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Abstract

Mental disorders represent an increasing personal and financial burden and yet treatment
development has stagnated in recent decades. Current disease classifications do not reflect
psychaobiological mechanisms of psychopathology, nor the complex interplay of genetic and
environmental factors, likely contributing to this stagnation. Ten years ago, the longitudinal
IMAGEN study was designed to comprehensively incorporate neuroimaging, genetics, and
environmental factors to investigate the neural basis of reinforcement-related behaviour in normal
adolescent development and psychopathology. In this article, we describe how insights into the
psychobiological mechanisms of clinically relevant symptoms obtained by innovative integrative
methodologies applied in IMAGEN have informed our current and future research aims. These
aims include the identification of symptom groups that are based on shared psychobiological
mechanisms and the development of markers that predict disease course and treatment response in
clinical groups. These improvements in precision medicine will be achieved, in part, by employing
novel methodological tools that refine the biological systems we target. We will also implement
our approach in low- and medium-income countries to understand how distinct environmental,
socio-economic and cultural conditions influence the development of psychopathology. Together,
IMAGEN and related initiatives strive to reduce the burden of mental disorders by developing
precision medicine approaches globally.

Introduction

Mental disorders account for 22.9% of years lived with disability! and are an increasing
financial public burden, costing Europe €798 billion? and the USA $2.5 trillion in 20103.
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Improving how we identify at-risk individuals and subsequently treat them could reduce
such costs. However, current treatments are based on categorical diagnoses and have not
advanced in part due to pharmaceutical companies disinvesting from mental disorders due to
the high cost of clinical trial failures where candidate drugs targeted symptoms and not the
underlying psychobiological mechanisms?. Furthermore, successful preclinical findings
from animal models have not translated to humans®: 6. Therefore, there is a therapeutic
stagnation that urgently needs addressing.

While traditional psychiatric nosology considers mental disorders as distinct from one
another, an alternative notion is that mental disorders might constitute an end of one or more
quantitative behaviour traits. This suggests that traditional psychiatric diagnoses can be
deconstructed into behavioural domains that reflect specific underlying neural processes.
However, current psychiatric diagnoses do not take into account underlying
psychobiological processes but, rather, rely on patient self-report symptom information and
behavioural observation. It would, therefore, be beneficial to develop effective treatments for
specific populations of patients according to the relevant pathophysiology of their
symptoms’, an approach called “precision medicine’ gaining traction in other areas of
medicine such as cancer®.

Until recently there have not been large enough datasets that simultaneously acquire data
across different behavioural and biological domains over time. Some ongoing longitudinal
cohort studies are prospective birth cohorts, such as the Avon Longitudinal Study of Parents
and Children (ALSPAC; http://www.bristol.ac.uk/alspac/) study and the Generation R study
(https://generationr.nl/researchers/), enabling researchers to identify early life, including pre-
and perinatal, influences on physical, behavioural, and cognitive development. Longitudinal
studies following twins, such as the Twins Early Development Study (TEDS; https://
www.teds.ac.uk/) and its sister study, the Environmental Risk (E-Risk; http://
eriskstudy.com/) Longitudinal Twin Study, are disentangling the influence of genetics and
the environment on behavioural development. And while participants in these large studies
are richly characterized, the IMAGEN study was one of the first in which participants
undergo repeated biological sample collection, including neuroimaging, genotyping, DNA
methylation, and gene expression, as well as behavioural and cognitive characterization. The
Adolescent Brain Cognitive Development (ABCD; https://abcdstudy.org/) study, which was
conceptually inspired by IMAGEN, has recently recruited more than 12,000 9-10 year olds
to be followed for ten years. During this time the participants will be repeatedly assessed on
their physical and mental health, neuroimaging, cognition, substance use, culture/
environment, and biospecimens obtained for DNA, hormones, as well as substance use and
toxin exposures. Such large longitudinal multimodal studies are well placed to identify
psychobiological markers of mental disorders that could be used to stratify patients above
and beyond traditional symptom classification.

How IMAGEN investigates the development of mental disorders

Common mental disorders, such as internalizing, externalizing, and thought disorders
emerge in late adolescence and early adulthood, with half of the lifetime burden emerging by
the mid-teens and 75% by the mid-20s. This suggests a need to identify biological markers
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earlier in the course of the disease process. As adolescence is a period of much social,
physical, and neurobiological change, it offers a prime opportunity to study the
psychobiological and environmental factors that might engender the development of mental
disorders.

