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Abstract: The incidence of immune-mediated diseases (IMDs) is increasing rapidly in the developed countries constituting \
a huge medical, economic, and societal challenge. The exposome plays an important role since genetic factors cannot explain
such a rapid change. In the Human Exposomic Determinants of Immune Mediated Diseases (HEDIMED) project, altogether 22
academic and industrial partners join their multidisciplinary forces to identify exposomic determinants that are driving the IMD epi-
demic. The project is based on a combination of data and biological samples from large clinical cohorts constituting about 350,000
pregnant women, 30,000 children prospectively followed from birth, and 7,000 children from cross-sectional studies. HEDIMED
focuses on common chronic IMDs that cause a significant disease burden, including type 1 diabetes, celiac disease, allergy, and
asthma. Exposomic disease determinants and the underlying biological pathways will be identified by an exploratory approach using
advanced omics and multiplex technologies combined with cutting-edge data mining technologies. Emphasis is put on fetal and
childhood exposome since the IMD disease processes start early. Inclusion of several IMDs makes it possible to identify common
exposomic determinants for the diseases, thus facilitating the development of widely operating preventive and curative treatments.
HEDIMED includes data and samples from birth cohorts and clinical trials that have used exposomic interventions and cell and
organ culture models to identify mechanisms of the observed associations. Importantly, HEDIMED generates a toolbox that offers
science-based functional tools for key stakeholders to control the IMD epidemic. Altogether, HEDIMED aims at innovations, which
become widely exploited in diagnostic, therapeutic, preventive, and health economic approaches.
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Introduction

During the past decades, the incidence of many chronic con-
ditions, such as respiratory, allergic, autoimmune, metabolic,
and mental diseases, has increased in developed countries, pre-
sumably due to urbanization-associated changes in our life-
style, exposure to environmental biodiversity! and chemical
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environment. The rapidly changing environment and lifestyles
have in a way outran the human immune system, as the immune
system has not had enough time to adapt to the change. This
may manifest in several ways, including microbial imbalance
(gut dysbiosis), long-term immune dysfunction, and low-grade
inflammation, which may turn to risk factors for several dis-
eases. The increasing chemical exposure in the form of various
toxicants and pollutants including, for example, polyaromatic
hydrocarbons, microplastics, and endocrine disruptors can also
have harmful effects on the immunological and endocrinologi-
cal homeostasis either directly or via. their effects on the envi-
ronmental or human microbiome.>* Not surprisingly, many of
these risk factors have been suggested to be shared between
several noncommunicable diseases, depicted in Figure 1.57
Included within these noncommunicable diseases are
immune-mediated diseases (IMDs), whose rapid increase consti-
tute a huge medical, economic, and societal challenge.® IMDs are

What this study adds

In this review, we describe the design of the HEDIMED project,
which participates in the common European Union (EU) effort
to broaden the knowledge about the exposome and its effect on
human health. HEDIMED is the largest study so far to tackle
the concept of the exposome and its relation to the development
of immune-mediated diseases. HEDIMED will be taking into
account the complex interplay between external and internal
exposomes and the key molecules and pathways operating in
early life to identify disease mechanisms and risk and protec-
tive exposures that are critical for the development of T1D, CD,
allergy, and asthma.
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Figure 1. Many noncommunicable diseases have been suggested to share underlying risk factors. These factors include microbial imbalance and associated
low-grade inflammation, exposures to environmental toxicants and infections, loss of environmental microbial biodiversity, and changes of dietary habits, which
together can disturb the balance of immune homeostasis disposing individuals to IMDs. These risk factors marked in the parasol cast a shadow over many IMDs
and are thought to be at least partially the mediators in the pathogenesis of the IMDs relevant for HEDIMED as well (type 1 diabetes, celiac disease, asthma,

and allergies). Figure adapted from Haahtela et al.”

