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Abstract

Background: Chronic Obstructive Pulmonary Disease (COPD) is a major challenge for healthcare. Heterogeneities
in clinical manifestations and in disease progression are relevant traits in COPD with impact on patient
management and prognosis. It is hypothesized that COPD heterogeneity results from the interplay of mechanisms
governing three conceptually different phenomena: 1) pulmonary disease, 2) systemic effects of COPD and 3) co-
morbidity clustering.

Objectives: To assess the potential of systems medicine to better understand non-pulmonary determinants of
COPD heterogeneity. To transfer acquired knowledge to healthcare enhancing subject-specific health risk
assessment and stratification to improve management of chronic patients.

Method: Underlying mechanisms of skeletal muscle dysfunction and of co-morbidity clustering in COPD patients
were explored with strategies combining deterministic modelling and network medicine analyses using the
Biobridge dataset. An independent data driven analysis of co-morbidity clustering examining associated genes and
pathways was done (ICD9-CM data from Medicare, 13 million people). A targeted network analysis using the two
studies: skeletal muscle dysfunction and co-morbidity clustering explored shared pathways between them.

Results: (1) Evidence of abnormal regulation of pivotal skeletal muscle biological pathways and increased risk for
co-morbidity clustering was observed in COPD; (2) shared abnormal pathway regulation between skeletal muscle
dysfunction and co-morbidity clustering; and, (3) technological achievements of the projects were: (i) COPD
Knowledge Base; (ii) novel modelling approaches; (iii) Simulation Environment; and, (iv) three layers of Clinical
Decision Support Systems.

Conclusions: The project demonstrated the high potential of a systems medicine approach to address COPD
heterogeneity. Limiting factors for the project development were identified. They were relevant to shape strategies
fostering 4P Medicine for chronic patients. The concept of Digital Health Framework and the proposed roadmap
for its deployment constituted relevant project outcomes.

Introduction
Synergy-COPD (2011-14) [1] was an European Union pro-
ject, within a call dedicated to the Virtual Physiological
Human 7th Framework Program, conceived to explore the
potential of systems medicine to generate knowledge on
underlying mechanisms of chronic obstructive pulmonary
disease (COPD) heterogeneities observed in the patients
both in terms of clinical manifestations and disease pro-
gression [2,3]. A core component of the project was to

transfer of the acquired knowledge into the clinical arena
with a twofold purpose. Firstly, analysis of the role of a
systems approach to COPD heterogeneity to enhance
individual health risk assessment and stratification leading
to innovative patient management strategies. The second
purpose was to identify novel modalities for the interplay
between healthcare and biomedical research aiming at
fostering deployment of 4P Medicine for patients with
chronic disorders [4-6]. Ultimately, Synergy-COPD was
designed to generate outcomes in three different dimen-
sions: (i) biomedical area; (ii) information and communica-
tion technologies (ICT); and, (iii) transfer into healthcare.

* Correspondence: fmiralles@bdigital.org
1Barcelona Digital Technology Centre, Barcelona, Spain
Full list of author information is available at the end of the article

Miralles et al. Journal of Translational Medicine 2014, 12(Suppl 2):S12
http://www.translational-medicine.com/content/12/S2/S12

© 2014 Miralles et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

mailto:fmiralles@bdigital.org
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


Biomedical area - The central biomedical hypothesis
in Synergy-COPD was that the classical “spill over” theory
[7,8] supporting that COPD heterogeneity is driven by the
pulmonary events of the disease is not valid. Alternatively,
we proposed that COPD heterogeneities result from the
interplay of mechanisms governing three conceptually dif-
ferent phenomena: 1) pulmonary disease, 2) systemic
effects of COPD and 3) co-morbidity clustering, each of
them with their own dynamics. To this end, a network
medicine approach [9-11] was used to investigate the
underlying mechanisms of two different actionable phe-
nomena showing negative impact on prognosis of COPD
patients: (i) skeletal muscle dysfunction/wasting, as a hall-
mark of systemic manifestations of the disease [12]; and,
(ii) co-morbidity clustering in these patients [13-15]. Two
subsidiary biomedical aims were: (i) to explore shared
abnormalities between the two phenomena, skeletal mus-
cle dysfunction and risk of co-morbidity clustering; and,
(ii) to investigate the relationships between skeletal muscle
dysfunction and nitroso-redox disequilibrium [12] with
focus on assessing the potential of a quantitative analysis
of the relationships between cellular hypoxia and abnor-
mal reactive oxygen species (ROS) generation.
Targeted ICT developments - Three well differen-

tiated ICT developments were carried out during the pro-
ject lifetime. Firstly, the COPD Knowledge-Base (COPDkb)
from clinical and experimental data, text-mining results
and public databases [16]. The COPDkb combines genetic
information with molecular, physiological and clinical data.
It provides data integration and semantic mapping con-
nected with mathematical modelling and the Simulation
Environment [17]. The second group of ICT developments
was associated with different types of mathematical model-
ling [18] aiming at addressing the biomedical questions
alluded to above. They encompassed different types of: (i)
qualitative and semi-quantitative network analyses; (ii) clas-
sical mechanistic modelling based on ordinary differential
equations (ODE), as well as (iii) research on the interplay
between network analysis and mechanistic modelling. The
third ICT product was the Simulation Environment (SE)
[17] aiming at supporting biomedical researchers to con-
currently run heterogeneous modelling approaches that
may have complementary roles in exploring a given biome-
dical phenomenon.
Transfer to healthcare - A last and most important

aspect of the project was the transfer of the acquired
knowledge, as novel rules for patient management, into
the clinical practice through the generation of clinical
decision support systems (CDSS) embedded into the
clinical processes defined within different integrated
care services (ICS) for chronic patient management
[19,20]. The project also assessed two different deploy-
ment strategies for these CDSS, in Barcelona and in the
United Kingdom.