Such was the rationale for the creation of IMAGEN, a longitudinal neuroimaging-genetics
study of adolescents with a focus on reinforcement behaviours (i.e., impulsivity, reward
sensitivity, and emotional processing) in normal development and psychopathology®. Over
2,000 participants were initially assessed at age 14 (Baseline) and followed up at ages 16
(Follow-up 1: n=1700), 19 (Follow-up 2: n=1500; see Table 1 for mental health disorder
prevalence), and 22 (Follow-up 3, ongoing: n>1300). The neuroimaging battery,
standardised across study centres and held constant across time, consists of a high-resolution
structural scan (T1 MPRAGE), three functional MRI (fMRI) scans (Monetary Incentive
Delay (MID), Stop Signal Task (SST) and Emotional Faces), resting state fMRI, and 32-
direction diffusion tensor imaging (DTI), with neurite orientation dispersion and density
imaging (NODDI) added at Follow-up 3. Blood was collected at Baseline, Follow-up 2, and
Follow-up 3 to support genome-wide (GWAS), epigenome-wide (EWAS), RNA, proteomic
and metabolomic analyses. Clinical and self-report measures acquired information on
personality, familial psychopathology history, substance use, cognitive function, stress, and
family dynamics. Follow-ups 2 and 3 incorporated additional measures to capture potential
environmental moderators (e.g., childhood trauma, urbanicity) of reinforcement behaviours
and neural processes. The breadth of data acquired across IMAGEN participants’
adolescence has placed the study in a unique position to understand the interplay of factors
influencing the development of common mental disorders.

We set out to identify psychobiological mechanisms that predict the development of
clinically relevant symptoms in adolescents and also predict disease course in clinical
groups. In support of the former, a requisite for good precision medicine, we also want to
understand how these aims are impacted in low and medium income countries (LMIC) with
distinct environmental and sociocultural conditions, thus ensuring a globally viable
approach. We have begun addressing these aims by 1) developing novel methods that
support the analysis of large multivariate datasets; 2) taking full advantage of the multimodal
longitudinal design to see how data at age 14 predict clinically relevant symptoms at later
ages; 3) establishing a comparable study of clinical groups through which we can see if
markers identified in (2) are still applicable in patients; and 4) harmonizing assessment
protocols in a number of global LMIC adolescent cohorts. In this prospective review we
discuss the achievements over the past 10 years and ongoing initiatives to reduce the burden
of mental disorders through precision medicine.

Why it is important to identify psychobiological mechanisms of mental

disorders

A major hurdle to elucidating the psychobiological basis of psychiatric disorders is the
heterogeneity in symptom presentation. Therefore, to better understand such phenotypic
complexity, we must move from dichotomous disease classifications to ones that reflect
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underlying biological mechanisms — which may show similarities across traditionally
distinct symptom groups. Of particular relevance are individual differences in quantitative
psychological traits related to reinforcement behaviors such as impulsivity, reward
sensitivity, and emotional reactivity. These behaviors and their neurobiological processes are
essential for the survival of the human species. However, when these processes deviate from
normal they can lead to pervasive problems such as substance abuse disorders, affective
disorders, and externalizing disorders®18, It was therefore essential that we study these
neurobiological processes and resulting behaviors in a normative sample during the
neurodevelopmental period when the relevant brain areas are maturing.

To date, investigation of the IMAGEN dataset has yielded significant progress in the
identification of psychobiological mechanisms of reinforcement behaviours; there are over
100 IMAGEN publications identifying the neural and genetic influences on mental health
disorder symptoms. To illustrate this, we have selected studies that are multimodal (i.e.,
utilize multiple phenotypes including behaviour, MRI, and genetics) and/or are either
transiational (i.e., incorporate pre-clinical models) or transdiagnostic (i.e., investigate
biological mechanisms across/within diagnostic boundaries) in their exploration of the
psychaobiological underpinnings of mental disorders. The findings presented in this
Perspectives article not only highlight the methodological and scientific achievements of the
IMAGEN and other cohort studies but also provide context for discussing how their
application has clinical relevance.