often life-long diseases with significant reduction in the quality
and even the length of life. Their pathogenesis lies in the loss of
immunological tolerance to antigens present in body’s own cells
(autoantigens) or to otherwise harmless environmental antigens
(e.g., allergens, commensal bacteria) leading to inflammation and
cell damage.” ! Among the most common IMDs are allergic dis-
eases, asthma, type 1 diabetes (T1D), and celiac disease (CD).!?
There is no curative treatment for IMDs apart from some aller-
gies, where allergen desensitization treatment can lead to the loss of
symptoms.'>'* Other available treatments can alleviate symptoms
but they cannot cure the disease or prevent completely long-term
complications—moreover, there are significant costs and side effects
of modern IMD therapies. Therefore, there is an unmet need to
prevent IMDs or alleviate their symptoms with better approaches.
Development of preventive interventions requires profound
understanding of the disease mechanisms, including key mol-
ecules and pathways. Based on the current consensus, these
mechanisms operate already at early life including the in utero
period,'>' when the first subclinical signs of IMDs often
appear!” and when the immune system is under rapid transition
from an immature stage to the mature adult stage. As a signif-
icant component in these processes, the crosstalk between the
commensal microflora'®'’ and the child’s maturating immune
system has received special attention in the field.?° Thus, these

early events are the most promising targets for preventive
interventions.

Although the risk of IMDs is modulated by genetic factors,
they cannot explain their rapidly increasing incidence, and
therefore the environment, or exposome, must play an import-
ant role.”! The term exposome refers to the environmental, that
is, nongenetic, drivers of disease that influence the individual
from conception onwards.?? The exposome is generally divided
into three categories that interact with each other. The general
external exposome covers socioeconomic and climatic factors
and the living environment, whereas the specific external expo-
some covers factors like pollutants, infections, and lifestyle. The
internal exposome, on the other hand, includes factors within
the body such as the microflora, inflammation, metabolism, and
hormones (Figure 2).

Early life exposome modulates the phenotype by influ-
encing the developing homeostatic systems and pathways.
These modulating exposomic determinants can include both
disease promoting and preventing factors.?*” According to
the prevailing hypothesis, the balance between these expo-
sures, together with the variation in host’s response to these
exposures partially regulated by genetics and epigenetics,
eventually determines whether the disease-causing process
initiates.
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Figure 2. The three categories of the exposome. General and specific external exposome and internal exposome interact closely with each other and influence
the rapidly evolving immune system at early life, and these exposomic factors can either protect or dispose to IMDs.

Human Exposomic Determinants of Immune Mediated
Diseases (HEDIMED) focuses on these early life events that
occur during prenatal and postnatal life when both the internal
and external exposome affect the development of the immune
system and the initiation and progression of T1D, CD, allergy,
and asthma—all known to be associated with specific genetics
but having had a rising incidence during the past decades. T1D
is a heterogeneous disease, characterized by selective destruc-
tion of insulin-producing pancreatic beta cells by a yet unknown
mechanism, leading to loss of insulin production and requiring
a life-long daily administration of insulin. The primary cause
to the onset of CD is gluten found in rye, barley, and wheat,
causing an autoimmune reaction against small-bowel mucosa,
but also exposomic factors such as infections can have an influ-
ence on triggering CD. CD and T1D also share common genetic
components, whose influence can be modulated by exposomic
factors. The only available treatment for CD is gluten-free diet.
Allergy is immune system’s abnormal response to harmless sub-
stances, and it can be manifested in different organs including
nasal mucosa, sinuses, lower airways, skin, gastrointestinal
tract, and eyes. Exposomic factors such as infections, pollutants,
and changes in diet have been suspected to partially explain the
current epidemic. Asthma is a chronic condition with swelling
in the small airways in the lungs, which is caused by an overac-
tive immune system. Certain volatile compounds and other tox-
icants, and different allergens are among the exposomic factors
that can trigger the asthma and, for example, rhinoviruses cause
asthma exacerbations. The mechanisms leading to these diseases
are believed to have partly common origins with several other
IMDs. Supporting this is a study where populations with simi-
lar genetic background were compared in Finland and Russian
Karelia. As a result, the incidence of both allergic diseases and
autoimmunity disorders, T1D, CD, and thyroid autoimmunity,
were considerably lower in Russian Karelia.?® It is noteworthy

that welfare and hygiene differences were radical between these
two regions, with remarkably higher pathogen load in Russian
Karelia.

