explicit involvement of anthropology, sociology, social
psychology and education sciences in the blend of multi-professionalism, for an
effective curriculum and a creative research environment.

2.

Attention should be devoted not only to technologic development (technology in
itself is not inherently empowering) and to quantitative research aimed to
maximize/minimize a parameter but also to qualitative research, aimed to
“knowing”, also in terms of personal commitment of the intended users of ICT
systems.

3.

From an educational point of view, a systemic approach should be adopted, always
keeping in mind the whole while discussing the detail and highlighting the links
and the relationships among dimensions and contexts.

4.

A particular attention should be devoted to emerging topics for research and
education like the management of narrative knowledge, also in considering that in a
few years the generation of “digital natives” will be adult and will have an active
role in society. For them, booking an appointment or accessing personal health data
by the Internet will be just a routinary task, while probably they will be demanding
for much more sophisticated possibilities of interaction.
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6. Informatics and Medicine from a Developing World Perspective (by
AliDhansay)
When I was invited to write a commentary on the paper by Kuhn et al. [1], I was uncertain
since I saw myself as being `informatics naïve'. On the other hand, I thought I could bring to
the discussion a multidisciplinary medical background (pediatrics and child health with
research experience in the same fields), as well as nutrition research and research
management experience at a senior level in a developing country setting - South Africa.
Some might argue, justifiably to my mind, that SA is a `hybrid' of a developing (major part)
and developed country, which lends itself to novel research opportunities and challenges. I
consider the invitation as a learning (for myself in the area of informatics) and a sharing
opportunity (from a South African, research and medical perspective).
6.1 Introduction
“Knowledge of what is, does not directly open the door to what should be.”- Albert
Einstein
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The above quote, in effect, exhorts one to move towards action, i.e. translating knowledge
into outcomes beneficial for the health and well-being of populations [27,28]. It captures the
essence of what Kuhn and colleagues from two Munich universities and the Munich
Heimholz Center have achieved, with the establishment of a `research-oriented
interdisciplinary Graduate School'. Their paper neatly captures the `knowledge of what is',
as well as the `what should be' parts of the above quote. They have moved from theory to
practice in a sense and should be commended for this. The bottom line, of course, will be the
evaluation of whether the graduate school reached its intended goals - a keenly awaited
result in light of the dearth of documentation of such experiences [29].
6.2 Interdisciplinary Research (IDR)
A definition of IDR is appropriate at this time: “Interdisciplinary research is a mode of
research by teams or individuals that integrates information, data, techniques, tools,
perspectives, concepts, and/or theories from two or more disciplines or bodies of specialized
knowledge to advance fundamental understanding or to solve problems whose solutions are
beyond the scope of a single discipline or area of research practice” [30].
“It took an ex-physicist - Francis Crick - and a former ornithology student - James
Watson - to crack the secret of life. They shared certain wanderlust, an indifference
to boundaries.”- Robert Wright
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It is refreshing to see that informatics researchers are looking at concrete ways of
contributing, nay, being part of the current movement towards translating knowledge to
practice. The paper reflects, on one hand, the universal call for employing interdisciplinary
research to tackle the complex nature of disease and ill health in today's globalized society,
and on the other, seeks to specifically establish the role of informatics and its disciplines as
part of this important challenge. There is no doubting the role of ID health research [30-35].
ID health research is based upon the recognition of diversity/differences, yet agreeing upon
the ultimate objective of a unitary outcome, viz. improvement of health and well-being for
individuals and populations. Interdisciplinary thinking is rapidly be coming an integral
feature of research as a result of four powerful “drivers” [30]:
1.

the inherent complexity of nature and society;

2.

the desire to explore problems and questions that are not confined to a single
discipline;

3.

the need to solve societal problems;

4.

the power of new technologies.
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It is encouraging to note that Kuhn and colleagues have moved beyond the bedside, to the
community and population level. The keywords that stand out in the paper are collaborative
research and structured interdisciplinary education. While somewhat `lost' within figure 1
and not repeated again in the text, the critical phrase `Informatics in Support of Translational
Research' captures the essence of their paper.
Kuhn et al. have also traversed the intersection of bioinformatics and medical informatics
(biomedical informatics) [36-39] and cogently address the issues of public health
informatics and public health, with prevention as an ultimate target. They present a practical
framework of how informatics can act as driver/enabler/interlocker in the continuum from
molecules to population via the fields of biosciences, medicine and public health. The
authors call for collaborative research and structured interdisciplinary education in four
priority areas: bioinformatics and systems biology; informatics for biomedical engineering;
health informatics and e-Health; and public health informatics and public health.
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6.3 The Challenges of IDR
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When setting up their graduate school, one accepts that the authors would have taken into
account the comments of the National Academy of Sciences [30] and others [40-43]
regarding IDR, viz. (not in order of importance)
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•

need for structures to support interdisciplinary research;

•

job opportunities for IDR;

•

evaluation of IDR and scientists and out-puts will need modification of the peerreview process to include researchers with interdisciplinary expertise in addition to
researchers with expertise in the relevant disciplines;

•

funders' views on IDR and its support;

•

role of professional and academic societies;

•

shortage of health workers and scientists/researchers in developing countries;

•

the success of IDR groups depends on institutional commitment and leadership;

•

promotion, tenure, and resource allocation;

•

institutions are impeded by traditions and policies that govern hiring practices;

•

the success of IDR groups depends on institutional commitment and research
leadership;

•

new modes of organization and a modified reward structure to facilitate
interdisciplinary interactions;

•

professional societies have the opportunity to facilitate IDR by producing state-ofthe-art reports on recent research developments and on curriculum, assessment, and
accreditation methods; enhancing personal interactions; building partnerships
among societies; publishing interdisciplinary journals [44] and special editions of
disciplinary journals and promoting mutual understanding of disciplinary methods,
languages, and cultures;

•

learning from collaborative interdisciplinary research partnerships among
universities, industry, and government.

The above points immediately present a bigger challenge to researchers in developing
countries, faced with problems of rudimentary health systems, poor infrastructure and
human resources for health, and low spending on research and development. Table 1 and
Figure 1 below illustrate the situation well.
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6.4 IDR Leading to Translational Research
While the lack of funding, health infrastructure and resources can be seen as added
impediments to IDR in developing countries, this makes it even more important to `work
smartly' in multidisciplinary and interdisciplinary collaborations than ever. Similarly, the
need to fast track knowledge translation in these countries is just as urgent - interventions
which are cost-effective need to be implemented. In this regard, the framework for the
integration of informatics with health as presented by Kuhn et al. needs to be tested and
implemented in developing country settings as a matter of urgency.
6.5 Context Is Important
While there are many similarities in health challenges facing developing countries compared
to developed countries (e.g. health and nutrition transition to `diseases of lifestyle'), there are
also major differences, e.g. the massive burden of HIV and AIDS, tuberculosis and malaria
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in Africa. Health information systems are not efficient, impacting on resource allocation and
evaluations of the health system. Developing countries including South Africa are
experiencing severe shortages of health care personnel in the public sector to Europe and
North America, as well as to the WHO! Poverty and inequity (in general and in health) are
inexorably linked, and this is reflected in the not unexpected differentials in morbidity and
mortality found in South Africa (skewed unfavorably towards blacks). Inequality and
inequity at all levels and sectors present many challenges to the goal of improving the health
of nations [45].
In South Africa, 93% of the majority black African population (80% of SA population) has
no medical aid (insurance) and is dependent on the public health sector, while 58% of the
minority white population (9% of SA population) has no private medical cover. These
differences in health care financing are important in the context of funding of `high tech'
innovations. A recent survey of the role of genomics medicine in developing country
contexts, which included South Africa, argues that there is a role for investing in genomic
sciences in developing countries. They posit that investing in the field, identifying niche
areas within it and within areas of local interest, and building life sciences-based capacity
around such knowledge could contribute to improving local health, as well as potentially
stimulating economic development. The role of private partnerships in this regard is also
highlighted [46]
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The area of personalized medicine was also mentioned by Kuhn et al. in the context of
public health and genomics. Again, in the South African context, issues such as race and
ethnicity and the medicalization of race are issues that numerically and ethically assume
much greater importance than the BiDil debate in the USA [47]. These are fertile areas of
potential research for interdisciplinary teams, including informaticians.
6.6 What Are the Implications of the Paper for Developing Countries?
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•