Methods to elucidate neural mechanisms of mental disorders

Alterations in reinforcement-related neurobiological systems could help explain the
development of mental health disorders but with the large amounts of data being generated
in rich phenotypic cohort studies such as IMAGEN, standard statistical approaches (e.g.,
linear regression) are neither robust nor flexible enough. As described below, we have
implemented methods that enable simultaneous multivariate examination of behavioral data
with high-dimensional data (i.e., neurobiological and genetic data), as well as data-driven
dimension reduction (variable selection) that maximizes statistical power to detect
meaningful relationships between neurobiological, behavioral, and genetic data.

Employing novel methodological tools might improve precision medicine by refining the
biological systems we target. Through simultaneous integration of large amounts of data
(i.e., whole-brain neuroimaging and whole-genome sequencing) we can maximize the
likelihood of identifying key mechanistic players. Methods such as factor analysis and
adapted voxel-wise weighted correlated network analysis (WCNAZ!8) can characterize
networks of interdependent brain regions, as opposed to identifying single regions of interest
as per the traditional fMRI mass univariate approach. Using WCNA we identified a
coordinated network of 21 brain areas active during reward anticipation and found that
activation was differentially associated with externalizing behaviors: activation in the
striatum was related to hyperactivity symptoms whereas activation in the occipital cortex
was related to alcohol consumption®. These seemingly incongruent findings are some of the
first indications that coordinated activity of regions within a network can manifest as varied,
but related and sometimes comorbid, psychopathologies.
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Disorders associated with deficits in reinforcement behaviours might arise via common
neural mechanisms (helping explain the symptomatic comorbidity that exists across
disorders) or distinct neural mechanisms (accounting for some of the phenotypic
heterogeneity between some disorders). We found that impulsivity-related neural networks
explain common and unique variance across externalizing disorders. Exploratory factor
analysis on the Stop Signal Task found reduced activation in successful inhibition networks
was related to substance misuse whereas reduced activation in stop fail networks was only
related to ADHD symptoms, suggesting distinct inhibitory control mechanisms contribute to
these disorders. The same factor analysis-derived impulsivity networks were entered into a
series of structural equation models along with externalizing symptoms: increased activation
during successful inhibition (presupplementary motor area and precentral gyrus) was
common to ADHD, conduct disorder (CD), and substance use but low activation during
failed inhibition (frontal cortices) was only related to ADHD/CDY’. The identification of
shared neural mechanisms of impulsivity in ADHD and CD suggests therapies targeting
these networks could improve multiple externalizing mental disorders. These findings
necessitate incorporation of longitudinal data to see if the same neural signatures predict
these symptoms in late adolescence/early adult adulthood.

Genetic impact on neural mechanisms of mental disorders

The aforementioned relationships between neurobiology and mental disorder symptoms may
be partly due to genetically-induced neurobiological differences in brain structure and
function?®: 21, Using genome-wide complex trait analysis?2 23, a method that enables the
simultaneous inclusion of single nucleotide polymorphisms (SNPs) across the genome rather
than the numerous univariate tests of a standard GWAS, we found that 44-54% of the
variation in intracranial volume, total brain volume, and hippocampal volume is explained
by the additive effect of single nucleotide polymorphisms across the genome24. This method
may prove more comprehensive than traditional GWAS studies where single SNPs account
for 0.5% or less of the variance in these measures. When pooled with 30,000 datasets from
ENIGMA, a global imaging genetics consortium, we found that individual genetic variants
explained 0.52% of variance in putamen volume2®. The SNP with the strongest effect on
putamen volume was subsequently linked to ADHD scores26.

Reinforcement-related brain function is also heritable?” and we find that both the genetics
and neurobiology of reward sensitivity are linked to mental disorders. The most consistent
findings involve GTPase proteins, which influence synaptic signalling/signal transduction
(e.g., through regulation of vesicle transport, actin cytoskeleton dynamics, and dendritic
spine plasticity?® 29). Associated genes, such as synaptic signalling gene Ras suppressor 130,
ras-specific guanine-nucleotide releasing factor 23132, ADP-ribosylation factor 633, and
Kalirin34 have been found to affect alcohol consumption as well as ventral striatum function
in both animal models and IMAGEN participants. The next empirical step would be to test
whether these biological mechanisms relate to drinking behaviour in patients with alcohol
use disorder.