Here, we describe the design of the HEDIMED project, which
participates in the common EU effort to broaden the knowledge
about the exposome and its effect on human health. HEDIMED
is the largest study so far to tackle the concept of the expo-
some and its relation to the development of immune-mediated
diseases. HEDIMED will be taking into account the complex
interplay between external and internal exposomes and the key
molecules and pathways operating in early life to identify dis-
ease mechanisms and risk and protective exposures that are crit-
ical for the development of T1D, CD, allergy, and asthma.

Study hypothesis

HEDIMED project is based on the hypothesis that exposomic
factors can markedly modulate the risk of IMDs, particularly
when occurring during the first years of life, including the fetal
period, when the immune system maturates rapidly and when
the disease-predisposing responses often develop.?-* These risk
modulating factors can either increase or decrease the risk of
IMDs. Risk and protective factors can overlap, for example,
some infections may increase the risk by causing tissue damage
in target organs, while other infections may decrease the risk by
activating immunoregulatory pathways. In addition, the effect
of these factors can be influenced by several modifying factors.
For example, the effect of dietary gluten on the development of
celiac disease is modified by polymorphisms in human leukocyte
antigen genes and other immune response genes and possibly
by exposomic factors, such as gut microbiome and enteral virus
infections.?® These risk modifying factors can be shared between
several IMDs. Thus, if HEDIMED project can identify expo-
somic factors common between different IMDs, its results can
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Figure 3. HEDIMED partners on the map.
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be generalized widely in the field studying the etiology of IMDs
and other noncommunicable diseases.

Project description
Specific aims

The main goal of HEDIMED is to identify the complex inter-
actions between external and internal exposomes and the key
molecules and pathways that are critical for the development of

T1D, CD, allergy, and asthma. HEDIMED fills critical knowl-
edge gaps that have hindered the identification of exposomic
determinants of IMDs and thereby facilitates the development
of prevention and better treatments and diagnostics for IMDs.

This goal will be achieved by carrying out research to address
the following specific objectives:

* To identify and characterize the disease-specific and shared
exposomic determinants of these IMDs and the biological
pathways and mechanisms mediating their effects.
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Figure 4. Overview of the key characteristics of cohorts used in HEDIMED.
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* To develop new technologies for the characterization of the
exposome and its role in IMDs.

To develop system dynamics modeling methods for simu-
lating the effects of the exposome on the risk of IMDs and
to create prediction models to estimate health economic
savings of successful interventions.

To carry out clinical intervention studies to evaluate
whether the risk of IMDs can be reduced by targeted mod-
ulation of specific exposomic determinants.

To build a toolbox that allows various stakeholders to
access the latest results and solutions to facilitate the devel-
opment of novel diagnostics, therapeutic and prophylactic
approaches for IMDs and to evaluate the public health con-
sequences and costs.

To communicate widely with various stakeholders and dis-
seminate the key findings in an effective way.

Who is in the study?

HEDIMED brings together 22 partners from 12 different
countries, including academic and public research organiza-
tion and small- and medium-sized enterprises (SMEs), whose
expertise covers medicine, clinical trials, epidemiology, public
health science, nutritional science, microbiology, genetics, cell
and molecular biology, chemistry and biochemistry, toxicology,
soil ecology, immunoecology, geographical computer science,
statistics, advanced modeling, and technical science. In addi-
tion to these scientific disciplines, there are actors who bring
their expertise in communication and dissemination of research
results and their exploitation to the HEDIMED (Figure 3).

Clinical cohorts participating in HEDIMED

The unique birth and cross-sectional cohorts form the basis of
the research carried out in HEDIMED (Figure 4). These clini-
cal cohorts provide data and biological samples from pregnant
women and/or their offspring, prospectively followed from
birth. In addition, HEDIMED includes clinical trials testing the
effect of exposomic exposures on the immune system and the

www.environmentalepidemiology.com

risk of IMDs. The risk of many IMDs is modulated by gender
in a disease-specific manner, and the HEDIMED cohorts also
allow the identification of these gender-specific exposomic deter-
minants. These cohorts have been recruited in different popula-
tions but are based on similar study designs, which makes it
possible to combine their data. Part of the analyzes will be car-
ried out using cohort design, while some other analyzes will be
carried out using nested-case control design.