There is a need to embrace the call for interdisciplinary research and education, and
to highlight the role of informatics as an enabler in the whole process from bench to
bedside to the community.

•

Collaboration with developing countries on an equal footing should be encouraged.

•

Realization that there are context-specific issues that have to be considered, e.g.
local technological, funding, population dynamics. Recognition of diversity and
differences.

•

Foster debate around ethics (of genomic medicine and personalized medicine),
information access, education and social issues in developing country settings.

•

Personalized medicine also raises the question of identification of patients who are
most likely to benefit.

•

Ensure partnerships with, for example private sector are conducted ethically and
openly for the benefit of public health.

6.7 Conclusion
One trusts that new synergies will be forged between the various disciplines, e.g. medical
informatics and bioinformatics, based on the promise outlined in the paper by Kuhn et al. To
quote the present director of the National Institutes of Health, Dr. E. A. Zerhouni: “It is the
responsibility of all of us who are involved in health research to translate the remarkable
scientific achievements/innovations we are witnessing into health gains for the nation” [28].
Of course, this should be extended to the global community, and especially the developing
nations with their greater burden of disease.
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The authors have taken a bold step in establishing the Graduate School in Munich - in effect
demonstrating the move from theory to practice. To my mind, there is a dearth of
information on such initiatives; little has been documented about how researchers
experience interdisciplinary health research in practice. Furthermore, factors such as career
path opportunities, reward and recognition, evaluation criteria, long-term future etc. are all
important. It is therefore imperative that they document and share their experiences, which
will be keenly awaited by the scientific, academic, medical, and informatics fraternity.
Both the medical and informatics communities need to extend the discourse initiated by
Kuhn et al. to the challenges posed by developing country settings. It is only proper that
those areas of the world most beset by ill health should be part of the move towards working
smartly and in an interdisciplinary fashion. South Africa has the unenviable reputation of
being the world leader in many disease areas such as HIV and AIDS, tuberculosis and fetal
alcohol syndrome. With its diversity of populations (exemplified by its rainbow nation tag)
and in burden of disease patterns, the country lends itself to opportunities for collaborative
research on informatics and health between north and south [48,49].

7. On Global Trends and Challenges (by Antoine Geissbuhler)

NIH-PA Author Manuscript

Enabling information and knowledge to flow and grow from molecular scale to patients and
populations is one of our ambitious goals and grand challenges. This “info-bio convergence”
has an enormous potential to improve our fundamental knowledge in life sciences, the
ability to translate it into better and individualized patient care, and will open new ways of
studying and steering our pressured health and healthcare systems. Further down the road,
many foresee the additional convergence with nanotechnologies and cognitive sciences, thus
realizing an unprecedented synergy of skills and knowledge [50].
Although the way seems clear and the future bright, there are many obstacles that need to be
overcome, many of which lie partly within the scope of biomedical informatics, and most of
which will require new forms of collaboration, of research, and probably of education.
We must be able to connect information from these various knowledge domains.
Connectivity of the infrastructure from multiple, heterogeneous, and distributed resources is
likely to evolve from the current data and computational grids. Connecting the physical and
the information world will require new abilities to identify, track, and link objects from both
worlds. But the main connection challenge will be the semantic integration of these mostly
distinct domains, as exemplified by the IUPS Physiome Project [51].
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With the advent of our knowledge society, we need to rethink the way we design research.
Digging in the massive amount of data that is made available on the Web, will need new
research paradigms, potentially moving away from hypothesis-driven research (whether in
vivo, in vitro or in silico) into data-driven research [52]. At the same time, citizens of our
knowledge society will have the opportunity to reshape the way their information can be
used for research, potentially displacing the centers of knowledge production away from the
academic environments [53]. Furthermore, the new interactions between humans and
machines that are currently appearing will require new research disciplines, such as the Web
science, coined by the Web inventor, Tim Berners-Lee [54].
In this interconnected, highly complex landscape, multidisciplinary collaboration will indeed
be the rule for progress. A challenge will be to foster the right mix of hard sciences, life
sciences and social sciences necessary to apprehend the problems at hand. The collaborative
tools of the social Web will help to some extent, as will the knowledge engineering tools
brought by informatics research. It is however likely that the current educational models will
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not be able to cope with the increased needs for cross-disciplinary skills and will have to be
revisited.
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Finally, we must realize that the knowledge society is becoming global, bringing new
challenges and new opportunities. In order to limit the progress of the digital divide between
those who have access to these new tools and those who don't, we will have to learn how to
better share knowledge, and make it relevant to multiple contexts, in order to solve real and
urgent problems, and in particular those of the health systems. For example, it is likely that
biomedical informatics, e-health and telemedicine will enable new solutions for the current
healthcare workforce crisis, helping to train, inform and support healthcare professionals and
patients in the poorest and most remote parts of the world, where they are most needed [55].
Enthused by these new promises, we should always keep in mind that the overarching goal
of our efforts, from fundamental research to the bedside activities, from molecules to
populations, is to improve the health and quality of life of the people of the world.