The ambition of Synergy-COPD, and the complexities
faced during the project lifetime, generated deviations
from the initial working plans and forced subsequent
adaptations that often resulted in an added value for the
entire operation. It is of note that the triggering factors
generating project deviations covered a wide spectrum
of characteristics that are systematically addressed
below. The current manuscript: (i) summarizes the main
outcomes of Synergy-COPD; (ii) analyses the lessons
learnt during the project lifetime; (iii) identifies some of
the key challenges to be faced for a successful imple-
mentation of 4P medicine for chronic patients; and,
(iv) characterizes opportunities for further developments
in systems medicine.

Biomedical outcomes
The central biomedical hypothesis has been described
above and it was extensively presented in [19,21]
wherein COPD heterogeneity is analysed in detail. The
biomedical rationale of the entire project was based on
the results of an unbiased clustering analysis of approxi-
mately 342 clinically stable COPD patients characterized
after their first hospitalization and followed-up during a
5-year period [22]. The PAC_COPD study [22] identi-
fied and prospectively validated three COPD subtypes:
(i) Group I, severe respiratory COPD; (ii) Group II,
moderate respiratory COPD patients in whom the most
distinctive trait was a dissociation between severe
emphysema score together with mild to moderate air-
way remodelling leading and moderate airflow limita-
tion, as expressed by forced expiratory volume during
the first second (FEV1); and, (iii) Group III, including
COPD patients in whom the most characteristic trait
was co-morbidity clustering, mainly cardiovascular dis-
orders (CVD), type II diabetes mellitus (T2DM) often
accompanied by metabolic syndrome (MS). It is of note
that skeletal muscle dysfunction was a transversal char-
acteristic with patients distributed in all three PAC_
COPD groups [22]. The main biomedical findings of the
studies carried out in Synergy-COPD were:
Abnormal regulation of relevant skeletal muscle

biological pathways - Integrative multilevel analyses of
skeletal muscle of healthy subjects and COPD patients
[23-26] including different “omics” layers (transcriptomics,
epigenetics, proteomics and metabolomics), physiological
characteristics and clinical information generated strong
evidence of abnormal regulation of muscle bioenergetics
both at baseline and, in particular, after the perturbation
of the biological system by a standard endurance training
protocol. Abnormal training-induced adaptations were
observed at several different levels of the mitochondrial
respiratory chain, but also in the interplay between oxida-
tive and glycolytic pathways, as well in fatty acids metabo-
lism. The network analysis indicated abnormalities in key
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metabolic pathways governing skeletal muscle bioener-
getics [24] and ribosome biogenesis [27] such as mTOR
[12,28-30] and its interplay with insulin signalling pathway
[31]. Interestingly, the different analyses carried out in
COPD patients consistently showed abnormal relation-
ships between cytokines and tissue remodelling at baseline
and after training [24,32].
Increased risk of co-morbid conditions in COPD

patients - Using 13 million health records from U.S.
Medicare [33,34], the project identified 27 disease groups
(DG) with significantly elevated risks to co-occur with
COPD that increased with ageing. These groups included
both well-established associations like CVD or lung can-
cer, but also unexpected ones, like digestive track disor-
ders, that could be interesting candidates for more
focused follow-up investigations. For each DG, we con-
structed a comprehensive list of known associated genes
from the literature and by performing a pathway enrich-
ment analysis a number of pathways that are shared
between different disease groups were identified, suggest-
ing that the observed co-morbidities are indeed rooted in
shared molecular mechanisms. By further inspecting the
genes within prevalent pathways, the project was able to
identify a number of genes with the potential to charac-
terize COPD co-morbidities. On-going analyses on
potential biomarkers predicting the level of co-morbidity
remain to be validated in further studies.
Overall, the biomedical results seem to support the

central hypothesis of the project indicating that abnor-
mal regulation of pivotal pathways at systemic level can
contribute to both co-morbidity clustering and skeletal
muscle dysfunction in these patients. Moreover, the ana-
lyses support a potential causal role for nitroso-redox
disequilibrium contributing [35] to the abnormal path-
way regulation as observed in COPD. Accordingly, indi-
vidual susceptibility to deregulation of metabolic
pathways, together with potential epigenetic mechanisms
likely associated with aerobic capacity, may play a role
modulating both systemic effects and co-morbidity clus-
tering in these patients, beyond well known risk factors
such as tobacco smoking. Despite that the results from
different animal experiments carried out during the pro-
ject lifetime support the above interpretations of the
current results, we fully acknowledge that further valida-
tion of the current speculations is required before we
move to transfer of knowledge into the clinical scenario,
as discussed in the following sections of the current
manuscript.
An ancillary aim of the project was the analysis of

group II of the PAC_COPD study [22] using the
mechanistic model of pulmonary spatial heterogeneities
as described in [19] and in [36] in order to generate
rules for identification of this subset of COPD patients
in primary care. The rationale behind this approach is

that this subset of COPD patients could be a candidate
for screening programs for early diagnosis of lung can-
cer which is one of the priorities in respiratory medi-
cine. The literature appears to indicate that dissociation
between high emphysema score and mild airway remo-
delling is associated with a higher probability of devel-
oping lung cancer [37,38]. Unfortunately, the maturity
of the modelling development did not allow completion
of the analyses as initially planned.

