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A European research project examining how 
biological, psychological, and environmental factors 
during adolescence may influence brain development 
and mental health.  
 
Using brain imaging and genetics, the project will help 
develop prevention strategies and improved therapies 
for mental health disorders in the future. 
 
Commenced in 2008 

 
 
 

What is it? 
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Sites involved 

2100 adolescences assessed at 14, 16, 19 and 22 years of age 



Funding 

• Initially funded by the European 
Commission 
• MRC 
• NIHR 
• Swedish Research Council 
• German Federal Ministry of Research & 
Education 

• National Institute for Health Research USA 
• National Institute on Drug Abuse USA. 



Objectives 



Objective 1- Psychology 

• Identify psychological traits implicated in 
frequent psychiatric disorders  
• ‘Intermediate phenotypes’ – measurable 
behavioural, psychological, and biological 
markers that may precede clinical diagnoses.  

• IMAGEN is focusing on reward/punishment, impulsivity, 
and emotional response. 



Objective 2- longitudinal 

• Longitudinal to determine predictive value 
of psychological or biological traits 
• Adolescence is a vulnerable period  
• Many psychiatric disorders have onset in 
early adulthood, suggesting that differences 
in psychological and/or biological processes 
during adolescence may have a causal or 
modulatory role in their development.  

• IMAGEN follows adolescents over time to infer causality 
of these psychological and biological traits before the 
presentation of clinical symptoms. 



Objective 3- genetics 

• Genetic underpinning of sensitivity to 
reward/punishment, impulsivity, and 
emotional responses. 

• Genome-wide analysis, identification of 
naturally occurring genetic variations 
(single nucleotide polymorphisms- SNPs), 
variations in gene expression and 
variations in epigenetics.  



Objective 4 Neuroimaging 

• Structural and functional brain imaging at 
three time points  

• Relate individual differences in brain 
structure and activity to cognition and 
behaviours linked to frequent psychiatric 
disorders 



Objective 5 Genetics/imaging 

• Relate brain structure and function to 
inter-individual differences in genetics 
(e.g., SNPs and epigenetics).  
• emphasis on genome-wide analyses as 
opposed to candidate gene approaches.  



Objective 6- Environment 
• Environmental effects on adolescent 
brain development and psychological 
traits linked to mental illness 
• Characterized experiences at school and 
home, interactions with parents, friends, and 
peers, and substance use.  

• Understand how genetics interact with 
the environment to modulate brain and 
behavioural development. 



Methods 



Baseline Assessment 
• Researchers visited100 schools to explain 
the study to students and teachers.  

• Participants and parent invited to test 
centre for a day. 
• Structural and functional MRI (emotional 
processing, behaviour inhibition and reward 
sensitivity).  

• Written and computer-based assessments 
examining a intelligence, emotional response, 
substance use, and personality etc. 

• Blood samples for genetic analysis.  
• Family history including period of pregnancy. 



Follow up 1 

• At age 15-16 participants and their 
parents contacted again 

• Both participants and their parents asked 
to repeat a number of online 
questionnaires at home.  
• Focused on topics such as personality, 
environmental influences and alcohol and 
drug use.  



Follow up 2 
• 18-20 years old: further assessment 
similar to baseline. 
• Also in-depth interview on alcohol and 
substance use.  

• Further blood sample for gene expression 
• Participants and parents repeated online 
questionnaires at home focused on 
personality, physical development, and 
mood.  

• Biological parents provided saliva samples 
for genetic analysis. 



Follow up 3  

• Commenced in 2016 (young adults).  
• Anatomical MRI and fMRI, blood samples, 
assessment of substance use and 
cognitive and neuropsychological 
performance. 

• New sequences added 
• Some abdo scanning at Nottm. 



Cross site compatibility  

• ADNI protocols 
• Significant effort to match MPRAGE 

• Gareth Barker and Ruediger Bruehl 
• Maintain compatibility longitudinally  
• Left hand side of brain smaller than right 
hand side 
• On GE and Siemens scanners 



MR protocol 

• MPRAGE 
• DTI 
• 3 task based fMRI scans 
• (Noddi) 

• Nottingham: MT 
• Nottingham: Abdo fat 



Uncompromising management 



Using the data set 



Outputs 

H=22 



Outputs 



Effect of Genes on Brain Region Size 

• Common genetic 
variations related to 
the normal 
morphological 
development of 
subcortical structures. 

• ENIGMA project: 
30,000 individuals 
aged 9-97 years old.  

Shape analysis in 1,541 
young healthy adolescents 
shows that common genetic 
variation rs945270, is related 
to increases in volume of 
putamen. 
 
Hibar et al Nature 2015 
 



Combining datasets 

C-VEDA 10000 families in 
India 

ABCD protocol 10000 families in USA 

ENIGMA combining datasets 



Is it possible to predict binge drinking? 

Conscienciousness 

Romantic 
Events 

M
odel w

ith 70%
 predictive value Whelan Nature 2014 



Is there a ‘binge drinking gene’? 
• Adolescents with particular variation of 
RASGRF-2 (associated with reward) drank 
alcohol more frequently.  

• Boys with RASGRF-2 variant showed 
stronger activation of ventral striatum when 
awaiting reward.  

Activity during reward anticipation and 
reward feedback.  
 

Association between RASGRF-2 
variation and brain activity in the 
ventral striatum.  
 Stacey, D. PNAS 2012.  

 



DNA changes and adolescent drinking 
• Epigenetic changes in PPM1G were 
associated with increases in drinking, 
impulsive behaviour and activation of 
subthalamic nucleus (responsible for 
behavioural control) (Stop Signal Task) 

 

Rugerri et al AJ Psychiatry, 2015 
 



Risk taking, reward and substance abuse 

• Subjects with more substance use 
problems showed with more risky 
behaviour assessed from gambling 
task 

• Riskier behaviour associated with 
lower activity and grey matter density 
in ventral striatum even without 
substance abuse 

• Riskier behaviour and brain activity 
link was observed even without any 
substance use, suggesting that the 
link exists before the onset of 
substance use.  

Schneider et al. AJ Psychiatry, 2012. 
 



Conclusion 

• Large, multimodal, carefully controlled, 
longitudinal data set 

• Huge wealth of data, which may take a 
generation to analyze 



Volunteers 
Funders 
Scanner Operators: Mehri Kaveni 
Interns: Mitchel Rae 
Ras: Susie Taplin, Emma Lethbridge, Alicia Hurford 
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