One of the virtues of HEDIMED is that these study popu-
lations represent countries with either high (Finland, Sweden,
Norway, and Denmark) or lower (Italy, Estonia, and Karelian
Republic of Russia) incidence of IMDs (Figure 5) creating an
excellent opportunity to compare the differences in the expo-
some and its effects in the development of IMDs in these differ-
ing regions.*3*

Approach

The methodological approach of HEDIMED can be roughly
divided into five parts. First, HEDIMED brings together
large data and sample sets from a number of pregnancy and
child cohorts and clinical trials covering the IMDs of interest
(T1D, CD, allergy, and asthma), the variables of which will
be harmonized to allow integrated cross-cohort data analy-
sis. HEDIMED will use the already existing data from these
cohorts and complement it with new data created in the proj-
ect. Second, HEDIMED will use state-of-the-art omics and
other techniques to study the effects of both internal and
external exposomic factors using the observational follow-up
cohorts and early age trials with exposomic interventions.
Health-related registry data will also be incorporated into the
cohort studies. Third, the project will develop new intelligent
sensors and analytical platforms to detect exposomic deter-
minants (toxins and pollutants, environmental microbiome,
infections, etc.) and cell and organoid models to study the
mechanisms of observed associations. The fourth part includes
activities devoted to computational data analysis and toolbox
development: the project data combined with preexisting data
will allow HEDIMED to build an exposome toolbox with
data processing functions. Lastly, the toolbox with its various
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factors. The generated and existing data will be used to create a toolbox on the effects of the exposome on IMDs. The toolbox can be used by the public,

decision-makers, patient organizations, and other stakeholders.

functionalities will enable the project know-how to be effec-
tively disseminated to policymakers, the science community,
regulatory authorities, patients, patient organizations, and
industry. The toolbox can also model the medical and socio-
economic effects of exposomic determinants of IMDs and can
predict the savings that the elimination of risk exposomic fac-
tors would generate to society. Schematic presentation of the
overall project design is illustrated in Figure 6.

Focus areas and methods

Identification of study endpoints and creation of
harmonized data and sample matrix in all clinical cohorts

One of the most important tasks is harmonizing the existing
data and sample resources. Depending on the cohort, the sam-
ples and data range from the early 1990s” to the present day.
Data and samples collected in different cohorts, in different
countries and during different decades need harmonization
and new samples and data collected during HEDIMED will be
added to this resource. An important harmonization effort is the
definition of study endpoints in all cohorts. Background data
will also be compared between the cohorts to enable the use of
other variables in joint analyses (e.g., acute and chronic diseases,
diet, infections, vaccinations, medications, and noncommunica-
ble diseases in relatives).

Measure the external exposome

To see which factors from the specific external environment
impact the development of IMDs, HEDIMED aims to charac-
terize acute and chronic infections encountered during preg-
nancy and in early childhood and the complete microbiome
(bacteriome, virome, and parasitome) of the child and pregnant
mothers. These will be examined using both metagenomic and
targeted technologies, and novel multiplexing technologies will
also be developed for these analyses. Other important research
targets include immune system response to the commensal
microflora in pregnant women and babies and in utero and
postnatal exposure to selected environmental toxicants, such
as persistent organic pollutants and perfluoroalkyl chemicals,
which have been associated with immune-related outcomes—$
and changes in commensal microbiota.? One important fac-
tor that may influence disease outcome is the diet of pregnant
mothers and babies. To this end, HEDIMED will characterize
the study subjects’ exposure to various dietary compounds, such
as breastmilk, fish-derived n-3 fatty acids, and cereals/gluten
during in utero period and postnatally, using questionnaire data
and dietary biomarkers, such as gliadin peptides. In addition, the
microbiome of selected baby food items will be characterized.
One of the objectives of HEDIMED is to develop novel tools
and affordable and scalable technologies to gain information
about both past and acute exposures and interactions between
the exposome and the host immune system. These technologies
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include arrays that can simultaneously detect a high number
of target molecules and new volatilomics®® and metatranscrip-
tomics technologies. The aim of these two latter studies is to
understand how the bacterial species detected in, for example,
stool or dust samples by metagenomic sequencing correlate with
volatile compounds detected in these same samples and whether
these volatile compounds can be used to characterize the met-
abolic activity of the microbiome and its correlations with the
risk of IMDs. These technologies will facilitate the exposomic
research in HEDIMED and more widely in the whole science
community.*

