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< Child therapy room at Aarhus University Hospital.  
Play therapy is often used with young children and their parents.
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The next wave of major medical research 
breakthroughs will be in treatments for brain 
diseases, echoing our vision: 
”We create the world’s best treatments for 
patients with disorders of the brain.”

Recent advances in neuroscience have  
unlocked new avenues for research with  
hitherto unimagined progress being made.  
To build on this platform of potential, our  
ambition is the creation of a new building 
for the Danish Neuroscience Center (DNC), 
bringing together researchers, clinicians and 
entrepreneurs to develop innovative, viable 
solutions for brain diseases.

Background

DNC was established in 2009 as unique brain 
research in Aarhus had rapidly proliferated 
and expanded. The installation of a new PET 
scanning unit, together with ambitious research  
efforts, led to the development of new tracers 
to visualize disorders of the brain. Other great 
DNC discoveries have led to a para digm  
shift in the use of magnetic resonance 
(MR)-imaging diagnostics for stroke. DNC 
research results are internationally recognized, 
have attracted major research grants and 
enticed leading neuroscientists to Aarhus from 
Denmark and abroad. 

Cross-disciplinary collaboration is one of 
our key success factors, with DNC bringing 
together clinicians and researchers from a 
wide range of specialties. The close relation-
ship between Aarhus University and Aarhus 
University Hospital has provided researchers 
with an ideal setting to link scientific research 
with clinical need and assessment to  
iteratively improve upon new solutions and 
methodologies and transform university  
research into successful spin-out ventures. 

Unravelling the Enigma of  
the Human Brain

Poul Blaabjerg

Jens Christian Hedemann Sørensen

Jørgen Frøkiær

Future avenues for DNC research

Besides expediting ongoing close collaboration 
between researchers, healthcare professionals 
and entrepreneurs, it is our intention that  
the new building will become a center of 
excellence, disseminating knowledge and 
experience in the neuro field in general to 
promote dialogue between neuro professionals, 
patients with brain disorders, their relatives, 
and the general public. By reaching out 
through exhibitions and public lectures, we 
will convey advances in knowledge of our 
amazing brain and how we can prevent and 
treat its disorders, thereby also reducing the 
stigma that is often associated with mental 
illness.

At the same time, it is our intention that the 
new building will offer office space for patient 
organizations and other private or public 
stakeholders that can actively participate  
in achieving DNC’s vision to minimize the  
consequences of central nervous system  
disorders for patients, for their relatives, and 
for society as a whole. 

Herein, we present our vision for the new 
center and highlight some of our ongoing  
research activities and their results, with a 
focus on child and adolescent psychiatry. 

Best wishes, 

Poul Blaabjerg  
CEO, Aarhus University Hospital 

Jens Christian Hedemann Sørensen  
Professor, Head of the Board, DNC 

Jørgen Frøkiær  
Head of Department of Clinical Medicine, 
Aarhus University

Our Amazing Brain

The brain is the most complex bodily organ, 
containing nearly 85 billion neurons communi- 
cating with one another via more than two 
hundred trillion connections. These complex 
networks form the basis of our ability to learn, 
sense, think and exert precise control over 
our bodies. Beyond neurons, the brain is filled 
with myriad supporting cells, which regulate 
brain metabolism, biochemical signaling, and 
immune functions, as well as a vast network 
of blood vessels to meet the brain’s heavy 
demands for oxygen and nutrients. 

Unfortunately, the complexity of the brain  
is mirrored in the disorders affecting it. Brain 
disorders can cause imbalances on many 
levels, from imbalances in neurotransmitters to 
defects in blood supply. In order to prevent and 
treat disorders such as psychiatric disorders, 
dementia, movement disorders and stroke,  
we must continue the tremendous expansion 
of our knowledge of the brain that the last few 
decades have seen. 
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The new center at Aarhus 
University Hospital will host: 

• Patients and relatives: Brain disorders often 
have great implications for those affected 
and their relatives. DNC will open its doors to 
patient organizations and other stakeholders 
and welcome their input with regard to how 
interactions between patients, their relatives 
& caregivers, and healthcare providers are 
best met. 