8. From Molecules to Populations Is Only One Dimension of Health and
Biomedical Informatics (by William Hersh)
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The paper by Kuhn et al. [1] describing the spectrum of health and biomedical informatics
provides an excellent elucidation of the subject domains that describe our field. But the
subject domain is only one dimension of informatics, and other important dimensions must
be described and explored. In my commentary, I will set forth my own view of informatics,
health and biomedical informatics, and the dimensions that the field covers.
First, what exactly is informatics? The paper discusses this only briefly, noting but
expressing some dissent the European view that informatics is fundamentally computer
science. I am glad to see this view changing in Europe and beyond. My view of informatics
is that it is fundamentally about information, in particular what humans do with it and how
they apply technology to improve its use for improving the human condition. Informatics is
an integrative discipline, drawing upon areas such as information and computational
sciences, business and management, and other fields, but also deeply rooted in a subject
domain. In the field of health and biomedical informatics, the subject domains range from
biology to medicine to personal and public health.
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All branches of health and biomedical informatics are heterogeneous yet have a common
intellectual core. The bioinformatician who analyzes gene expression microarray data may
seem to have little in common with the clinical informatician who is trying to reconcile with
highly interrupted workflow of clinical care with collecting high-quality information that
can be used not only for better patient care, but also to drive decision support systems and
quality assessment. Likewise, a consumer health informatician might be focused on helping
an individual maintain optimal health, while the public health informatician is likely to be
focused on monitoring risk factors for disease in a community.
Yet all of these areas of health and biomedical informatics have common underlying themes.
All are focused on the optimal collection and use of information. All would benefit from
technology systems that have optimal usability, facilitate collection and use of high-quality
data, and aim for interoperability based on the best standards. All require attention to the
larger contexts and human organizations in which they are used, whether biomedical
research organizations, health care delivery systems, or public health agencies.
The paper by Kuhn et al. acknowledges that all subject domains of biomedical informatics
have related areas, whether the statistical methods of bioinformatics, the people and
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organizational issues of medical informatics, or the social and economic aspects of public
health. I would argue that these related areas are not necessarily limited to any particular
subject domain. Examples include the application of qualitative methods to bioinformatics
[56] and the need to be cognizant of genomics (e.g., single-nucleotide polymorphisms or
SNPs) and clinical data quality issues in genomewide association studies [57].
It is thus imperative for us to move beyond arguing what adjective should precede
informatics (e.g., bio-, medical, consumer health, etc.) and instead focus on the core
attributes that unite all aspects of informatics and how we apply them in health and
biomedical informatics. Our discipline is indeed interdisciplinary, and some of its key
attributes reflect that. Informatics is integrative, drawing on computational and information
sciences as well as business and management sciences, yet firmly rooted in a deep
understanding of the discipline in which it is applied, be it biology, medicine, or health.
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Our academic departments must recognize this fundamental undercurrent of all informatics.
Our educational programs should teach from this perspective. Not every health and
biomedical informatics department or degree program must cover the entire domain
perspective, but they should perform their research, teaching, and service from the viewpoint
of informatics. Likewise, their educational programs should recognize there is no single
career pathway within the field. What an informatician does as a job is a function both of
what he or she did before entering training and what knowledge and skills he or she gained
from that training.
The 21st century provides exciting opportunities in health and biomedical informatics.
Improvements in information technology provide us a growing ability to use information to
improve human health at the personal, health care, and public health levels. This will require
research and educational programs that acknowledge the core similarities across the subject
domains of health and biomedical informatics and train new practitioners and academicians
in this point of view.

9. The Value Chain “from Bench to Bedside” (by Yunkap Kwankam)
The paper of Dr. Klaus Kuhn et al. [1] is well documented (researched) and clearly written.
It captures the essence of the broad spectrum of issues spanning the continuum from
molecular genetics to public health policy. The fact that it elaborates on the quite intuitive
value of interdisciplinary research in health informatics, is itself indicative of the
imperviousness of the silos into which research has fallen. The reaffirmation is thus very
welcome.
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And although the consultation on creating the graduate program was local - limited to
Germany - the challenges discussed cover a variety of socio-political and economic
contexts, and thus the paper is of much broader relevance than to single a typology of health
system context.
9.1 Assessment of Health Informatics
The paper mentions the importance of assessment and the dearth of robust methodologies
for such assessments. This is the crux of the matter. Methodological improvements in the
assessment of informatics are needed to convincingly chart influence pathways from health
informatics interventions to health intermediate and final outcomes. This is the key to
unlocking funding for the very promising research described and support for the marketing,
deployment and use of the fruits of such research. Until the return on investment, or return
on value, is demonstrated, the funding levels needed to sustain interdisciplinary efforts will
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continue to be a challenge and thus an inhibitor to the change in culture within disciplines
that the paper calls for.
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Funding for public health informatics is in competition with other priorities, and this
competition is especially fierce in resource-challenged health systems. Health, as a
production function, shows a number of variables, water and sanitation, for example,
accounting for nearly 10% of the global burden of disease. A 2008 WHO report estimates
the economic benefits of investing in drinking-water and sanitation in several forms:
“health-care savings of US$ 7 billion a year for health agencies and US$ 340 million for
individuals; 320 million productive days gained each year in the 15- to 59-year age group,
an extra 272 million school attendance days a year, and an added 1.5 billion healthy days for
children under five years of age, together representing productivity gains of US$ 9.9 billion
a year; time savings resulting from more convenient drinking-water and sanitation services,
totaling 20 billion working days a year, giving a productivity payback of some US$ 63
billion a year.” [58]. The above figures are taken from a study which shows a total payback
of US$ 84 billion a year from the US$ 11.3 billion per year investment needed to meet the
drinking-water and sanitation target of the Millennium Development Goals [59].
Health informatics would need to show similar, or better benefits, in order to get a fare share
of limited budgets.
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9.2 Translating Knowledge into Policy and Action
The paper lays heavy emphasis on greater levels of sophistication in research for scientific
discovery. However, one could argue that the weakest link in the research continuum from
discovery to dissemination and deployment, is perhaps in the latter phases of this chain.
Therefore, there needs to be a balance between efforts aimed at discovery and those targeted
at the so called “know-do gap” - the gulf between what is known and what is done in policy
and practice. Again, interdisciplinary training, which the paper advocates, would strengthen
research into “technology enhanced knowledge translation” [60]. The field examines the
role that ICT can play in the actions of individuals, as well as systemic factors that militate
in favor of successful transformation of available information and knowledge into action. It
also looks at what informatics tools need to be devised for capturing and sharing experiential
(or tacit) knowledge, which unfortunately is compartmentalized in individuals. Can health
informatics networks in support of communities of practice serve as a model for breaking
down these silos, so as to promote sharing of available tacit knowledge? Can such networks
improve the use of experiential knowledge on a systematic basis within health systems?
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ICT can remove distance and time barriers to the flow of information and knowledge for
health and help ensure that our collective knowledge is brought to bear effectively on health
problems in individual countries, as well as globally. It would require a system where all
decision-making in health is supported by an ICT-mediated knowledge-coupling system
which builds on Weed's vision [61] as adapted by Kwankam et al. [62] and ensures that: a)
all relevant options known to the health sciences are readily available for consideration; b)
specific features of the situation at hand that bear on the discrimination among these options
are taken into account; c) appropriate associations are made between the specific features of
the situation and the many options; and d) the right technology is deployed and local
capacity developed to permit access to the information.
9.3 Building on the Collective Wisdom
Several recent meetings have raised the issue of an international registry for informatics
research/trials - to provide a repository of research information/experience and the potential
to build on successes while learning from the errors of one and all.
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The paper's broad scope also covers the role that informatics can play in empowering
citizens to contribute to their health. The authors thus encourage one to hope that such
thinking also offers an opportunity to focus less on health as the absence of disease, and the
attendant emphasis on disease mechanisms, and more on the WHO vision of an ecological
balance between the physical, mental and social dimensions of life.
The paper concludes that “it is only through having experts in one scientific discipline who
have a profound understanding of the other disciplines' terminology and scientific culture,
that true inter-disciplinarity can develop …”. Such interdisciplinary understanding would
greatly facilitate visualizing and understand the big picture. Then the boundary conditions
that are necessary for information and knowledge exchange between disciplines, and
between sub-disciplines within disciplines, in the value chain that leads from bench to
improved health, may be better understood and managed.