Our translational results indeed suggest conserved modulatory roles of genetics and
neurobiology on behaviour across species. Mielenz et al 3° reported that EF hand domain
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containing 2 (EFhd2) knockout mice had increased alcohol consumption and low-anxiety
phenotype. This was corroborated in the IMAGEN sample where the rs112146896 SNP had
a positive association with lifetime drinking and a negative association with anxiety
symptoms. Such translational approaches are essential as they may improve the likelihood
that clinical trials show therapeutic efficacy in humans by incorporating genetics, potentially
reducing the number of treatment non-responders.

Sex differences in neural mechanisms of mental disorders

While genetics can shed light on the heritability of mental disorders, linking them to
measures of neurobiological structure and function could suggest new therapy targets. But
mechanistic understanding does not stop there, as our research suggests neurobiological
mechanisms vary according to demographics such as sex. A SNP in the kinectin-encoding
KTN1 gene (associated with organelle motility and associated with putamen volume25) was
found to interact with sex such that stronger putamen activation during reward anticipation
was seen in girls with more copies of the C alleleZ®. Furthermore, stronger putamen
activation was correlated with less severe ADHD symptoms. In another study, we combined
data from three independent cohorts and found that in boys who used cannabis, higher
polygenic risk scores were associated with lower cortical thickness. Another sex-dependent
finding emerged in our work examining neural activation modules during reward
anticipation!®. Of 21 modules identified, striatal node activation was negatively correlated
with hyperactivity in boys. Notably, through GWAS analysis we found that vacuolar protein-
sorting associated protein 4A was negatively associated with striatal node activation and
positively associated with hyperactivity in boys. These findings highlight how sex plays a
key role in understanding the relations between genetic and neurobiological mechanisms of
psychiatric disorders, certainly when we consider the known sex differences in mental
disorder prevalence36. Unfortunately, sex differences are often ignored in mental disorder
clinical trials research3’. These data advocate that future mental health research investigate
interindividual factors that affect treatment efficacy, as it may be sensitive to not only sex38
but also differences in their environment.

Environmental impact on neural mechanisms of mental disorders

Adverse environmental experiences such as neighbourhood deprivation3?, air pollution0,
childhood maltreatment#!, and even common stressful life events*2 are associated with
higher rates of mental disorders in young people but for many years the neurobiological
underpinnings of such relationships were unknown. The advent of neuroimaging has enabled
researchers to identify structural neural correlates of maltreatment#3: 44, and urban
upbringing®®; generally, these early life stressors are associated with smaller brain structures
in adolescence and adulthood. However, few studies have incorporated mental disorder-
relevant behavior, neuroimaging, and environmental variables. For example, peer
victimization has been shown to be a contributor to mental health disorders6: 47, even above
and beyond that of family background and genetic risk#8, but if and how the brain moderates
these relationships was unknown. In IMAGEN we showed for the first time that peer
victimization results in increased generalized anxiety in part by affecting the rate of
structural brain development across adolescence®®. Early interventions to reduce these
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exposures could mitigate the changes in brain structure underlying the development of
mental disorders.

In addition to brain structure we find that brain function is also impacted by one’s
environment. Fourteen-year old IMAGEN participants with high levels of conduct or ADHD
symptoms had stronger activation in the amygdala, an area crucial for emotional processing
and response, during emotional face processing only when they had also experienced a high
number of stressful life events in the previous year — an interaction not observed in
internalizing symptoms®C. The phenotypic richness of the IMAGEN study is helping unpack
the relationship between environmental risk factors, neurobiology, and mental health.

The most commonly studied environmental influences, such as trauma and stress, concern
an individual’s life events and are generally captured via self-report. Satellite technology is
providing a uniquely objective window into the past and how the evolution of one’s physical
environment also impacts their mental health. Urbanization is one of the greatest modern
environmental challenges and indices such as ground level population, vegetation, and night
light can be quantified using remote sensing satellite data. We have started to explore how
urban living relates to brain structure, function, and symptoms of depression in
adolescents®L. In addition to risk factors, such as urbanicity, for the development of mental
disorders, satellite data is also showing promise in identifying factors that might convey
resilience, such as green space®2->3 against them.