HEDIMED has a unique possibility to characterize in detail
general external exposomic determinants, such as the nature of
the environment where the child has lived during the in utero
period and during the first year of life. The land use around
the home can be categorized into agricultural, rural, urban,
and other types of environments using Global Positioning
System coordinates and satellite data-based Corine land cover
database.*'* HEDIMED will use earth observation data and
derived land cover and atmospheric variables, such as air qual-
ity and pollution, and combine it with other data, like season
of birth, climate, and snow cover, to study these disease associ-
ations. More detailed analyses on the child’s living environment
will be performed by characterizing the microbiota of the child’s
home indoor and outdoor environment by taking, for example,
floor mat samples* indoors and yard soil samples outdoors.*

Measure the internal exposome

Differences in the maturation of the immune system have been
observed already in the analyses of umbilical cord blood tran-
scriptomes of children born in regions with contrasting stan-
dards of living and hygiene and with differences in the prevalence
of IMDs.*” This suggests that their immune system is differently
programmed already during fetal life. HEDIMED will carry
out extensive profiling of child’s internal environment during
early life, using advanced omics, modeling, and data mining
approaches to identify interactions between external exposures
and the internal environment to look for phenotypic changes
that are associated with IMDs. Profiling of child’s internal envi-
ronment is based on blood proteomics and transcriptomics, cyto-
kine profiling, and stool metabolomics. Transcriptomics will be
utilized to analyze children’s responses to different exposomic
factors and interventions to find out the activation of poten-
tially diseases leading/protecting pathways.** Other methods
include epigenetics and characterization of circulating exosomes
and small single-stranded non-coding RNA molecules. Also, the
functions of innate immunity will be investigated by setting up
short-term peripheral blood cell cultures using child’s blood
samples, which in turn, will be stimulated by toll-like receptor
agonists to analyze cytokine and gene expression responses. The
observed properties of internal environment will be correlated
to those of the external environment and the genetic polymor-
phisms and epigenetic status of each child.

Evaluation of causality using clinical trials and experimental
models

Clinical randomized intervention trials offer an advantage to
study the mechanisms mediating the effect of the external expo-
some on the risk of IMDs in a standardized way. Therefore,
they are considered as the strongest approaches to evalu-
ate causality between exposomic determinants and IMDs.*
HEDIMED includes five intervention trials (Figure 4). In the
PreCiSe trial (ClinicalTrials.gov Identifier: NCT03562221),
the hypothesis is that a strict gluten-free diet during the first
3 years of life with a slow introduction of gluten will induce
tolerance to gluten. Additionally, Prevention of Celiac Disease
in Skdne and another Swedish trial celiac disease prevention
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with probiotics (ClinicalTrials.gov Identifier: NCT03176095)
tested whether a daily delivery of two probiotics suppresses an
inflammatory response to gluten.’! In the Danish Copenhagen
Prospective Studies on Asthma in childhood study’s cohort,
two randomized controlled trials were performed with the aim
of preventing asthma (primary outcome measure) and aller-
gic sensitization (one of the secondary outcome measures) in
childhood. In a factorial design, pregnant mothers were given
fish oil supplementation (n-3 fatty acids, ClinicalTrials.gov
Identifier: NCT00798226) or matching placebo, and vitamin
D3 (NCT00856947) or matching placebo from week 24 of
pregnancy. Both of these pregnancy supplements showed pro-
tective effects on asthma development in the offspring.’>* In
the aforementioned trials, the interventions and sample collec-
tion have already been completed and the results partly pub-
lished, but the biodiversity intervention and atopic sensitization
trial (ClinicalTrials.gov Identifier: NCT03872219) is ongoing in
Finland and in Estonia. In this trial, children will be exposed
to environmental microbial biodiversity through nature-derived
soil-based material from the forest during the first year of life
in two countries with different environments.’® In addition to
clinical trials, cell and organ culture models will be used to
experimentally characterize those biological pathways that are
activated by disease-associated exposomic determinants. This
further helps to identify causal relationships as these experimen-
tal signatures can be correlated to those seen in vivo in clinical
trials.