10. Envisioning the Future - Informatics and Collaboration (by Nancy
Lorenzi)
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In Lewis Carroll's classic book, Alice in Wonderland [63], Alice comes to a fork in the road
with two paths leading in different directions. Confronted by a Cheshire cat she asks:
“Which path should I take.” The response from the Cheshire cat is: “Well, that depends on
where you want to end up?” Alice said she did not know. The Cheshire cat responds: “If you
don't know where you want to go, it doesn't matter which path you take.”
Without vision we are both unclear about our direction and at times have conflicting
directions. This makes it difficult to formulate plans, objectives, goals, actions, and no way
to measure results. Unless we know where we need to go, we cannot create the path to the
future
The Informatics and Medicine: From Molecules to Population article presents an
outstanding overview of the current progress in medicine, bioinformatics and biology
informatics, biomedical engineering health informatics and eHealth, and public health, life
sciences, public health, life sciences and public health informatics. This article will become
an instant cornerstone classic article not only for its overview, but for its challenges and
directions. Congratulations to the multiple authors for creating this article that is a worldwide guide.
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I titled my commentary “Envisioning the Future - Informatics and Collaboration”. The
phrase “envisioning the future” characterizes the challenge that we face in achieving the
overall picture painted in the vision the Informatics and Medicine: From Molecules to
Population article creates. The sub-title “Informatics and Collaboration” not only supports
that informatics will be “the most important driver and mediator for innovation” as stated in
the article, but stresses that we need collaboration to be successful.
One organization that is prepared to support collaboration is the International Medical
Informatics Association (IMIA). Three of IMIA's goals include:
•

promote informatics in health care and research in health, bio and medical
informatics;

•

advance and nurture international cooperation;

•

further the dissemination and exchange of knowledge, information and technology.

IMIA created a strategic plan (Towards IMIA 2015 [64-67]). Knowledge is the central core
of IMIA's strategies, interactions and efforts. The plan next focuses on science, portraying
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IMIA members' connection and integration with the science and discovery of informatics.
The next connection is the application of scientific discoveries, including the multiple
questions and issues that are created and disseminated in informatics. This is followed by
IMIA's impact, referring to the potential impact that IMIA and its members can have on
governments, nations, outcomes, health professionals, and all other stakeholders. The last
major focus represents IMIA's interactions with individuals, citizen organizations, personal
health involvement, dissemination and acceptance, enabling personal responsibility, and
public/personal health.
The second dimension of IMIA's Strategic Plan represents six key sectors that IMIA as an
international association is prepared to facilitate or work with others to effectively address.
The six sectors are:
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1.

health improvement;

2.

research/science (including how we understand and create evidence to support
health);

3.

the behavioral responsibility (ethics) that refers to our ethical and social
responsibility;

4.

education (including best practices in educating ourselves and others);

5.

the multiple types of relationships (communications and connections to build
relationships among stakeholders); and

6.

the equity of IMIA, our obligation to share, distribute and disseminate.

We stand at the crossroads of tomorrow, compelled to address the challenges outlined in the
article and impact of our multiple efforts and the visions they enable.
Inherent in IMIA's role is to bring together, from a global perspective, scientists, researchers,
users, vendors, developers, consultants and suppliers in an environment of cooperation and
sharing to research and develop the concepts needed to support the organizations of the
world seeking technology as transformational. Through its many publications (Methods of
Information in Medicine, International Journal of Medical Information and Yearbook of
Medical Informatics) and electronic communication mechanisms IMIA can be a major
disseminator of the knowledge created. As an organization committed to promoting best
practice in the use of information and communication technologies within biomedical
informatics and in health and healthcare, IMIA will ensure that it uses and promotes best
practice in its own use of technology as a transformational strategic asset.
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We stand looking at the future portrayed by the Informatics and Medicine article. We have a
vision. If we work independently toward various isolated goals we will lose the opportunity
to work together to create the synergy needed for reaching the desired state. This is an
excellent time for international cooperation.

11. Nanomedicine and Regenerative Medicine Pose New Challenges for
Biomedical Informatics (by Fernando Martin-Sanchez)
The reading and study of the paper of Kuhn et al. [1] has represented a particularly
motivating and scientifically enriching task. After several years of working on aspects
related with the analysis and implementation of the synergy between medical informatics
and bioinformatics, this document represents the most complete updated review of the
research challenges in each of the four areas that are accepted as constituent of biomedical
informatics (BMI). Furthermore, these four disciplines are not described independently,
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instead a thorough analysis of their mutual relations is provided. The analysis of the
connections between BMI and biomedical engineering results especially interesting because
this is a topic that has given rise to some controversial opinions in the past. The authors
provide here a framework that can be very useful to facilitate a reciprocal collaboration
between experts in both fields and to define some common ground (such as image
processing or modeling and simulation of biological entities and processes).
It is also very valuable the effort made by the authors to provide a model for
interdisciplinary education that it is clearly oriented towards facilitating translational
research. I fully agree with their claim that the new generation of scientists should have to be
exposed to (at least) two of the core disciplines at early stages of education. Furthermore, I
believe that the integrative approach that has inspired the authors to design the new
Graduate School will become a reference and will be followed by other academic centers.
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Indeed, there is no a major criticism to the paper from my side, however, taking into account
that several outstanding bioengineers have participated in the work leading to this paper, I
believe that it would have been important to raise the issue of nanotechnology and
regenerative medicine since they pose new challenges for BMI. It is not my intent to
consider these issues in depth in this brief commentary. Rather, I will point out some
considerations and let the reader become more informed and interested about these topics,
particularly with reference to their complementarity with the paper authors' design of
educational programs.
11.1 Nanomedicine and Regenerative Medicine Represent New Trends beyond Genomic
Medicine
Although the paper only mentions nanotechnology on one occasion in section 2,
nanomedicine and regenerative medicine are recognized to be among the most promising
trends in medicine for the future. Nanomedicine is defined as the use of nanoscale tools and
components for the diagnosis, prevention and treatment of diseases and for understanding
their pathophysiology (European Science Foundation, Nov. 2005). Regenerative medicine
seeks to develop functional cell, tissue, and organ substitutes to repair, replace or enhance
biological function that has been lost due to congenital abnormalities, injury, disease, or
aging (NIH Definition, NIBIB, June 2004).
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Interestingly, while genomic medicine is based on the use of molecular information to
design new approaches to promote health, and prevent, diagnose, cure and treat disease,
nanomedicine and regenerative medicine go beyond that point, in the sense that they can
entail an intervention on the biological structure of the human being. It is my belief that
these two fields pose new challenges for informatics beyond those addressed under the
realm of genomic medicine.
11.2 Impacts of these New Trends that Can Be Envisioned in Every Facet of Healthcare
Nowadays the number of clinical applications of nanotechnology is increasing with research
at the nanoscale providing important information prior to clinical application. Just as
mentioned above, we are likely to see nanomedicine impacting on areas such as biomedical
research, prevention, diagnosis and therapy [68].
•

Prevention and diagnosis - All the new advances in nanotechnology are
encouraging the scientific community, especially in biomedicine, to use the
`nanoscope' that will allow them to see a new scale of genomic, phenotypic and
environmental data to integrate with the information already available. As an
example, the next generation of DNA sequencers makes use of beads and other
nanotechnologies. Nanosensors and nanodevices will permit to assess the different
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positive and negative environmental factors that affect an individual's risk to suffer
from a disease. New in vitro diagnostic tests and miniaturized imaging systems will
provide more sensitive detection methods.
•

Therapy - New nanostructures will be used as drugs. Novel methods of drug
delivery systems consisting of anti-cancer products bound to nanoparticles such as
buckyballs, nanocapsules and dendrimers are already a reality. Imaging techniques
will be used to monitor drug release or for patient's follow-up. Stem cells may
provide tissue for transplants in the context of degenerative diseases. Finally
regenerative medicine will allow the manufacture of new artificial tissues or
organs, or the use of nanotubes and nanofibers to build scaffolds where cells from
different organs can grow.