• Ground-breaking research on the function 
of the normal brain, and how diseases of the 
central nervous system can be prevented, 
detected, and treated. 

• Diagnostics and treatment: DNC will be a 
nexus for researchers and clinicians, a place 
where new research ideas are born and  
mature before they are translated to new 
and improved diagnostics and treatments. 

• Innovation and collaborators: DNC will make 
room for spin-out companies and business 
ventures within artificial intelligence along 
with development of new research tech-
nologies, treatment methodologies and 
medicine. 

• Outreach: there will be an exhibition area 
and auditoriums for dissemination and 
general education. We will offer a number 
of activities and initiatives with the purpose 
of enhancing the public understanding of 
our research on the brain, its development, 
and brain health. Visitors, for example 
school classes, are encouraged to engage 
in activities and we want them to be curious, 
inquiring, and to enjoy learning about our 
amazing brain.
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The number of neurons and connections in our  
brain is astronomical. As such, understanding  
how this complex network of brain cells gives 
rise to our mind, our personality and our 
behaviors is a daunting task. Traditionally, this 
challenge has been approached in separate 
ways across neuroscience disciplines, with 
limited cross-disciplinary interaction. To truly 
understand the human mind and behavior – 
and how they change in psychiatric disorders 
– close integration of disciplines is needed,  
together with a clear focus on improving  
quality of life for patients and their relatives. 

According to 2015 OECD estimates, the over-
all costs related to psychiatric diseases in the 
EU exceeded 4% of GDP (over €600 billion)  
and these costs are projected to rise in coming  
years. Thus, psychiatric disorders represent 
challenges to society as a whole, as well as 
the neuroscience community.

Background 

DNC was established in 2009 by Aarhus University and the Central Denmark Region to house 
interdisciplinary neuro research at Aarhus University Hospital. From the very beginning,  
DNC research groups attracted an impressive number of research grants and several new 
research groups were established. DNC is now world leading in a number of research  
disciplines, which has resulted in new technologies and treatments such as MR-imaging  
for early diagnosis and interventional treatment of stroke, as well as deep brain stimulation 
as a treatment for movement disorders.

Status 

With the move of Aarhus University Hospital to Skejby, DNC has become a center without 
a common building. DNC’s scanners and other research equipment are now situated in 
Skejby, while the researchers are distributed across many different locations in Aarhus. DNC 
continues to attract top international talent but interdisciplinary collaboration is severely 
challenged by the current geographical fragmentation. 

Vision

We want to establish a new, prominent building that will bring together neuro researchers 
and drive research at the ‘top 10’ international level, allowing us to meet our vision:  
“We create the world’s best treatments for patients with disorders of the brain”.

A new DNC building will also allow us to reach out to the general public via an Experimentarium,  
in which interactive exhibitions, workshops, and public lectures on the normal brain and 
brain health can take place. DNC researchers will also carry out dissemination, general 
education for school children, and lectures for patients and their relatives. At DNC, a new 
international education in neuroscience will be offered for university students; while, at  
the other end of the translation spectrum, DNC will also function as an innovation center  
for the development of new methodologies and treatments for the benefit of patients  
across the world.

Psychiatry  
The Frontier of 21st Century 

Neuroscience

Understanding our neurobiology

The neurobiological mechanisms underlying 
psychiatric disorders are extremely complex 
and involve a dynamic interplay between  
the environment and genetic, epigenetic, 
molecular, and cellular factors as they shape 
the brain and its cellular networks. To fully  
understand how this interplay affects  
cognitive processes and behavior before 
children or adults first develop symptoms of 
psychiatric disorders, research must take an 
approach that integrates the efforts and inno-
vations across multiple fields such as clinical 
neuroscience, psychology, molecular neuro-
science, computer science, physics, robotics, 
neuroimaging, public health, economics, and 
user-driven innovation.

The DNC mission is to facilitate this integrational  
neuroscience research to drive development 
of new diagnostics and treatments for the 
benefit of our patients with psychiatric and 
other brain disorders. 

Our research strives to understand and map 
the functions of the normal brain – how we 
sense, think, remember, and how we solve 
problems – to understand why these functions 
are impaired by the serious conditions that are 
treated by neurologists, neurosurgeons, and 
psychiatrists.