Exposome data analysis and identification of
disease associations

The complexity of the exposome (internal and external expo-
somes with numerous interacting variables) combined with the
complexity of the human body and the development of IMDs,
brings challenges to the statistical analysis of impact mea-
surements. To this end and in contrast to most of the earlier
exposome studies, HEDIMED will use a global exploratory
approach to model the relations between different associations
and identify shared or disease-specific biological pathways that
most strongly predict the development of IMDs. In addition, the
individual exposures that have been associated with the previ-
ously found outcomes (e.g., respiratory infections, enterovirus
infections, rhinovirus infections, phospholipids, omega-3 fatty
acids, gluten intake, breastfeeding, gut dysbiosis, exposure to
high environmental microbial diversity, maternal virus antibod-
ies, etc.)**37% can be put into the wider context by analyzing
them in the same model. Open-access data from other large
cohorts and registry data will also be used as additional data
sources. HEDIMED will use advanced data analytical tools and
machine learning to model the complex multiexposure data and
its associations with health outcomes and develop new tools for
data fusion, novel data analysis, and data visualization.

HEDIMED toolbox and data management

To give an overview of the exposome effects on IMDs, HEDIMED
will develop a decision support software tool, referred to as the
HEDIMED toolbox. The toolbox will have project-internal
functions that support the researchers in their work and public
functions to allow citizens and decision-makers utilize the public
information. For example, it will include functions to estimate
the societal and economic impacts of IMDs and to predict the
impact of interventions. The toolbox will combine the data gen-
erated in HEDIMED and the data integrated from health reg-
istries to develop both population level and risk-group specific
estimations. It will be based on the HEDIMED project internal
research platform, which combines access to several datasets
and tools for the analysis of the combined effects of several
exposomic determinants on the risk of IMDs. The HEDIMED
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research platform will utilize the concept of data virtualization
to provide access to up-to-date data sources from one place, and
it allows researchers to write scripts for data analysis, modeling,
visualization, and fetches the data from the cohort datasets as
needed (without copying all data to one place). Public users can
use the selected tools and data on a web server and explore the
main results there. HEDIMED commits to the FAIR (i.e. data
which meet principles of findability, accessibility, interoperability
and reusability) data principles and the data and tools on the
web server will be periodically updated.

Ethical and data protection procedures

In HEDIMED, vast amounts of data from individuals from large
human cohorts and clinical trials and their environment exist,
are collected, used, and combined. This requires the ethical and
data protection aspects to have a high priority to ensure that
research is performed in a responsible way and all EU regu-
lations, for example, General Data Protection Regulations
(GDPRs), are followed in the sample and data analyses. In
HEDIMED, the Ethical and Data Protection Committee, includ-
ing representatives from each clinical cohort, was formed at the
start of the project. Emphasis will be paid on the protection of
personal identity of the study subjects using procedures legally
accepted by EU member states. The aim is to create an ano-
nymized database within project internal toolbox to allow flex-
ible analyzes of the data for consortium members.