Nevertheless, some of the recently developed nanoparticles may have negative side effects.
For instance, an article in Nature Nanotechnology has recently reported that some forms of
carbon nanotubes could be as harmful if inhaled in sufficient quantities [69]. This fact
justifies the need of careful data handling in clinical trials in this area.
11.3 Nanoinformatics Could Represent a New Subdiscipline within Biomedical Informatics
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Nanotechnology requires the contribution of informatics to process all the knowledge that is
being generated at the nano level and to integrate it with the biomedical (phenotypic,
genotypic and environmental) data. Nanomedicine gathers and deals with large volumes of
complex data, linked with external sources and usually distributed in heterogeneous
locations.
Nanoinformatics involves the research and development of effective tools/technologies for
collecting, standardizing, sharing, analyzing and visualizing the vast amounts of data and
information relevant to the nanoscale science in several areas such as literature, physicochemical properties, biological and toxicological interactions and clinical effects [70].
Several requirements for BMI come from the need of improved tools for designing,
modeling, and visualizing the new nanomaterials and scaffolds for tissue engineering. Also,
new databases will have to be designed to store physical, chemical and biological properties
of nanotechnology developments. Semantic interoperability will have to be granted not only
between nano resources, but also between them and the existing medical terminology and
coding systems. Biomedical informatics can support regenerative medicine through the
application of tools and information systems to characterize the molecules involved in
differentiation mechanisms, including growth factors, hormones, cytokines or integrins.
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ACTION-Grid is a new research project funded by the European Commission (2008-2009)
on healthcare information systems based on grid capabilities and nano/bio/medical
informatics. This project, coordinated by Prof. Maojo from the Universidad Politécnica de
Madrid and our own group has as its main objectives to analyze synergies between
biomedical informatics and nanoinformatics and to combine these results with data from an
inventory of grid/nano/bio/medical methods and services developed by the consortium [71].
11.4 In Conclusion
Nanomedicine and regenerative medicine open new avenues for research in biomedical
informatics methods and tools. Just as the advances in “-omics” research brought about the
connection of medical informatics with the molecular domain, is BMI ready now for
addressing the nano world and expanding its scope down to the atomic level as shown in
Figure 2?
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None of my views expressed in this commentary should be interpreted as a critic to the
paper by Kuhn et al. On the contrary, an educational program such as the one described in
the paper by our colleagues from Munich, that is based on interdisciplinarity and with a
clear translational vocation, is placed in the best position to face the new challenges related
to information processing in medicine, whether they come from the side of nanotechnology
or from any other new development that may arise in the future.
In this regard, a new generation of scientists knowledgeable about nanotechnology will be
essential to manage this new information and efficiently integrate it with biomedical data
from the atomic to the populational level to translate all these findings into better healthcare.

12. The Need to Create the Frame for Interdisciplinary Collaboration (by
George Mihalas)
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Biomedical informatics is today a field with one of the highest rates of development. New
techniques or devices, new approach or methods, new applications or solutions are reported
every day [1]. Such an avalanche of news needs a systematic work for classifying and
stratifying all accumulated data and knowledge. The most natural approach in classification
would start from the structural level of the studied system [72]. And this approach has been
adopted also by Kuhn and his collaborators [1] who emphasized this view even in the title:
“From Molecules to Population”. Their excellent paper is fully comprehensive by counting
all topics of research, brings some refinement in description and updates the actual trends. It
is worth to make here some short comments concerning the research challenges on each
level.
12.1 Bio-silico Interfacing
I would start my comments by noting the original approach in the second chapter “The
Overall Picture: Where Do We Stand and Where Do We Go”, with a detailed list of
technical trends in computer science and adjacent domains which will bring a significant
impact biomedical informatics. We can add here the interdisciplinary research (biophysics
and computer science) on the direct information transfer between biological system and
computers [73]. The potential applications are tremendous and still seem close to“sciencefiction”.
12.2 Neuroinformatics
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During the nineties most prospective views about medical informatics research used to
consider bioinformatics and neuroinformatics as most promising [74]. The previsions on
bioinformatics turned out to be true. However, the chapters on neuroinformatics are now
rarely present. The reason might be that the impact of neuroinformatics research would
rather be on cognitive sciences than on medical sciences. And the same might be true about
“affective computing” [75]. However, applications in neurosciences and psychology, with
their “medical” shadows - neurology and psychiatry - , show that the connections to
biomedical informatics are strong enough and the integrative view, which has been
repeatedly mentioned by the authors, would become even more consistent by including these
items too.
12.3 Simulations in System Biology and Virtual Physiological Human
Another welcomed feature in the article is the specific reference and the detailed
presentation of “Informatics for Biomedical Engineering”, a topic often left on a second
place or treated superficially. The research challenges cover, indeed, several directions,
requiring various tools. And when we talk about new informatics tools in cell biology we
must mention the work of Masaru Tomita and his co-workers [76] on the “virtual cell” - a
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package for computer simulation of cellular processes, dedicated software developed for this
purpose [77]. We can expect that specialized software or even new theoretical models will
be developed for each level. On the next structural level we have to mention the Physiome
Project, initiated by Peter Hunter [78], followed by the Europhysiome Project, and continued
by the Virtual Physiological Human Project of the European Commission [79].
12.4 Integration and the Role of Professional Organizations
Various aspects of integration have been discussed in the paper and there are also several
other studies dedicated to integration (refs. 9,10,12,17,37,39 of [1]). The emphasis on
integration is understandable: the properties of a level are different from a simple sum of the
properties of lower component levels! Some recent events organized by the European
Federation for Medical Informatics EFMI had topics dedicated to integration of biomedical
information [80,81].
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Actually the integrative view supposes a quite complex approach and here it is the origin of
the need to create the frame for interdisciplinary collaboration and provide an education
which crosses the boundaries - as so well is presented in the paper in chapter 4. I fully share
the view of the authors and do consider that biomedical and health informatics professional
organizations, like EFMI or IMIA (International Medical Informatics Association) should
get involved in creating the appropriate collaborative frame and contribute to educational
programs, following the good example of the 10×10 program of the American Medical
Informatics Association AMIA (ref. 18 of [1]).