MRI scan of the brain’s fiber connections.
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We seek to elevate Danish neuroscience 
research to the topmost level by establishing 
a unique center at Aarhus University Hospital. 
We want to create world-class facilities for 
integrative research and the treatment of 
patients with brain disorders; and we want 
the architecture and functionality of the new 
building to reflect this ambition.

At DNC, we are experts in translating research 
into better patient treatments; for example, 
through development and testing in small and 
large animal models. We carry out ground-
breaking research and strive to develop new 
or improved medical and surgical methods 
for the treatment of disorders of the brain and 
nervous system. We include the patient in  
the research questions that we try to answer  
to ensure that our research is driven by true 
clinical needs and that our advances will 
have a clear impact on the patient’s daily 
quality of life.

Building a World-Class  
Neuroscience Center

Scope and expertise

The number of children and adolescents in 
Denmark who receive a psychiatric diagnosis 
has escalated dramatically over the last 25 
years. The latest figures from Denmark show 
that 15% of those under the age of 18 years 
have had contact with mental health services. 

The Department of Child and Adolescent 
Psychiatry at Aarhus University Hospital is an 
international leader in innovative studies on 
children with attention deficit hyperactivity 
disorder (ADHD), autism, and obsessive- 
compulsive disorder (OCD). We study children 
and their parents with a focus on the play 
of the child. Further research of the plasticity 
and the development of the brain through 
play activities will give us greater insight and 
enhance the possibilities of early interventions, 
improving the quality of life of vulnerable 
children.

Child with peg board used for testing fine motor function. DNC researchers at the Dept. of Child & Adolescent Psychiatry.

< The Dept. of Child & Adolescent Psychiatry is nicknamed “the pink” due the colors of the walls. Murals are by Danish artist  
Tal R and 200 works of art from the Ovartaci Museum, done by psychiatric patients, are on display.
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Per Hove Thomsen is Clinical Professor 
and Chair of Child and Adolescent 
Psychiatry at Aarhus University as well  
as Consultant and Director of the 
Research Center, Psychiatric Hospital 
for Children and Adolescents. He 
conducts and supervises research on 
ADHD and OCD disorders with a basis 
in clinical practice, and engages in the 
public dissemination of these topics.

Mental disorders in children have 
great consequences for the child  
and the family. A greater focus on 
mental disorders, early interventional 
measures and better treatment  
methods can improve the quality  
of life for these children.

Per Hove Thomsen

Mental disorders in children and adolescents 
range from autism and ADHD to anxiety,  
depression and psychotic disorders. The  
prognosis for these disorders differs widely. 
Aside from the immediate suffering that a 
mental disorder causes an individual child, 
mental illness has pronounced long-term 
consequences. 

Statistics show that children suffering from a 
mental illness do not do well in a wide range 
of parameters: continued mental illness into 
adulthood, lower educational attainment, 
unemployment, and (for some) even higher 
risk of criminality, substance abuse, somatic 
disease, and shorter life expectancy. Further-
more, the isolation and functional impairment, 
which often result from the illness, cause the 
child to experience reduced quality of life and 
a poorer social skillset. Thus, mental illness in 
childhood can have severe consequences 
affecting the child through to adulthood. 

Children develop through play 

Our research strives to develop and continually  
improve upon the treatment of children’s 
mental disorders by applying a targeted, indi-
vidualized treatment based on knowledge of 
the individual patient’s needs. Some children 
are treated effectively with medication, but 

the majority are supported with psychological 
education for parents, healthcare professionals,  
and the child. With young children, this inter- 
vention will often be in the form of play therapy,  
where deviations from age-appropriate play 
are identified and the child is assisted in 
gaining greater insight into their difficulties 
and trained in social and communicative skills 
through play to develop the competencies 
that are crucial for being able to function in  
a social setting.

In child and adolescent psychiatry, clinicians 
and researchers endeavor to understand the 
bases and risk factors for developing mental 
illness. Our research focuses on genetics, neuro- 
psychological aspects and brain development.  
We are searching for ‘early signs and danger 
signals’ for worrying mental development 
among motor skills, neurological, psychological 
or cerebral findings. 