Strengths and limitations

HEDIMED has multiple important strengths compared with pre-
vious studies allowing the identification of the exposomic deter-
minants triggering the initiation and progression of IMDs. One
important asset is the multidisciplinary consortium that combines
foremost medical expertise with ecology, cutting-edge omics and
other analysis methods, advanced know-how of intelligent sensors
and world-class knowledge of data analysis and data mining tools.
This assembly of leading-edge scientists in combination with strong
support from the exploitation experts in the consortium, maximize
the societal impacts of HEDIMED. This cornerstone of scientific
excellence comprises of unique clinical cohorts and intervention
studies that make it possible to identify prenatal and postnatal
exposures in children who have been followed from fetal period
until childhood and adolescence in countries with varying inci-
dence of IMDs. One remarkable benefit is that, in addition to dis-
ease-specific exposomic determinants, HEDIMED will search for
exposomic determinants that are common for several IMDs. The
novel technological tools and solutions developed in HEDIMED,
such as health-promoting exposomic interventions, provide foun-
dations for developments that aim at healthier modern life.
Despite its obvious strengths, HEDIMED also has limitations.
HEDIMED cohorts are constituted mainly of participants with
Caucasian ancestry and therefore the associations found during
the project should be verified in other populations as well. Another
limitation is the complexity of the existing data, which needs to
be harmonized between different cohorts. The same concerns
samples and sampling. The samples in different cohorts have not
necessarily been collected in exactly the same way, and therefore,
extensive actions will be taken to harmonize the data, analytical
platforms and the disease criteria used across the cohorts.

Main challenges

One of the possible obstacles is legislation and regulation that
concerns data privacy needed to connect different health data
from cohorts and registry data outside cohorts. GDPR came
into force in June 2018, and the practices and policies for its
execution are still maturating in the member states. This may
cause hindrances as practices in different countries may differ.
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Also, laws concerning data privacy, especially sensitive health
data as used in HEDIMED, can vary between countries. The
second challenging aspect is formed by data linkages between
national registries and HEDIMED cohorts, which need close
interaction with legislation and regulatory authorities to over-
come any potential barriers. A long-term challenge with great
impact is how the research findings and developed solutions can
be effectively translated into new practices, guidelines, and rec-
ommendations. This needs an active and productive interaction
between the HEDIMED consortium and different stakehold-
ers including patient organizations, policy makers, lawmakers,
local, regional, and regulatory authorities, and upper-level global
organizations such as World Health Organization (WHO).

Collaboration

One of the main aims of HEDIMED is to utilize and create collab-
oration networks that amplifies the scientific and societal impacts
of the project. HEDIMED brings the wide collaboration networks
of its partners available for the whole consortium. HEDIMED
pays particular emphasis on collaboration with various stake-
holders to increase the societal impact of the project including
interactions with policy makers, patient organizations, municipal
and national authorities and industry, and funding agencies that
are operating in the field of IMDs. HEDIMED has an external
advisory board including experts from the field of IMDs, genet-
ics, microbiome, and epidemiology, which further facilitates the
interactions with the science community. Most importantly, the
European Human Exposome Network (EHEN) creates a huge
and unique collaboration environment in this field in the EU and
is an important cornerstone for and asset of HEDIMED. This net-
work enables the use of resources and scientific expertise in stud-
ies aiming at the same goal—understanding the role of exposome
in the pathogenesis of noncommunicable diseases.

Conclusions

HEDIMED is the biggest endeavor focusing on the exposomic
determinants of common IMDs. It utilizes a multidisciplinary
research approach and combines samples and data from large
clinical cohort studies. This combined sample and data matrix
and state-of-the-art technologies provide an unprecedented
opportunity to characterize relationships between exposomic
determinants and IMDs and to recognize key biomarker mol-
ecules and pathways. More importantly, the sophisticated data
analysis tools can, instead of identifying one determinant-one
disease associations, recognize shared exposomic factors affect-
ing several IMDs including type 1 diabetes, celiac disease,
asthma, and allergy. The important outcome of the project will
be the HEDIMED toolbox, which citizens, patients and patient
organizations, policy makers and other authorities, and industry
can utilize to develop actions aiming at healthier environment
and interventions that can reduce the risk of IMDs. Altogether,
HEDIMED represents a unique opportunity to generate criti-
cal new information and impact that can eventually lead to the
development of prevention and better treatments for IMDs.
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