13. The Need for a Human Clinome Project (by Yuval Shahar)
The “Molecules to Populations” paper by Kuhn et al. is a highly commendable effort at a
through, in-depth analysis of the need for multidisciplinary collaboration in the 21st century
between informatics, as an area of scientific endeavor, and several specific subareas of
medicine and biology, as other such areas. I would like to comment on some of its key
strengths as well as on several important key challenges to be faced that should be added to
its research challenges list.
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First, regarding the key strengths and main significance of the paper: I had found both the
descriptive insights provided from this analysis, and the specific educational structural
recommendations implied by these insights, to be quite invigorating, and potentially highly
beneficial. In particular, the authors emphasize that only through experts in one discipline
who profoundly understand the conceptual world of another discipline can true
multidisciplinary research develop. This emphasis is very important, and is certainly evident
to multidisciplinary researchers, but unfortunately is not as obvious to decision makers in
education as one would like it to be. One often encounters the view that, for example, having
a well trained computer scientist or informatician work with biologists or clinicians is
sufficient for bringing about new breakthroughs in bioinformatics or medical informatics;
similar views are often held in the case of other disciplines. But, as the authors point out, the
various sub-cultures of the disciplines studied by Kuhn et al. have been highly resilient to
change or to integration. Only by what the authors term “boundary breaking agents”, i.e.,
personal examples of multidisciplinary researchers that the students meet during their
training, can true interdisciplinary understanding and research exist.
A particularly good example out of the several potential interdisciplinary collaborations
suggested by the authors, is, in my opinion, the need to strengthen the links among
bioengineering and medical informatics. A specific example, not explicitly discussed by the
authors but probably on their mind, is the possibility of developing a “smart medical home”,
which monitors its residents, alerts them or specific care centers when unusual patterns are
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detected (e.g., an elderly person falls, or seems to have a heart attack). Developing such a
smart home requires understanding of both the multiple sophisticated (and possibly quite
new) sensors involved, as well as development of intelligent computational methods for
analyzing the huge volumes of data emerging from these sensors, and for continuously
integrating these data with up-to-date clinical and epidemiological knowledge.
Second, regarding several of the areas I would like to see more strongly emphasized as part
of the key research challenges, at least as a part of any interdisciplinary research program
that includes as one of its components the area of medical informatics: I would like list three
such challenges, although they are somewhat linked.
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1) The first grand challenge for a multidisciplinary collaboration is the creation of a
universal, formal, computationally accessible medical knowledge base. Much of the
collaboration among areas such as clinical medicine, clinical research, public health, and
medical informatics, can and should be distilled into a set of formal representations of
declarative and procedural knowledge that would be stored in a universally accessible (to
humans and machines) knowledge base. That is, insights regarding meaningful [declarative]
patterns of both individual (clinical) or population (epidemiological) data, and, most
importantly, the best state-of-the-art [procedural] methods, protocols, guidelines, and care
plans, to deal with such patterns, can and should be organized, specified, stored, and
maintained within a universally accessible digital library, using a machine-comprehensible
format (including the use of a set of ontological and terminological standards) that supports
maintenance, use, reuse, and sharing of the knowledge.
I call such a continuously changing library of declarative and procedural clinical knowledge
“the Human Clinome Project”, in homage to the Human Genome project - or perhaps it
should be termed the Human Cli-Knowme project, since it would encompass all currently
known declarative and procedural human knowledge that can be represented within and
accessed by computational means.
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A particular section of the Human Clinome project that I have in mind as a good specific
starting point is a worldwide machine-comprehensible digital library of procedural
knowledge, namely, clinical guidelines and their somewhat more rigorous version, clinical
protocols. These guidelines have been shown to be highly beneficial with respect to both
improving the quality of care [82] and reducing its cost; it is also clear that to be effective,
the guidelines must be integrated within the clinician's workflow [83]. Free-text and even
somewhat structured guideline libraries exist and are accessible through the World-Wide
Web. However, to be truly effective, guidelines must be continuously updated and
universally accessible in a machine-comprehensible way, so that they can be automatically
applied to the relevant patient (or patient population). One such attempt at a digital guideline
architecture is the DeGeL project [84], which includes a comprehensive methodology for
specification, maintenance, search, retrieval, and application of clinical guidelines, using a
hybrid methodology that support several intermediate formats on the way from a free-textbased representation to a completely formal, executable format. The collaborative
methodology for guideline specification was recently evaluated in a multinational
collaboration and found to be feasible [85]. Of course, many sub-parts of such an
architecture require further research and enhancement; multiple researchers throughout the
medical informatics community are working on various aspects of this challenging problem,
such as how to expressively represent the guidelines, or how to automatically verify and
validate the knowledge expressed within them.
Such a grand challenge would bring together many of the disciplines mentioned by the
authors of Kuhn et al.'s paper, and enforce true collaboration to be successful.
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2) Much of the declarative biomedical knowledge necessary for better management of
patients, in particular, chronic patients (the care of which is responsible for about 80% of the
health care costs in developed countries), such as might be part of the Human Clinome
project, should be acquired from analysis of massive amounts of data of patients monitored
longitudinally for significant amounts of time (i.e., often, many years), to mine meaningful
patterns from the data, using pre-existing clinical knowledge. In other words, we need to
continuously perform massive, distributed, intelligent temporal data mining. Indeed, it has
been recently suggested, although without much emphasis on the temporal aspect, that
“clinarrays” (influenced by microarrays) might be constructed from analyzing large amounts
of population-based laboratory data, possibly correlating it with biological data, so as to
suggest new ways for disease subtyping [86]. However, adding the temporal dimension as
well as the effect of using existing medical ontologies and knowledge bases to better
interpret the data would shift the emphasis towards a massive, large scale, continuous
clinical trial that uses and reuses the world's increasingly voluminous electronic medical
record data base. Needless to say, ontological and terminological standards are an absolute
prerequisite in the case of accessing clinical data as they are in the case of accessing medical
knowledge.
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Such an analysis would better identify meaningful [temporal] patterns and associations
within and among features of diseases such as diabetes, hypertension, cerebral stroke, AIDS,
etc. The goal would be to discover the “natural” course of such diseases, to identify
meaningful temporal clusters and patient types, to detect patterns predictive of certain
intermediate and final outcomes, to improve best practice guidelines (i.e., affect also the
procedural aspect of the Human Clinome library), and to enhance our epidemiological
knowledge and preventive care understanding.
Such a challenge requires and fosters close collaboration among clinicians, epidemiologists,
informaticians, mathematicians, computer scientists, biomedical engineers (consider the
effect of a “smart medical home” technology on the source of data available for such a
project), biologists, and other disciplines.
3) One aspect I would like to see better represented in the context of both individual and
public health care (and it could be eventually part of the universal procedural knowledge
base) is an emphasis on medical decision support that considers individual, customizable,
patient preferences as an inherent part of each decision that might include an option for
deliberative thinking.
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Examples include genetic consultation (e.g., the value of early knowledge of potential
serious disabilities of the baby, versus the risk of spontaneous abortion of a healthy baby),
therapy of hypercholesterolemia, hypertension, and depression, oncological care (e.g.,
weighing the benefits and costs of surgery, chemotherapy, and irradiation), and many other
situations that are not life-threatening in an immediate fashion, enable a certain amount of
deliberation on the side of the patient and care provider, and might be potentially affected by
patient preferences. Such an endeavor is not only useful; it is ethically imperative, even if
some of the patients might elect to not use it, delegating the responsibility of deciding on the
best course of action to their care provider [87].
Again, effective solution of such a challenging problem requires and fosters the
collaboration and deep mutual understanding of care providers, decision analysts, game
theorists, behavioral scientists, economists, computational scientists, and other medical,
engineering, and computational disciplines. Typical challenging research tasks include
finding and developing increasingly effective ways to elicit patient preferences [88], and
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efficiently integrating such preferences within the overall clinical and public health care
workflow [89].
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In summary, I welcome the discussion started by Kuhn et al. and its stimulating educational
implications, while suggesting a particular set of challenges that we might focus on,
especially in the area of enhancing our understanding of individual and population-based
patient care.