For this work, knowledge about children’s 
normal psychiatric development and play 
is crucial – and a close collaboration with 
researchers from other disciplines within  
neuroscience is crucial. 

SELECTED RESEARCH ACTIVITIES

New Perspectives 
Child & Adolescent Psychiatry
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Childhood: The most critical phase  
of brain development 

The development of a child’s brain – and, 
to some extent, their risk of developing a 
psychiatric disorder – is controlled by genetic 
programs from the time of conception and is 
highly sensitive to a range of environmental 
factors that may affect mother and fetus. 

At birth, the brain is still very much under  
construction and it develops rapidly as the 
baby starts to sense and interact with its  
surroundings. Most importantly, parental  
stimulation through smiling, singing, talking, 
nursing, stroking and touching helps shape  
the baby’s brain.

A baby is born with more than 85 billion nerve 
cells, each capable of forming connections 
with thousands of other neurons via synapses. 
The resulting neural networks store actions 
that have been successfully repeated many 
times along with memories of the sounds, 
sights, smells, and emotions of the child’s 
surroundings. Such information is stored in 
the form of permanent chemical connection 
between neurons. The brain can, in principle, 
store innumerable memories and learn any 
number of skills, limited mainly by the level 
of training and stimulation from the child’s 
experiences.

Play & Brain Development

The extent of stimulation by 
others, and from the child’s own 
exploration and play, are crucial 
for early brain development. 
From birth to school age, the 
number of neural connections 
increases dramatically, allowing 
skills and knowledge to be 
easily learned as the child  
progresses to adolescence  
and young adulthood. 

Meanwhile, connections that are not utilized 
weaken or disappear such that, by the time 
a child reaches adulthood, the brain has 
‘pruned’ un-used connections and only  
one-tenth of the connections available at 
school age become permanent. 

Collaborative research to test  
new strategies

DNC’s psychiatry researchers are among the  
world’s leading experts in the interplay be-
tween genes, early environmental factors,  
and the development of psychiatric disorders.  
DNC neuroimaging researchers are recognized  
internationally for having developed innovative  
neuroimaging methods that allow them to 
non-invasively study and characterize the 
microscopic structure of the brain. These 
methods allow them to quantify the density 
of neuronal connections in various parts of 
the brain, and characterize the very substrate 
of brain development in both children and 
adults. Together, the two groups of researchers 
study children and adolescents at high risk of 
developing psychiatric disorders, comparing 
these with normal children. 

Thus, DNC is uniquely positioned to provide 
information about devastating psychiatric 
disorders as they develop from birth and 
throughout childhood, and to test the effects 
of therapies, including specialized play, on 
brain and neurocognitive development. 

SELECTED RESEARCH ACTIVITIES

Child playing with a Rubik’s Cube, a 3D combination puzzle. >

Doll’s house at the AUH child theraphy room.
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Ole Mors is Professor of Psychiatry at 
the Department of Clinical Medicine, 
Aarhus University and Consultant at 
the Research Unit for Psychosis at 
Aarhus University Hospital. He is one 
of the research leaders of iPSYCH, the 
largest psychiatric research initiative in 
Denmark.

More than half of children born to 
parents with severe mental disorders 
such as schizophrenia and bipolar 
disorder will develop some kind of 
mental illness themselves during 
adult life. Identifying disease  
mechanisms – and thus possibilities 
for prevention – will be extremely 
valuable.

Ole Mors

The Lundbeck Foundation Initiative for 
Integrative Psychiatric Research, iPSYCH, is a 
Danish nationwide research project and one 
of the world’s largest studies of the genetic 
and environmental causes of mental disor-
ders involving more than 150 researchers in 
Denmark and abroad. iPSYCH investigates 
the most pressing mental disorders – autism, 
ADHD, schizophrenia, bipolar disorder and 
depression – to identify causes and create the 
bases for better treatment and prevention.

By examining genetic and environmental  
risk factors in more than 130,000 Danes from 
birth to adulthood – both those who suffer  
from mental disorders and those who do not 
– we shed light on the interaction between 
hereditary factors and the environment in  
the development of these conditions. This 
is achieved through an integrative effort  
capitalizing on the world-class expertise  
in neuroscience and psychiatry at Aarhus 
University Hospital.