Targeted ICT developments
COPD knowledge base (COPDkb) - During the project
lifetime, the COPDkb [16,39] has been extended to inte-
grate over 40 public data sources on functional interac-
tion (e.g. signal transduction, transcriptional regulation,
protein-protein interaction, gene-disease association).
Also, integration of COPD-specific expression and co-
morbidity networks connecting over 6.000 genes/proteins
with physiological parameters and disease states has been
accomplished. Three mathematical models describing
different aspects of systemic effects of COPD were con-
nected to clinical and experimental data. The technical
architecture of the user interface was enhanced in order
to provide browser-based access and form-based
searches, as described in detail in [39]. A network search
enables the use of interconnecting information and the
generation of disease-specific sub-networks from general
knowledge. Integration with the Synergy-COPD Simula-
tion Environment [17] enables multi-scale integrated
simulation of individual computational models. The cur-
rent COPDkb [39] is the only publicly available knowl-
edge resource dedicated to COPD which combines
genetic information with molecular, physiological and
clinical data, as well as mathematical modelling. Its inte-
grated analysis functions provide overviews about clinical
trends and connections while its semantically mapped
content enables complex analysis approaches. The
COPDkb has been planned to be offered as a repository
to publish and semantically integrate data from relevant
clinical trials. It is currently freely available after registra-
tion at www.copdknowledgebase.eu.
Modelling achievements - The project combined sev-

eral modelling approaches, probabilistic [40] and mechan-
istic [41-43], to address the three biomedical analyses
alluded to above, namely: (i) skeletal muscle dysfunction;
(ii) co-morbidity clustering, as well as (iii) group II from
the PAC_COPD study [22], as indicated in [19]. Moreover,
novel modelling techniques, Bayesian analyses [44] and
Thomas network formalism [45,46], addressing the inter-
play between probabilistic and mechanistic modelling
were explored aiming at expanding the potential of future
systems-oriented analyses of biological phenomena. A
detailed description of the project’s achievements in this
area can be found in [18].
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All in all, both the modelling developments and the
strategies adopted showed to be useful to explore the bio-
medical challenges of the project and to identify potential
biomarkers. Moreover, the interplay between the two
main modelling strategies indicate the potential of prob-
abilistic modelling, Thomas formalism [45,46], to contri-
bute to parameter refinement in mechanistic modelling
(e.g. enhanced parameter estimation for mitochondrial
function in the integrated model, [18]. Also, predictive
modelling showed potential to assess the multi-scale
impact of the outcomes generated by mechanistic model-
ling (e.g. consequences of abnormally high mitochondrial
ROS generation on inflammatory responses or tissue
remodelling). However, some limitations in modelling
developments and in their clinical impact due to different
reasons shall be acknowledged. Main lessons learnt in
this area, as well as the associated challenges identified
during the project lifetime are described in the following
section of the current manuscript.
Simulation environment - It was developed as a sup-

porting tool for bio-researchers aiming at studying
COPD by running concurrent computational models.
The Simulation Environment is composed of two main
modules to control and coordinate information-related
processes. One of these modules is the graphical visuali-
zation environment, the interface through which the
user interacts with the models. The other module is the
simulation workflow management system. Detailed func-
tionalities and interoperability with the COPDkb are
described in detail in [39]. Lessons learnt through the
assessment of the Simulation Environment are also dis-
cussed in the following section.

Transfer to healthcare
As indicated above and described in detail in [18], the
modelling achievements of the project were far from
being mature for clinical application, such that subject-
specific predictive modelling generating rules to directly
feed clinical decision support systems (CDSS) could not
be developed, as initially planned. However, the research
team agreed that the main objectives of the transfer to
healthcare could be achievable by combined consoli-
dated knowledge on COPD with emerging knowledge
from the project. The latter, despite the lack of proper
validation, could be useful to generate CDSS aiming at
filling well identified clinical gaps. It is fully acknowl-
edged that those CDSS should be further evaluated for
clinical use beyond the project lifetime. As discussed in
the following section, the strategy finally adopted
allowed to overcome some of the limitations of the
modelling and facilitated the identification of key bottle
necks for future implementation of 4P medicine.
The research team identified two main areas to be

considered under the current subheading analysing the

transfer to healthcare: (i) steps associated to CDSS genera-
tion and deployment; and, (ii) factors modulating the
interplay between healthcare and systems-oriented biome-
dical research.
Generation of CDSS in Synergy-COPD - The follow-

ing three main steps should be considered for the devel-
opment of CDSS: (i) generation of the rules feeding each
CDSS either automatically from computer modelling
and/or through the rationale provided by existing knowl-
edge; (ii) clinical validation and acceptability of the rules
by the clinical users; and (iii) interoperability with the
ICT platform supporting integrated care services (ICS)
implying that the CDSS are embedded into the clinical
process and show both usability and applicability. In the
project, three different families of CDSS, encompassing:
(i) diagnosis; (ii) stratification; and (iii) management of
COPD with a patient-oriented approach, were conceived
with different degrees of development and validation.
Firstly, the suite of CDSS included under the umbrella of

the COPD case finding program covers four well defined
aims: (i) articulates informal care (pharmacy offices) and
formal care (primary care) for early diagnosis of COPD,
(ii) ensures remote, web-supported, quality control of
testing and assistance to non-specialized professionals;
(iii) provides accessibility and interoperability of the testing
across healthcare tiers; and, (iv) explores the potential for
both regional deployment of the forced spirometry testing
program, as well as generalization of the approach to
other testing procedures to enforce the transfer of com-
plexity to primary care and to the community. To this
end, developments done within Synergy-COPD were
articulated with achievements from previous deployment
projects [47,48] which demonstrated to be highly produc-
tive. Briefly, all key aspects of the COPD case finding
program had both qualitative and robust quantitative eva-
luations, as reported in [20]. The regional deployment of
the program in Catalonia was initiated by November 2013
and its complete clinical validation through a large cluster
RCT is expected to be completed by the end of 2015.
A second block corresponds to the suite of CDSS