14. Collaboration of Specialists Is more Practical than to Find a Genius (by
Katsuhiko Takabayashi)
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Current medical and health care domains can be divided into several fields from molecular
medicine to public health and in each field informatics plays a significant role. Kuhn et al.
described precisely each relationship and explained the importance of interdisciplinary
collaboration and education in their review. Kuhn realized the substantial change from
hospital information systems to electric health records (EHRs) in the early days with
distinguished ability [90]. Here he classified informatics into four areas for corresponding
medicine and health care; bioinformatics and systems biology, informatics for biomedical
engineering, health informatics and eHealth, and public health informatics in order from the
point of micro to the mass world. In fact it is incredible to do without informatics in all
fields nowadays and he also provided their perspectives respectively.
As for bioinformatics and systems biology, there are large amounts of data in omic
(genomics, transcriptomics, proteomics and phenomics) world [91,92]. Because genomic
and proteomic data will explode to astronomical numbers of information in the very near
future, researchers cannot work without informatics to handle these data and to know their
relations. Since even SNPs which just express point mutations exist in one million per
person, or there are 22,000 genes and more than 100,000 proteomes, it is quite easy to
imagine numerous combinations existing between them to be explored. Thus sophisticated
and useful information technology and powerful software will contribute to a great progress
in molecular medicine. Especially data mining techniques [93] will be very useful tools for
translational research to connect omic data and clinical phenomenon or contribution to
diagnosis and selection of treatment with omics data. Therefore we must provide suitable
environments to use them [94]. As it will bring reasonable profits in this field, many
industries will emerge to deal with them as venture companies as in Silicon valley.
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Healthcare information is also a field for blue chip industries, because eHealth provides a
large portion of healthcare expenditure [95] in this decade as Kuhn mentioned. Electronic
medical records (EMRs) will certainly advance in the near future, and EHRs hold many
dreams as integration of not only EMR but also with many other health areas or even other
information not related to health. Some governments consider an electronic post office box
or an ATM card system for the integration of pensions, EMR of several hospitals, health
checkup data, health insurance and so on. This personal health records (PHR) concept [96]
is also open to industries as well, and all data of one individual about not only PHR but also
various information would be stored. Of course data of PHR must be strictly limited to
personal use because it includes confidential information. However, when some common
parts can be utilized as EHR in broad terms, it will be reutilized in many other ways apart
from personal use. To achieve it, preparing the rules and guidelines such as access control
[97] and protection systems of privacy as well as many sophisticated systems in compliance
with regulatory requirements are crucial. Additionally even after de-identification,
proprietary of the data to use is not clearly defined in law, though it is very important in the
near future for transverse study. If someone would not accept one's data to be used for such
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a study, it will make some bias in results. Therefore all data should be enrolled for special
studies, which is controversial in regard to individual rights.
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As Kuhn emphasized, digital data have become a core element of research, knowledge
generation and knowledge management. EMRs and EHRs are ultimate targets for automated
research like text mining [98]. We would find drug interactions or potential effects and side
effects quite easily from medical records with them. Sometimes we need the tools to
transform original data into other expressions in order to use them more easily. For example,
time-oriented clinical data such as laboratory findings or prescriptions will be perhaps
transformed into other expressions for easy manipulation and accurate enhancement of
clinical assessment such as temporal abstraction [99]. There are only few practical tools at
the moment but we will obtain universal tools after trial and error in the future. Moreover,
for these trials, we also need long data storage beyond facilities. With them we can complete
one's whole life data for PHR and also to compare with or integrate with omic (genome or
proteome) data, which will be a very strong method for translational studies. In these days
retrospective studies are not well estimated in medical journals. However when we expect
the effects or outcome of some treatment over the long term such as ten years or more, we
have to wait for the results many years, and expected results would not be obtained because
of changes of treatment or other circumstances in that period. From this point of view, the
retrospective study is very important and efficient when informatics can provide enough
huge data to be analyzed.
Public health informatics seems to have more weight than any informatics in other fields of
medicine or health care, because the results of analysis of information in this field directly
affects critical politics such as global warming, biofuels, or global food shortage, which
relates to the fate of humanity. Since public health informatics should include all
information comprehensively with absolute accuracy, it is expensive to create and maintain
vital information. Even though, we cannot completely entrust industries with these works,
because the results might be crucial in deciding our destiny.
Finally, in all informatics fields, data value increases when integrated under the guarantee of
their credibility in quality and they are now showing their whole appearance as the name of
truth in front of us by integrating. However they might be so huge like an ocean or a big
forest. Unless we have strong tools to discover their relations and offer them before us, we
cannot say that we can really see them, though it might be a vicious cycle between the data
and data mining tools.
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Kuhn mentioned how vital it is for generations of scientists who can combine knowledge
and skills from both medicine and informatics and emphasized the importance of the
interdisciplinary education in early phases as well as interdisciplinary collaboration. He
started to strengthen the collaboration and structured interdisciplinary education in
encompassing medicine, informatics, bioinformatics, biology and system biology,
engineering, health informatics and public health in Munich. In eastern Asian countries like
Japan, different environments from those of the European countries, most researches in
clinical medicine have been proceeding in the departments of medical informatics at
national university hospitals. They consist of medical doctors and specialists of informatics
or computer sciences and there were few departments for bioinformatics in other faculties.
This might mean that they are still in the course of western countries in the old days where
bioinformatics was not independent of medical school, or it might be as a result of different
historical perspectives. At any rate they can work together without any restraint in the
hospital at the moment. Some engineering students work together with medical doctors in
our department at the hospital. In other fields of medicine such as molecular medicine,
however, specialists for informatics come from school of engineering or physics. In
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summary, in eastern Asia, there is no strict boundary between specialties originated from
Meister system and they seem to have less difficulty to collaborate in clinical medicine.
Nevertheless it is not ideal because this is not intended systematized interdisciplinary
collaboration.
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Even in medicine or in informatics, there are no specialists in all fields, and therefore we
need teamwork collaboration between medical doctors and specialists for the informatics
field and others in various fields if necessary. There are a few people who are familiar with
both fields because of graduation from both medical school and faculty of engineering or
physics. However they are rare cases and even if one knows well in both fields, he cannot
surpass two specialists who collaborate well unless he is a real genius. There is a proverb in
Japan that god gives us only one talent. According to this proverb and taking into account of
the very small numbers of geniuses in the world, good and successful collaboration of
specialists of different disciplines will be more practical than to find a genius. One of the
purposes of multidisciplinary education is understanding one's colleagues' work as well as
knowing the position of one's specialty comprehensively in the beginning of one's education.
It is also important to learn about laws and ethics in the fields as general matters in this
education. Thus I believe most importantly that a key to success to collaborate in
information and medicine is mutual respectability and generosity to their colleagues in
different discipline. This spirit will be cultivated in early interdisciplinary education that
Kuhn proposed.