Using longitudinal data to develop prediction and developmental trajectory

models of mental disorders

In order to get an accurate handle on risk and resilience factors for developing mental
disorders or begin to develop therapies and study their behavioural impact/effects over time,
we first need to understand how potential psychobiological mechanisms related to these
behaviors develop over time. While the cross-sectional IMAGEN papers have generated
novel insights into the genetic and neural networks that characterize psychopathology-
relevant behaviours in early adolescence, for most of the identified neurobehavioral
mechanisms the question remains: do these mechanisms of psychopathology symptoms at
age 14 predict clinically relevant behavior in late adolescence/early adulthood? Whilst few
studies incorporating age 19 data have been published, data from age 14 has successfully
predicted psychopathology symptoms at age 16. Reduced activity in the ventral striatum
during reward anticipation predicted problematic drug use in novelty seeking adolescents>*
as well as the transition to subthreshold or clinical levels of depression®°. While the latter
finding suggests a neural mechanism across the risk spectrum for depression, together the
results provide good evidence that a shared neural mechanism could help identify
individuals at risk for developing these comorbid diagnoses®®.

Using a machine learning approach we generated a multivariate model that identified 30
variables from 6 domains (personal history, personality, genetics, brain, cognition,
demographics) that correctly predicted 66% of binge drinkers and 73% of future alcohol
binge drinkers®” with personal history, personality, and neural domains being the most
predictive. This multivariate prediction profile serves as a methodological benchmark and
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highlights how the incorporation of variables across many domains outperforms a univariate
approach, explaining more variance than any single measure. Developing a sparse model in
an informed way by selecting the best predictors (i.e., personality, personal history, brain
structure) (Figure 1) would be cheaper to assess than the full model and could be more
widely distributed. However, we aim to improve prediction accuracy by refining our
methodological approaches and applying the predictive classifiers to clinical data — a vital
step to translating identified neurobehavioral mechanisms to the intended patient target

group(s).

In addition to identifying psychopathology predictors we aim to establish longitudinal
trajectories of neurobehavioral development during adolescence and young adulthood that
relates to reinforcement-related psychopathology. In a recent study we identified a groups of
adolescents who were chronically victimized by their peers across adolescence®®. By age 19
these individuals had higher rates of anxiety, depression, and hyperactivity. The novel
finding was that the relationship between chronic peer victimization and generalized anxiety
was partially mediated by decreases in the volumes of the left caudate and putamen. These
data suggest that the experience of chronic peer victimization during adolescence might
induce psychopathology-relevant deviations from normative brain development. Availability
of neuroimaging data from age 22 will enable linkage of peer victimization trajectories with
trajectory curves of adolescent brain development. Examining longitudinal genetic,
epigenetic, and environmental data will help us elucidate which factors influence the
behavioral/neural trajectories and perhaps convey risk for, or resilience>8-%1 against, the
development of brain network configurations associated with mental disorders.

Exploration of IMAGEN-derived biological mechanisms in clinical samples

With each longitudinal follow-up, IMAGEN will continue to further our understanding of
"healthy" adolescent brain and behavioural development. However, as IMAGEN participants
were school-recruited, and not recruited because they had, or were at high risk for, mental
disorders, clinical phenotypes are limited in the normative sample. While most mental
disorders have their peak incidence during the second and third decades of life as measured
by first psychiatric treatment®2, half of the lifetime psychopathological burden of most
mental disorders can be detected by the mid-teens and 75% by the mid-20s83. This
illustrates that there is a time period of several years between the occurrence of first
symptoms and the first contact with psychiatric services (i.e., patients often present at a
point when severe psychopathology has developed, which gravely impairs daily
functioning). Furthermore, obstacles to early diagnoses are the facts that early behavioral
symptoms of later mental disorders are often unspecific and/or reversible. Therefore, the
identification of widely applicable early biological markers, which specifically predict the
development or remission of mental disorders and allow for targeted early interventions in
adolescence/early adulthood, is imperative.

To achieve this we are recruiting 800 patients (aged 19-25) with major depression, alcohol
use disorder, and psychosis, as well as controls, in the STRATIFY project. Furthermore, by
harmonizing the STRATIFY protocol to the IMAGEN protocol, we will be able to use
IMAGEN to identify a group of individuals at the extreme end of a clinically-relevant
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phenotype at age 19 or 22 and determine whether the biological signatures in those
individuals correspond to signatures identified in the clinical samples. We hypothesize that
comorbidity among these disorders is driven largely by alterations in neurobehavioral
reinforcement processes. Crucially, STRATIFY will also support backwards translation of
the clinically-derived biological markers to the IMAGEN sample, determining whether there
is predictive mechanistic overlap from age 14. This would subsequently allow for the
development of early interventions in adolescence that target specific neurobehavioral
phenotypes, thereby facilitating more efficient and cost-effective public health programs.