enhancing applicability of the 2011 GOLD update [19,20],
as well as proposals for stratification of COPD patients.
These CDSS are addressing three main goals: (1) applic-
ability of GOLD within an integrated electronic health
record; (ii) facilitate future comparative analyses among
different approaches for assessing health risk in COPD
and deciding on subject-specific stratification; and, (iii)
address early disease interventions with emphasis on life-
style being physical activity, nutrition and enhanced adher-
ence through self-management the target ones. In sum-
mary, this suite of CDSS should support the design of
early cost-effective interventions with preventive purposes,
facilitate the interplay between community (informal care),
primary care and with specialized professionals. This
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family of CDSS was conceptually developed and qualita-
tively assessed, but it is not technological in place mainly
because deployment is modulated by two main on-going
processes: (i) build-up consensus among primary care
teams; and, (ii) achievement of interoperability at health
system levels. Finally, the third block of CDSS corresponds
to community-based management of patients with
advanced disease stages currently in the pipeline for regio-
nal deployment. The three layers of CDDS provide a
coherent spectrum of actions enhancing management of
chronic patients.
Interplay between healthcare and systems-oriented

biomedical research - The project identified that
deployment of 4P medicine involving implementation of
sound strategies for patient health risk assessment and
stratification generating two key requirements. Firstly,
articulation between informal care and healthcare allow-
ing incorporation of non-clinical information into
patient management; that is, data on patient adherence
profile, lifestyle (physical activity, nutritional habits,
addictions), social support needs, environmental and
societal factors that have a well accepted impact on
health status and survival. The use of the personal
health folder (PHF) enriched with accredited, custo-
mized apps that are properly interoperable with the
electronic health record (EHR) may cover a twofold aim:
(i) articulation of non-clinical and clinical information;
and, (ii) empower patients for self-management.
A second major requirement is the articulation of the

scenario described above (PHF + EHR) with a novel
type of systems-oriented biomedical research platform
ensuring continuous cross-fertilization between research
and patient care. This ideal setting would cover both
incorporation of non-biomedical data into predictive
modelling and provide dynamic modelling approaches
that should facilitate the way toward truly personalized
medicine. Such a proposal has been described in more
detail in [6], under the concept of Digital Health Frame-
work (DHF), wherein the roadmap for its stepwise
deployment is analysed.

Main challenges beyond Synergy-COPD
Major lessons learnt from the analysis of the limitations
faced during the development of the project can be
grouped in three major clusters: (i) available datasets;
(ii) maturity of the field; and, (iii) need for societal
changes. The assessment of these three areas helped to
identify major challenges to be faced beyond Synergy-
COPD:
Available datasets - Despite the current exponential

generation of large amounts of biomedical data of different
nature, several factors associated to availability of appro-
priate datasets have limited the transfer of the project

outcomes on mechanisms of skeletal muscle dysfunction
and co-morbidity clustering closer to clinical application.
The following limiting aspects were identified: (i) the frag-
mented nature of the available datasets; (ii) insufficient
context-specific information; and, (iii) the lack of large
datasets with proper experimental designs including multi-
level “omics” information and clinically-driven hypotheses.
Additional problems encountered throughout the pro-

ject lifetime have been: (i) insufficient harmonization of
medical coding across countries and within large longitu-
dinal datasets [49-51]; (ii) gaps in semantic interoperability
with large variations in disease definitions and coding;
(iii) publicly available information biased toward well
established and expected diseases and their underlying
mechanisms [52-54]; (iv) lack of multilevel “omics” infor-
mation bridging between GWAS information and pheno-
typic characterization [55]; and, (v) lack of accompanying
non-clinical information (environmental, lifestyle, socioe-
conomic factors) in bio-banking data. In summary, the
characteristics of the available datasets had a negative
impact on the project precluding the generation of sub-
ject-specific predictive modelling. But, they also consti-
tuted a limitation to validate the explored novel modelling
approaches (e.g. Bayesian analysis and Thomas formalism)
that should facilitate the interplay between probabilistic
and mechanistic modelling for further characterization of
complex biological processes. In this regard, policies
promoting data-sharing are highly recommended.
Maturity of the field - Mechanistic modelling techni-

ques have shown usefulness to characterize biological
mechanisms and to provide quantitative assessment of the
phenomena analysed [18], but they have serious limita-
tions to address complex biological phenomena. In con-
trast, network medicine approaches [34,40] based on
statistical predictive models [56,57] seem suitable to
address complex biomedical phenomena when large
amount of data are available. Moreover, high-throughput
analysis [58,59] have shown that canonical analysis of bio-
logical pathways is too simplistic not reflecting the real
complexity of interconnectedness of biological networks
[60]. It is of note, however, that the high expectations gen-
erated by emerging high-throughput methods are not
balanced by a sufficient degree of maturity yet [61,62].
Societal changes - The project clearly identified that

major organizational and technological changes are
required to pave the way for a credible transition toward
4P medicine. Some of the key requirements for such a
transition are described in [6] within the concept of Digi-
tal Health Framework. But, cultural factors such as: (i)
workforce preparation, (ii) evolving concepts in terms of
ethical factors relative to privacy of information transfer
and information sharing; and, (iii) development of novel
business environments fulfilling the requirements of the
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novel scenario are relevant elements to be taken into
account in the definition of strategies leading to a suc-
cessful implementation of the change.
It must be emphasized that the identification of the

limiting elements alluded to above does not define at all
a negative landscape for systems-oriented research in
the biomedical area. On the contrary, one of the most
important outcomes of Synergy-COPD has been the
identification of the challenges to be faced and the defi-
nition of innovative strategies to adequately overcome
the limiting factors alluded to above that should lead to
unprecedented developments in the medical practice.