Focusing on childhood-onset  
mental disorders

The Danish High Risk and Resilience Study, 
VIA, was established as a part of iPSYCH. It is 
a representative nationwide study following 
a cohort of 522 children born to parents with 
schizophrenia, bipolar disorder or neither of 
these disorders. The study is unique as the  

children it follows represent the world’s largest 
and most thoroughly characterized familial 
high-risk cohort. All children are of similar age 
and they have been assessed twice before 
puberty (at ages 7 and 11), with a 15-year-old  
assessment of all children occurring in the 
2021-2023 timeframe. No previous familial 
high-risk study has included structural and 
functional MR scans of a large group of familial 
high-risk children before and during puberty. 
The MR scans will permit the study of brain  
development during these crucial periods of life.

Targeting preventive interventions

Our results from the age 7 assessments provide 
a unique insight into possible new markers of 
neurodevelopmental disturbances in children 
of parents with schizophrenia. These include 
deficits in visual speed processing, olfactory 
function, motor functioning, social cognition, 
language, and cognition. Moreover, the fact 
that these children often live in inadequate 
home environments, have more psychiatric 
symptoms and poorer social functioning can 
already serve as a basis for targeted preven-
tive interventions. The third wave of the study, 
at age 15, will provide a deeper mechanistic 
insight into pathogenic processes leading to 
schizophrenia and bipolar disorder. 

How to Improve  
the Knowledge of Early  

Disease Processes?

Girl aged 15 anwering a questionnaire in the cognitive test battery.
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Charlotte Rask is Consultant at the 
Department of Child and Adolescent 
Psychiatry at Aarhus University Hospital 
and Clinical Professor in Child and 
Adolescent Psychiatry at the Dept. of 
Clinical Medicine, Aarhus University. 
She is an expert in functional disorders 
and health anxiety in children and 
adolescents.

The unique combination of neuro-
science and psychiatry research  
in DNC will be a huge step forward 
and can potentially lay the  
foundation for a new psychiatry  
of the 21st century.

Charlotte Rask

< DNC researchers in a meeting.

The power of perception 

The course and outcome of a mental illness  
is strongly affected by the individual’s own 
perception of their illness and morbidity. 
Thinking that you will never be cured, or  
never be able to live independently can  
erect a major barrier to actually getting  
better and fuel self-stigmatization. Perceptions 
and expectations around illnesses are based 
on cultural, social and other learned practices, 
including upbringing and family relation- 
ships. Particularly in the case of children and 
adolescents, parental perceptions of illness 
may negatively influence the course of their 
child’s illness. Furthermore, false and prejudiced 
perceptions about mental illness in society 
add to overall stigmatization.

Psychological treatment methods allow us to 
work very actively with illness perception and 
behavior across age and illness groups, with 
the individual, in patient groups and with  
families, improving quality of life for all. In  
addition, providing up-to-date information 
to the public can help reduce stigma and 
support the integration of young people living 
with mental illnesses into society. 

Our renowned expertise and future 
directions

Health anxiety is a disorder characterized  
by excessive worry over illness due to  
misinterpretation of bodily sensations as 

indicators of serious disease. Health anxiety 
can be regarded as a ‘prototype disorder’, 
allowing us to investigate the development of 
negative perceptions of illness early in life and 
track how these traits run in families through a 
combination of heredity and social learning. 

Our research group at the Department of 
Child and Adolescent Psychiatry launched  
the world’s first project to explore and describe 
health anxiety in children as young as 5 years, 
together with exploring the clinical pheno- 
menon of ‘health anxiety by proxy’, where 
parents display excessive worries about their 
child’s health. We are currently developing 
and testing the first internet-based psycho- 
logical treatment program for parents with 
health anxiety by proxy. This work holds  
promise for the development of intervention 
strategies for a disorder that is increasing  
in prevalence, partly due to the effects of  
excessive internet browsing on health issues 
but also in the context of the COVID-19  
pandemic.