Going global: studying mental health in varied cultural and environmental

contexts

It is naive to assume that mental health therapies and programs will be universally effective.
Inherent in the quest for precision medicine is the understanding of how cultural and
environmental contexts influence the development of psychopathology®4. Until recently,
large-scale neuroimaging genetics studies have been relegated to the West, confounding the
generalizability to other countries and cultures. To address this knowledge gap, the
IMAGEN study has aligned itself with other global neuroimaging-genetics adolescent
cohorts, an effort called the Global Imaging Genetics of Adolescents (GIGA). It will enable
comparative research on brain development and behavior in different cultures, environments
and ethnic groups, both in industrialized nations and low- and medium-income countries
(LMIC). A great burden of mental disorders exists in LMIC with environmental and
sociocultural factors distinct from High Income Countries (HIC). For example, in many HIC
planned urbanization results in improved availability and quality of infrastructure. In
contrast, LMIC often experience rapid urbanization with lack of planned infrastructure
leading to increased poverty and environmental diversity, as well as increased rates of
anxiety, depression, and substance abuse. Environmental factors related to urbanization are
the most rapidly growing cause for mental illness.

While Europe and North America are among the most urbanized regions, India will contain
404 million urban dwellers by 20206°. Furthermore, alcohol use disorder, with a prevalence
of 17% (www.nhp.gov.in/healthlyliving/alcohol-use-disorder) and a high comorbidity with
other externalizing disorders®®, comprises a large share of India’s mental health burden and
will likely increase as people endure the stresses of urbanization®’. As part of GIGA, the c-
VEDA (Consortium on the Vulnerability to Externalizing Disorders and Addictions) project,
a joint venture between the United Kingdom and 6 centers in India, will recruit 10,000
participants (age 6-23 years) over four years, 1500 of whom will undergo an MRI scan. The
c-VEDA protocol significantly overlaps with IMAGEN but has added relevant domains
(e.g., neurotoxins, air pollution, nutrition). The study has an accelerated longitudinal design
to facilitate better understanding of brain growth and maturation trajectories, as well as
identify the environmental and biological vulnerabilities to mental health problems.

The GIGA data from IMAGEN and c-VEDA are being enhanced by several cohorts in
China and North America. Beijing Normal University, Tianjin Medical University, Peking
University and Fudan University will contribute behavioral, neuroimaging, and genetic data
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from ~15000 healthy children and adolescents. The U.S.-based Adolescent Brain Cognitive
Development (ABCD) project is following almost 12,000 individuals from ages 9 to 19.
Central to the mission of GIGA, we are harmonizing the protocols among the cohorts,
covering domains of environment/early life exposures, substance use, personality, and
psychopathology (see Table 2). The multivariate analysis tools we have developed in
IMAGEN can be applied to the GIGA cohorts, enabling mega analyses as well as
comparative studies across cohorts, cultures, and geographical regions.

Pertinent questions that can be addressed using multiple cohorts include, but are not limited
to: 1) Are there common biological mechanisms (neural constructs, genetics) underlying
mental health disorders across cultural and ethnic backgrounds? That is, do neural constructs
related to mental health disorder symptoms identified in the Western European IMAGEN
cohort hold in China, India, and the USA? 2) Are such mechanisms differentially modulated
according to unique cultural or environmental contexts? To help answer these questions we
need globally applicable quantitative environmental measures acquired over time. While
GIGA has strived to harmonize assessments across the cohorts, they are not all directly
comparable. Another way to acquire globally applicable measures is through remote sensing
satellite data, which have been recorded continuously since the 1970’s and can, therefore,
provide suitable indices of the evolution of the natural and urban environments. From the
satellite data we can extract environmental indices unique to an individual and then relate
them to biological and behavioral data. Recently completed work explored whether brain
differences related to urbanicity were similar or distinct between two of the GIGA cohorts®?,
the Chinese-based CHIMGEN study and IMAGEN.