15. Strategic Thinking Is Needed, Cost when the Research Results Are
Transferred to Practice Is an Issue to Be Addressed (by Gio Wiederhold)
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The article by Kuhn et al. [1] is impressive in its comprehensiveness. It also is frightening.
The number of problems that require research, the multi-disciplinary cooperations needed to
be successful in the interaction of informatics and medicine, the difficulties of demonstrating
effectiveness, and the barriers to beneficial implementations are shown to be massive. While
there may indeed be an urgent need to transfer research results to practice, strategic thinking
is needed as well, as has been shown in simpler settings [100]. Cost is one issue to be
addressed. We expected in the past ratios of research projects efforts to practical
implementation to integration into practice of 1 : 7 : 25 [101], and little has been changed to
improve this ratio. Medical informatics will have to depend on progress in software
engineering to create usable software. We expect that new initiatives cited, as serviceoriented architectures, will improve software development, but an early reliance on a
technology that is not yet mature is currently frustrating efforts at the US Veterans Health
Administration systems to update their medical record system (VistA) [102]. It is purely a
coincidence, but also an illustration, that other Vistas are encountering development and
acceptance problems as well [103]. Medical informatics cannot supplant computer software
engineering (SWE) efforts but must take care in understanding when and what to exploit as
part of biomedical engineering (BME).
The total cost of software-based solutions in any setting has to be budgeted properly.
Computer science education serves us poorly there. Software maintenance costs run at about
15% of prior software investment costs and are due primarily to keep the software up-todate as the external world changes around us [104]. These maintenance costs over time
exceed initial development costs, and after some further time, exceed the benefits that
software provides. This fact is the major reason for closing down apparently successful
medical informatics projects, often surprising and frustrating the participants. Unfortunately,
we do not teach our SWE students how to plan for these costs, nor do we teach them how to
assess the potential economic benefits of the software [105].
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Replicating successful local systems has been difficult in the past and remains hard. Early
systems were tied to obsolescing technology, but more recent systems, as seen at Vanderbilt
and the Palo Alto Medical Foundation have not spawned successors either [106]. There is
more involved than technology, leadership is certainly one issue.
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The hard issues of economics are cited in the beginning and the end of the paper, but do not
pervade the discussions. The growth of IT spending at 12% year is taken as indication of
importance, but is also a rate which is unsustainable in relation to national expenses in any
country, especially as the support base of working taxable individuals decreases [1, Sec. 2
and Sec. 3.4.1]. At the same time the industrial tax base is diminishing, as companies find
ways to move their intellectual property and the profits derived from that IP to tax havens
with no or small health care costs [107]. Given the high cost of implementation, it is
important to focus on large and costly populations where actual cost reductions are possible,
an issue not always covered by cost-effectiveness arguments. Some disease-based categories
are well recognized now, as diabetes. However most diabetics present multiple problems,
are seen in diverse settings, and their records at each site tend to be incomplete. For
information integration there is a benefit in that members of that patient group tend to travel
less, so that local and regional integration can proceed before national and global record
integration is achieved, and economic benefits can be realized as well as improved care
[108]. The same pattern holds for many of the elderly population, who require a substantial
fraction of our health care services. Cost-effectiveness is stressed in the paper, but transfer to
practice requires a cost-benefit as well. That benefits are hard to demonstrate is recognized
in the paper, but must be sought.
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Moving to the opposite direction, personalized diagnoses and therapies, is an extremely
attractive goal. But given financial constraints, systems to bring research results will require
very careful strategies. How does one conduct clinical trials to determine efficacy of
personalized care protocols? Presenting findings to clinicians will require innovation.
Phrasing findings in terms of statistical evidence based on similar populations, as done now
for medical versus surgical treatment choices conveys little insight or trust. Can the findings
be conveyed using a “mechanistic” metabolic model, showing affected pathways[1, Sect.
3.1.3]? How can we present patient-specific information from probes [1, Sect. 3.2.1]? And
how should patients be informed of conditions for which no known intervention exists? In
general unfettered access to the patients' own medical information has been shown to be
beneficial, but customization has been recommended as well [109]. Any approach
supporting personalized treatment decisions requires novel software, incorporating
experience from many disciplines. Such software will require regular updating, since our
knowledge is bound to change for many years to come. How will software be maintained
when personalized experience differs? Who will maintain the software at a reasonable cost?
Cooperative approaches are recommended in Section 3. Bureaucrats indeed feel safer when
topics and funding can be constrained to recognized disciplines. Only if scientists and the
public experience benefits will existing regulations and legal frameworks that limit
interdisciplinary work be removed [1, Sec. 3.3.2]. Practical and beneficial examples will be
important. Figure 2 only links abstract concepts; lessons learned from actual projects are
needed as well. The gap between the “bench” and “bedside' communities is recognized.
Social expectations limit collaboration as well. There is a serious, but largely unrecognized
gap between the mathematically-based disciplines, where proofs, once validated, should
stand forever, and the biological disciplines, where experiments have to be repeated to cover
ever more of the variations that the living world presents. Scientists have at times disparaged
scientific approaches used by others as being either naïve or imprecise. Engendering
sympathy to the problems that both communities face in their research is a prerequisite to
achieve cooperation at the individual level, creating a model that can then move up the
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organizational ladders. My personal sense is that directives imposed from above, mandating
cooperation, do not create effective long-term collaborations.
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One barrier, recognized in the paper, to transition of research to practice are privacy
concerns [110]. Expecting guaranteed methods for securing privacy is too much to ask for
[1, Sec. 3.3.1]. Approaches as k-anonymity, while already problematic, assume that there is
no external information that can be exploited by an intruder. Lack of trust and the resulting
rules will continue to hinder beneficial applications of health care information systems
[Ness]. Involuntary adoption of EHR, as implied here, will cause politicians and the
administrating bureaucrats to mandate approaches to privacy protection that are based on
worst case scenarios, and give little choice to the patients. Questions posed in motivating
surveys often reveal a bias by the questioner. How questions are phrased makes a great deal
of difference, i.e. asking “Are you concerned about others accessing your private medical
records?” will elicit a different response than“Are you willing to share information from
your medical records so that others with similar problems can benefit?”. Some indication
about patients' attitudes about privacy will be gleaned from the acceptance of web-based
voluntary personal medical data systems, as Dossia, Google Health, and MS Healthvault.
While all of these promise privacy, individual with deep concerns are sure not to participate.
The immediate reason not to join is of course that with few participating health care
providers the benefits of entering data and links are minimal.
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In conclusion, even Norbert Wiener, cited in [1, Sect.2], will probably agree that we don't
have the capability to move most of our research results into practice, and not only because
of economic constraints. Our genetic and environmental history, even if it could be fully
captured, does not fully determine who we are. For instance, what our brains do with all the
inputs is yet quite un-known, and randomness remains [111]. Research is required to open
up possibilities. On the horizon are systems that help the clinicians and the patients to
interact effectively, to which research into the issues listed in this paper will contribute.
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Fig. 1.

Researchers per million inhabitants - year 2000 (source: National Research Foundation,
South Africa)
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Fig. 2.

Information and medicine: from atom to population
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Table 1

Researchers and GERD in developing and developed countries
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World population

World researchers

World GDP

World GERD

Developing countries

79%

28%

42%

20%

Developed countries

21%

72%

58%

80%

GERD = gross expenditure on research and development
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