Opportunities identified during the project
lifetime
A profound change in the health paradigm is being fos-
tered by the convergence of three major driving forces ori-
ginated by the needs for: (i) coping with the epidemics of
chronic conditions through implementation of the
Chronic Care model; (ii) achieving cost-containment of
healthcare through generation of health efficiencies; and,
(iii) transferring to clinical practice a mechanisms-based
approach to disease based on systems medicine [9,63]. All
in all, the emerging scenario is exceedingly favourable for
the convergence between integrated care and systems
medicine as an efficient way to accelerate a mature deploy-
ment of 4P medicine for chronic patients. The outcomes
of the Synergy-COPD project clearly reinforce such an
orientation for future developments in the field.
The acknowledgment of the complexities faced during

the project lifespan delineates the need for planning a
building-blocks strategy in future endeavours designed to
achieve further progress in the area. Moreover, the con-
cept of Digital Health Framework provides the rationale
for prioritization of the ICT developments, as identified in
the proposed roadmap for the deployment.
It is currently well accepted that the Chronic Care

model through deployment of integrated care services sup-
ported by information and communication technologies
(ICS_ICT) can contribute to enhance health outcomes
without increasing overall costs of the health system. Such
a generation of healthcare efficiencies is partly achieved by
the transfer of complexities from specialized to primary
care and to the community. It is reasonable to hypothesize
that the generation of health efficiencies can be markedly
boosted by: (i) promoting a more active role of citizens,
patients and carers in self-management and co-design of
the services; and, (ii) fostering cost-effective preventive
strategies aiming at modulating disease progress. These
two strategic proposals require adoption of the novel
health paradigm that involves bridging traditional health-
care delivery (i.e. formal care) and informal care (e.g.
patient self-management, wellness programs, social care,
etc.) through adoption of citizen’s (patient’s) personal

health records as management tools. In this new scenario,
the correct articulation of patient gateways and mobile
devices (mHealth) [64] is promising to empower, for the
first time, an efficient channel enhancing accessibility to
the health system, facilitating monitoring and including
patient’s behavioural and environmental factors into health
management. The ultimate goal of patient gateways is to
support cost-effective preventive interventions to modu-
late the evolution of the disease which might represent tre-
mendous sources of efficiencies if in-place.
Moreover, the analysis of the lessons learnt during the

Synergy-COPD project facilitates the identification of
specific challenge-driven opportunities in all the areas
described above. A proper prioritization of future actions
following the general recommendations generated by the
project should contribute to make 4P medicine for
chronic patients a successful reality.

Conclusions
The Synergy-COPD project has demonstrated that a sys-
tems-oriented research on COPD heterogeneity gener-
ated novel knowledge, not achievable through classical
methods. In the project, COPD was targeted as a use
case because of the high prevalence and impact of the
disease, as well as the relevance of COPD heterogeneity
for subject-based health risk assessment and stratification
in the clinical arena. Moreover, COPD showed an ele-
vated potential for generalization of the research findings
to other prevalent chronic disorders.
The concept of Digital Health Framework developed in

the project and the roadmap for its implementation
involves an overall strategy for the transition from current
healthcare practice to a novel scenario fostering cross-talk
between informal care, healthcare system and systems-
oriented biomedical research that shall facilitate implemen-
tation of 4P medicine for chronic patients.

Competing interests
The authors declare they have no competing interests.

Declarations
Publication of this article has been funded by the Synergy-COPD European
project (FP7-ICT-270086).
This article has been published as part of Journal of Translational Medicine
Volume 12 Supplement 2, 2014: Systems medicine in chronic diseases: COPD
as a use case. The full contents of the supplement are available online at
http://www.translational-medicine.com/supplements/12/S2.

Authors’ details
1Barcelona Digital Technology Centre, Barcelona, Spain. 2Unit of
Computational Medicine, Department of Medicine, Center for Molecular
Medicine, Karolinska Institutet, Karolinska University Hospital, Stockholm,
Sweden. 3IDIBAPS, Hospital Clínic. Departament de Medicina. Facultat de
Medicina and Departament de Bioquimica i Biologia Molecular, Facultat de
Biologia. Universitat de Barcelona. Barcelona, Spain. 4Departament de
Bioquimica i Biologia Molecular i IBUB, Facultat de Biologia, Universitat de
Barcelona, 08028 Barcelona, Spain. 5CIBERES. Centro de Investigación en Red
de Enfermedades Respiratorias (CibeRes), Palma de Mallorca. 6Departament

Miralles et al. Journal of Translational Medicine 2014, 12(Suppl 2):S12
http://www.translational-medicine.com/content/12/S2/S12

Page 6 of 8

http://www.translational-medicine.com/supplements/12/S2


d’Enginyeria Telemàtica (ENTEL), Universitat Politècnica de Catalunya, C/Jordi
Girona, 1-3, C3, 08034 Barcelona, Catalonia Spain.

Published: 28 November 2014

References
1. Synergy-COPD: Modelling and simulation environment for systems

medicine: Chronic obstructive pulmonary disease (COPD) as a use case.,
FP7-ICT-270086 2011-2014.

2. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A,
Barnes PJ, Fabbri LM, Martinez FJ, Nishimura M, et al: Global strategy for
the diagnosis, management, and prevention of chronic obstructive
pulmonary disease: GOLD executive summary. American journal of
respiratory and critical care medicine 2013, 187:347-365.

3. Vestbo J, Agusti A, Wouters EF, Bakke P, Calverley PM, Celli B, Coxson H,
Crim C, Edwards LD, Locantore N, et al: Should we view chronic
obstructive pulmonary disease differently after ECLIPSE? A clinical
perspective from the study team. American journal of respiratory and
critical care medicine 2014, 189:1022-1030.

4. Bousquet J, Anto J, Sterk P, Adcock I, Chung K, Roca J, Agusti A,
Brightling C, Cambon-Thomsen A, Cesario A, et al: Systems medicine and
integrated care to combat chronic noncommunicable diseases. Genome
medicine 2011, 3:43.

5. Hood L, Auffray C: Participatory medicine: a driving force for
revolutionizing healthcare. Genome medicine 2013, 5:110.

6. Cano I L-AM, Gomez-Cabrero D, Maier D, Kalko S, Cascante M, Tégner J,
Miralles F, Herrera D, Roca J, Synergy COPD consortium: Biomedical
Research in a Digital Health Framework. BMC Journal of Translational
Medicine 2014.

7. Barnes PJ, Celli BR: Systemic manifestations and comorbidities of COPD.
European Respiratory Jornal 2009, 33:1165-1185.

8. Sinden NJ, Stockley RA: Systemic inflammation and comorbidity in COPD:
a result of ‘overspill’ of inflammatory mediators from the lungs? Review
of the evidence. Thorax 2010, 65:930-936.

9. Loscalzo J, Barabasi AL: Systems biology and the future of medicine. Wiley
Interdiscip Rev Syst Biol Med 2011, 3:619-627.

10. Handy DE, Loscalzo J, Leopold JA: Systems analysis of oxidant stress in
the vasculature. IUBMB life 2013, 65:911-920.

11. Silverman EK, Loscalzo J: Network medicine approaches to the genetics
of complex diseases. Discovery medicine 2012, 14:143-152.

12. Maltais F, Decramer M, Casaburi R, Barreiro E, Burelle Y, Debigare R,
Dekhuijzen PN, Franssen F, Gayan-Ramirez G, Gea J, et al: An official
american thoracic society/european respiratory society statement:
update on limb muscle dysfunction in chronic obstructive pulmonary
disease. American journal of respiratory and critical care medicine 2014, 189:
e15-62.

13. Divo M, Cote C, de Torres JP, Casanova C, Marin JM, Pinto-Plata V, Zulueta J,
Cabrera C, Zagaceta J, Hunninghake G, Celli B: Comorbidities and risk of
mortality in patients with chronic obstructive pulmonary disease.
American journal of respiratory and critical care medicine 2012, 186:155-161.

14. Vanfleteren LE, Spruit MA, Groenen M, Gaffron S, van Empel VP,
Bruijnzeel PL, Rutten EP, Op ‘t Roodt J, Wouters EF, Franssen FM: Clusters
of comorbidities based on validated objective measurements and
systemic inflammation in patients with chronic obstructive pulmonary
disease. American journal of respiratory and critical care medicine 2013,
187:728-735.

15. Fabbri LM, Beghe B, Agusti A: COPD and the solar system: introducing
the chronic obstructive pulmonary disease comorbidome. American
journal of respiratory and critical care medicine 2012, 186:117-119.

16. Maier D, Kalus W, Wolff M, Kalko SG, Roca J, Marin de Mas I, Turan N,
Cascante M, Falciani F, Hernandez M, et al: Knowledge management for
Systems Biology a general and visually driven framework applied to
translational medicine. BMC systems biology 2011, 5:38.

17. Huertas Migueláñez M, Mercedes MD, Isaac Cano, Dieter Maier,
David Gomez-Cabrero, Magi Lluch-Ariet, Felip Miralles: Simulation
Environment and Graphical Visualization Environment: a COPD use-case.
BMC Journal of Translational Medicine 2014, 12(S2):S7.

18. Gomez-Cabrero D MJ, Cano I, Abugessaisa I, Huertas-Migueláñez M, Tenyi A,
Marin de Mas I, Kiani N, Marabita F, Falciani F, Burrowes K, Maier D,
Wagner P, Selivanov V, Cascante M, Roca J, Barabási A, Tegnér J: Systems

Medicine: from molecular features and models to the clinic in COPD.
BMC Journal of Translational Medicine 2014, 12(S2):S4.

19. Roca J VC, Cano I, Selivanov V, Barreiro E, Maier D, Falciani F, Wagner P,
Cascante M, Garcia-Aymerich J, Kalko S, Marin I, Tegner J, Escarrabill J,
Agustí A, Gomez-Cabrero D, Synergy COPD consortium: Challenges for
Health Risk Assessment, Stratification and Management. BMC Journal of
Translational Medicine 2014.

20. Velickovski FCL, Roca J, Burgos F, Galdiz J, Nueria M, Lluch Ariet M: Clinical
Decision Support Systems (CDSS) for preventive management of COPD
patients. BMC Journal of Translational Medicine 2014, 12(S2):S9.

21. Gomez-Cabrero D L-AM, Tegner J, Cascante M, Miralles F, Roca J, Synergy-
COPD consortium: Synergy-COPD: A systems approach for understanding
and managing Chronic Diseases. BMC Journal of Translational Medicine
2014, 12(S2):S2.