Conclusions and Impact

The current state of psychiatric diagnoses and treatment is based on symptoms presumed to
be identical in all individuals with a particular diagnosis, but this generalized approach is not
feasible. Up to a third of individuals do not respond well, if at all, to pharmacotherapy, with
mixed results for limited research into non-pharmacological interventions®8. Findings from
the IMAGEN study suggest the reason for such differential responses to therapy lies in the
heterogeneity of the biological factors underlying psychopathology-relevant symptoms. To
date our research efforts have identified functional and structural neural networks, often
stratified by genetics, which are common and distinct among psychiatric symptom clusters
and traditional diagnostic disorders.

Despite the academic advances made thus far, IMAGEN cannot address all mental disorder
mechanism research questions. One consequence of IMAGEN recruiting a 14-year old
population cohort is that we cannot identify psychobiological mechanisms of disorders with
an earlier presentation, such as autism spectrum disorder or early onset anxiety disorders,
eating disorders, etc. Furthermore, potential participants were excluded if they had been
previously treated for bipolar disorder or schizophrenia. IMAGEN is not suited to examine
certain environmental influences such as nutrition or hazardous exposures as participant
families were of a relatively homogeneous socioeconomic Western European background.
Lastly, due to a 25% attrition rate longitudinal multivariate research efforts may result in
smaller sample sizes and reduced power for some statistical analyses. These are just a few

Mol Psychiatry. Author manuscript; available in PMC 2020 May 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Burke Quinlan et al. Page 12

reasons highlighting the importance of large diverse studies such as those comprising the
GIGA consortium. The GIGA consortium is also a good model for a future international
cooperative based on STRATIFY in order to enrich the dataset and augment patient numbers
per diagnosis.

Precision medicine aims to harness knowledge gained from studies like IMAGEN in order to
match the right patientto the right therapy. We need to understand not only the
psychobiological underpinnings of symptoms but also how a person’s environment factors
into the development of mental disorders. Protocol harmonization across international
neuroimaging-genetics studies will enable us to validate the mechanistic findings from the
IMAGEN project in different cultural and environmental contexts. In support of this we are
developing novel analysis methods that can be applied to other large multivariate datasets to
generate parsimonious predictor profiles of mental disorders. Ultimately, our approaches
will advance precision medicine in mental health by allowing accurate patient stratification.
By doing so, pharmacological, behavioral, and environmental interventions could be
developed and implemented at an earlier stage in the disease process, improving quality of
life and reducing countries' mounting fiscal burdens.
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Figure 1.

Clgassification accuracy of variables from six domains predicting age 16 binge drinking using
data from age 14. Position on the x-axis represents the correlation between each variable and
binge drinking. Based on data from Whelan et al 2014 52, CANTAB = Cambridge
Neuropsychological Test Automated Battery; ESPAD = European School Survey Project on
Alcohol and Other Drugs; GMV = gray matter volume; LEQ = Life Events Questionnaire;
MID = fMRI Monetary Incentive Delay task; NEO = NEO Personality Inventory; PBQ =
Pregnancy and Birth Questionnaire; RT = reaction time; SURPS = Substance Use Risk
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Profile Scale; SST = fMRI Stop Signal Task; SWM = Spatial Working Memory; TCI =
Temperament and Character Inventory.
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Table 1
Counts and percentage of mental health disorders’ in IMAGEN at age 19 (n=1525).

Mental disorder symptom  Count and percentage

Any disorder 204 (13.4%)

Emotional disorder 168 (11.0%)
Generalized anxiety 42 (2.8%)
Major depression 47 (3.1%)

ADHD 10 (0.7%)
Eating disorder 29 (2.0%)
Psychosis 4 (0.3%)

*
assessed using the Development and Well-Being Assessment (DAWBA)
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Shared assessment domainsfor the GI GA cohorts.

Table 2

Domain

Assessment

Sociodemographic information

MRI

Anthropometrics

Biological Information

Environment/Early life exposures

Temperament/Personality

Mental health disorder symptoms

Mol Psychiatry. Author manuscript; available in PMC 2020 May 01.

Resting-state fMRI

Structural MRI (T1)

Diffusion Tensor Imaging (DTI)

BMI

Saliva

Blood

Socioeconomic information

Urbanization

Pre-/peri-natal information

Childhood maltreatment

Family/community violence

Life events

Parenting style

Mobile phone use

Inhibition/impulsivity

Reward sensitivity

Substance use

Anxiety

Depression

Page 20
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Domain Assessment

Conduct disorder

ADHD

Psychosis

Neuropsychology

Cognitive ability/IQ

Emotional attention
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