The establishment of DNC as a physical entity 
at Aarhus University Hospital will provide 
us with the unique opportunity to combine 
neuroscience with psychiatry. Understanding 
such brain plasticity will open new avenues 
for how to work and change maladaptive 
illness perceptions on an individual, family 
and societal level. 

Illness Perception and Ways to 
Destigmatize Mental Illness

SELECTED RESEARCH ACTIVITIES
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Aja Neergaard Greve is a trained  
Psychologist and Postdoc at the  
Psychosis Research Unit, Aarhus  
University Hospital. She currently  
works on the The Danish High Risk  
and Resilience Study, VIA, which  
investigates how upbringing and  
genetics affect the mental health  
of children.

Our research focus on the causes of psychiatric 
disorders in order to prevent illness or provide  
individualized treatment. We also make use of 
internet-based treatment methods so that more 
children and adolescents with mental disorders 
might receive timely and evidence-based  
treatment.

Aja Neergaard Greve

Cognitive behavioral therapy has proven to 
be effective for a variety of psychiatric and 
somatic conditions in children, such as anxiety 
disorders, OCD, and chronic pain. Internet- 
delivered cognitive behavior therapy (iCBT) 
is a relatively novel form of treatment with the 
potential to make care more widely available. 

iCBT offers many advantages over traditional  
psychological treatments: it requires less  
therapist time per patient and is not limited  
to office hours, it can be delivered regardless 
of geographical distance between therapist  
and patient, it can reduce the potential stigma 
involved in visiting a therapist, and children 
and their parents can engage in treatment 
without missing school or work. Overall,  
there is much to indicate that iCBT could 
be an effective and reliable tool to increase 
availability to evidence-based psychological 
treatments for various mental illnesses.

The way forward

We are currently involved in several research 
projects using internet-delivered treatment 
for conditions including functional disorders, 
health anxiety by proxy, and Tourette’s 
Syndrome. We want to expand this work and 
develop a core facility for internet-delivered 

treatment studies – including virtual reality 
tools – at Aarhus University Hospital for a range 
of child and adolescent mental disorders.

Interdisciplinary research can enable the 
exploration of structural and functional  
changes in the brain during treatment with 
iCBT, thereby increasing our understanding of 
how wellbeing might be enhanced in children 
and adolescents with mental illnesses through 
‘training of the brain’. In this respect, social 
interaction from play using toys, computer 
gaming, augmented/virtual reality are new 
tools that actively engage children and can 
be used to stimulate neural plasticity and 
brain development, influencing behavior.

Supporting young people with severe mental 
illness in their personal recovery is a mental 
health service priority. Internet-based inter-
ventions have exactly the potential to support 
self-management and recovery among 
young people experiencing severe mental 
illness as this population is already using the 
internet to a high degree. Furthermore, the 
standardized format of these interventions 
makes them especially suitable for investi- 
gation of treatment-induced changes in  
neuroplasticity in new interdisciplinary  
research projects.

A New Tech Platform  
for Internet-based Interventions  

in Psychiatry

SELECTED RESEARCH ACTIVITIES
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In order to improve  
outcomes, more  

knowledge about  
etiological mechanisms, 
developmental aspects 

and effective interventions 
is needed.

FACTS

• Mental health problems early in life  
are clearly associated with an increased  
risk of psychiatric and somatic diseases, 
as well as negative social consequences,  
later in life.

• Half of all mental disorders in adults are 
evident before the age of 14, and 75% 
evident before the age of 24.

• 15% of Danish children are diagnosed 
with a mental disorder before the age 
of 18.

• ADHD, autism and anxiety disorders 
are among the most frequent mental 
disorders in children and adolescents.

• 20% of Danish adolescents have  
displayed self-harming behavior  
– and numbers are rising. The number 
of suicide attempts for girls aged  
10-24 years has tripled in recent  
decades.

• Mental disorders in children often lead 
to school absence, social isolation and 
impair development of social skills, 
leading to decreased quality of life.

• Most mental disorders in childhood  
can, to some degree, be treated  
but currently tend to continue into 
adulthood.

Child doing a speed test of his fine motor function

Peg board test of fine motor function.

Play is essential to development as it contributes to the cognitive, 
physical, social, and emotional well-being of children and youth.
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