22. Garcia-Aymerich J, Gomez FP, Benet M, Farrero E, Basagana X, Gayete A,
Pare C, Freixa X, Ferrer J, Ferrer A, et al: Identification and prospective
validation of clinically relevant chronic obstructive pulmonary disease
(COPD) subtypes. Thorax 2011, 66:430-437.

23. BioBridge: Integrative Genomics and Chronic Disease Phenotypes:
modelling and simulation tools for clinicians., FP6-2005-LIFESCIHEALTH-7.
Grant agreement nº 037909; 2006-2009.

24. Turan N, Kalko S, Stincone A, Clarke K, Sabah A, Howlett K, Curnow SJ,
Rodriguez DA, Cascante M, O’Neill L, et al: A systems biology approach
identifies molecular networks defining skeletal muscle abnormalities in
chronic obstructive pulmonary disease. PLoS Comput Biol 2011, 7:
e1002129.

25. Rodriguez DA, Kalko S, Puig-Vilanova E, Perez-Olabarria M, Falciani F, Gea J,
Cascante M, Barreiro E, Roca J: Muscle and blood redox status after
exercise training in severe COPD patients. Free radical biology & medicine
2012, 52:88-94.

26. Rodriguez DA GA-V, Diaz-Moralli S, Reed M, Gomez FP, Falciani F,
Günther U, Roca J, Cascante M: Plasma metabolic profile in COPD
patients: effects of exercise and endurance training. Metabolomics 2012,
8:508-516.

27. Thomson E, Ferreira-Cerca S, Hurt E: Eukaryotic ribosome biogenesis at a
glance. J Cell Sci 2013, 126:4815-4821.

28. Laplante M, Sabatini DM: mTOR signaling in growth control and disease.
Cell 2012, 149:274-293.

29. Schieke SM, Finkel T: Mitochondrial signaling, TOR, and life span. Biol
Chem 2006, 387:1357-1361.

30. Schieke SM, Phillips D, McCoy JP, Aponte AM, Shen RF, Balaban RS, Finkel T:
The mammalian target of rapamycin (mTOR) pathway regulates
mitochondrial oxygen consumption and oxidative capacity. J Biol Chem
2006, 281:27643-27652.

31. Saltiel AR, Kahn CR: Insulin signalling and the regulation of glucose and
lipid metabolism. Nature 2001, 414:799-806.

32. Davidsen PK HJ, Antczak P, Clarke K, Ferrer E, Peinado VI, Gonzalez G,
Roca J, Egginton S, Barberá JA, Falciani F: A systems biology approach
reveals a link between systemic cytokines and skeletal muscle energy
metabolism in a rodent smoking model and human COPD. Genome
Medicine 2014, 6:59.

33. Hidalgo CA, Blumm N, Barabási A-L, Christakis NA: A Dynamic Network
Approach for the Study of Human Phenotypes. PLoS Comput Biol 2009, 5:
e1000353.

34. Goh KI CM, Valle D, Childs B, Vidal M, Barabasi LA: The human disease
network. Proceedings of the National Academy of Sciences of the United
States of America 2007, 104:6.

35. Hare JM: Nitroso-Redox Balance in the Cardiovascular System. New
England Journal of Medicine 2004, 351:2112-2114.

36. Burrowes Kelly S DT, Brightling C: Computational modelling of the
obstructive lung diseases asthma and COPD. BMC Journal of Translational
Medicine 2014.

37. de-Torres JP, Blanco D, Alcaide AB, Seijo LM, Bastarrika G, Pajares MJ, Munoz-
Barrutia A, Ortiz-de-Solorzano C, Pio R, Campo A, et al: Smokers with CT
detected emphysema and no airway obstruction have decreased plasma
levels of EGF, IL-15, IL-8 and IL-1ra. PloS one 2013, 8:e60260.

38. de-Torres JP, Casanova C, Marin JM, Zagaceta J, Alcaide AB, Seijo LM,
Campo A, Carrizo S, Montes U, Cordoba-Lanus E, et al: Exploring the
impact of screening with low-dose CT on lung cancer mortality in mild
to moderate COPD patients: a pilot study. Respiratory medicine 2013,
107:702-707.

Miralles et al. Journal of Translational Medicine 2014, 12(Suppl 2):S12
http://www.translational-medicine.com/content/12/S2/S12

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/22878278?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22878278?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22878278?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24552242?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24552242?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24552242?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21745417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21745417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24360023?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24360023?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20627907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20627907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20627907?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21928407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24265198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24265198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22935211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22935211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24787074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24787074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24787074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24787074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22561964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22561964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23392440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23392440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23392440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23392440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22798411?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22798411?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21375767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21375767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21375767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21177668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21177668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21177668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21909251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21909251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21909251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22064359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22064359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24172536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24172536?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22500797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17081107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16847060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16847060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11742412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11742412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25228925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25228925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25228925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19360091?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19360091?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15533853?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23577098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23577098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23577098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23465176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23465176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23465176?dopt=Abstract


39. Cano I, Tényi Á, Schueller C, Wolff M, Huertas MM, Gomez-Cabrero D,
Antczak P, Roca1 J, Cascante M, et al: The COPD Knowledge Base:
enabling data analysis and computational simulation in translational
COPD research. Journal of Translational Medicine 2014.

40. Vidal M, Cusick Michael E, Barabási A-L: Interactome Networks and Human
Disease. Cell 2011, 144:986-998.

41. Cano I, Mickael M, Gomez-Cabrero D, Tegnér J, Roca J, Wagner PD:
Importance of mitochondrial in maximal O2 transport and utilization: A
theoretical analysis. Respiratory Physiology & Neurobiology 2013,
189:477-483.

42. Wagner PD: Algebraic analysis of the determinants of VO2max.
Respiration physiology 1993, 93:221-237.

43. Wagner PD: Determinants of Maximal Oxygen Transport and Utilization.
Annual Review of Physiology 1996, 58:21-50.

44. Nagarajan R, Datta S, Scutari M, Beggs ML, Nolen GT, Peterson CA:
Functional relationships between genes associated with differentiation
potential of aged myogenic progenitors. Front Physiol 2010, 1.

45. Thomas R, Kaufman M: Multistationarity, the basis of cell differentiation
and memory. I. Structural conditions of multistationarity and other
nontrivial behavior. Chaos 2001, 11:170-179.

46. Thomas R, Kaufman M: Multistationarity, the basis of cell differentiation
and memory. II. Logical analysis of regulatory networks in terms of
feedback circuits. Chaos 2001, 11:180-195.

47. NEXES: Supporting Healthier and Independent Living for Chronic
Patients and Elderly., CIP-ICT-PSP-225025 2008-2013.

48. Regions of Europe working together for health. [http://www.
renewinghealth.eu/en/].

49. Miller WG, Tate JR, Barth JH, Jones GR: Harmonization: the sample, the
measurement, and the report. Annals of laboratory medicine 2014,
34:187-197.

50. Campbell CA, Horvath AR: Harmonization of critical result management in
laboratory medicine. Clinica Chimica Acta 2014, 432:135-147.

51. Uribe GA, Lopez DM, Blobel B: Towards automated biomedical ontology
harmonization. Studies in health technology and informatics 2014, 200:62-68.

52. Kicinski M: Publication Bias in Recent Meta-Analyses. PloS one 2013, 8:
e81823.

53. Brice A, Chalmers I: Medical journal editors and publication bias. Bmj
2013, 347:f6170.

54. Smulders YM: A two-step manuscript submission process can reduce
publication bias. Journal of clinical epidemiology 2013, 66:946-947.

55. TA M: Genomewide asscoiation studies and assessment of the risk of
disease. The New England journal of medicine 2010, 363:10.

56. Barabasi AL, Bonabeau E: Scale-free networks. Scientific American 2003,
288:60-69.

57. Barabasi AL: Network medicine–from obesity to the “diseasome”. The
New England journal of medicine 2007, 357:404-407.

58. de Chassey B, Navratil V, Tafforeau L, Hiet MS, Aublin-Gex A, Agaugue S,
Meiffren G, Pradezynski F, Faria BF, Chantier T, et al: Hepatitis C virus
infection protein network. Molecular systems biology 2008, 4:230.

59. Yeger-Lotem E, Riva L, Su LJ, Gitler AD, Cashikar AG, King OD, Auluck PK,
Geddie ML, Valastyan JS, Karger DR, et al: Bridging high-throughput
genetic and transcriptional data reveals cellular responses to alpha-
synuclein toxicity. Nature Genetics 2009, 41:316-323.

60. Bandyopadhyay S, Mehta M, Kuo D, Sung MK, Chuang R, Jaehnig EJ,
Bodenmiller B, Licon K, Copeland W, Shales M, et al: Rewiring of genetic
networks in response to DNA damage. Science 2010, 330:1385-1389, (New
York, NY).

61. Saez-Rodriguez J, Alexopoulos LG, Epperlein J, Samaga R, Lauffenburger DA,
Klamt S, Sorger PK: Discrete logic modelling as a means to link protein
signalling networks with functional analysis of mammalian signal
transduction. Molecular systems biology 2009, 5:331.

62. Ramirez F, Schlicker A, Assenov Y, Lengauer T, Albrecht M: Computational
analysis of human protein interaction networks. Proteomics 2007, 7:2541-2552.

63. Loscalzo J, Kohane I, Barabasi AL: Human disease classification in the
postgenomic era: a complex systems approach to human pathobiology.
Molecular systems biology 2007, 3:124.

64. eHealth Action Plan 2012-2020. Green Paper on mobile health
("mHealth”). 2014 [http://ec.europa.eu/digital-agenda/en/news/green-
paper-mobile-health-mhealth].

doi:10.1186/1479-5876-12-S2-S12
Cite this article as: Miralles et al.: Predictive medicine: outcomes,
challenges and opportunities in the Synergy-COPD project. Journal of
Translational Medicine 2014 12(Suppl 2):S12.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Miralles et al. Journal of Translational Medicine 2014, 12(Suppl 2):S12
http://www.translational-medicine.com/content/12/S2/S12

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/21414488?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21414488?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24012990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24012990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8210760?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8815793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12779451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12779451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12779451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12779452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12779452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12779452?dopt=Abstract
http://www.renewinghealth.eu/en/
http://www.renewinghealth.eu/en/
http://www.ncbi.nlm.nih.gov/pubmed/24790905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24790905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24851964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24851964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24363797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24150668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23845183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23845183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17652657?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18985028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18985028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19234470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19234470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19234470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21127252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21127252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19953085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19953085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19953085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17647236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17647236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17625512?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17625512?dopt=Abstract
http://ec.europa.eu/digital-agenda/en/news/green-paper-mobile-health-mhealth
http://ec.europa.eu/digital-agenda/en/news/green-paper-mobile-health-mhealth

	Abstract
	Background
	Objectives
	Method
	Results
	Conclusions

	Introduction
	Biomedical outcomes
	Targeted ICT developments
	Transfer to healthcare
	Main challenges beyond Synergy-COPD
	Opportunities identified during the project lifetime
	Conclusions
	Competing interests
	Declarations
	Authors’ details
	References



