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Abstract

Psychology as a science offers an enormous diversity of theories, principles, and
methodological approaches to understand mental health, abnormal functions and
behaviours and mental disorders. A selected overview of the scope, current topics
as well as strength and gaps in Psychological Sciencemay help to depict the advances
needed to inform future research agendas specifically on mental health and mental
disorders. From an integrative psychological perspective, most maladaptive health
behaviours andmental disorders can be conceptualized as the result of developmen-
tal dysfunctions of psychological functions and processes as well as neurobiological
and genetic processes that interact with the environment. The paper presents and
discusses an integrative translational model, linking basic and experimental research
with clinical research as well as population-based prospective-longitudinal studies.
This model provides a conceptual framework to identify how individual vulnerabil-
ities interact with environment over time, and promote critical behaviours that
might act as proximal risk factors for ill-health and mental disorders. Within the
models framework, such improved knowledge is also expected to better delineate
targeted preventive and therapeutic interventions that prevent further escalation in
early stages before the full disorder and further complications thereof develop.
In contrast to conventional “personalized medicine” that typically targets individual
(genetic) variation of patients who already have developed a disease to improve
medical treatment, the proposed framework model, linked to a concerted funding
programme of the “Science of Behaviour Change”, carries the promise of improved
diagnosis, treatment and prevention of health-risk behaviour constellations as well as
mental disorders. Copyright © 2013 John Wiley & Sons, Ltd.
The challenge

What determines the onset and progression of mental
disorders such as substance disorders, eating disorders
and anxiety disorders? What drives humans to develop
28–40 (2014). DOI: 10
and to maintain health-risk behaviours such as harmful
drinking and eating or smoking? Why are many individ-
uals able to control their substance use or eating
behaviours while others develop a persistent maladaptive
.1002/mpr
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behavioural pattern ultimately leading to dependence or
obesity, consequential disease and disability, and eventually
a loss of control over their life? Why are many people able
to cope with traumatic stress and anxiety, while others
develop increasingly severe avoidance behaviour resulting
in anxiety disorders and their sequelae such as helplessness
and depression? What are the critical trajectories from
maladaptive behaviours to (mental) disorders as defined in
classificatory diagnostic systems such as the Diagnostic and
Statistical Manual of Mental Disorders (DSM) (APA, 2000,
2013) or the International Classification of Diseases (ICD)
(WHO, 1991)? Can we modify critical developmental
pathways by directly targeting such mechanisms?

From a psychological and cognitive-affective neurosci-
ence perspective, such health-risk behaviours and mental
disorders can be conceptualized as the procedural and
developmental outcome of complex interactions of
individual genetic predispositions with the environment
and as neurobiological, psychological and social processes
within “personal biographies”. The brain as the essential
target structure is shaped by genetic factors, development,
environment and experience in multiple, highly complex
and probably individual ways. All human actions includ-
ing adaptive and dysfunctional decision-making involved
in health-risk behaviour and common mental disorders
are the result of complex interactions between (i) higher
cognitive processes such as the anticipation of long-term
consequences, the regulation of emotional impulses and
the inhibition of habitual responses in favour of long-term
goals, (ii) complementary forms of learning and memory,
and (iii) basic emotional, reward-related, and motivational
processes. Health-risk behaviours as well asmental disorders
also provide indirect evidence for latent sharedmechanisms.
They share many behavioural, cognitive and physiological
features suggesting the existence of similar etiological mech-
anisms, such as the “continued making of maladaptive
choices even in the face of the desire to make a different
choice” as a defining diagnostic criterion (APA, 2000), they
frequently “bundle together”, start predominantly early in
life and escalate temporally in similar patterns.

From a broader neuroscience perspective, mental disor-
ders can be conceptualized as insufficiently understood dys-
functions in basic psychological processes as well as
“perturbations” in brain functions at the cell and systems level.
The former processes can be conceived of as being centrally
involved in the behavioural, cognitive-affective and somatic
symptoms currently used to define mental disorders. The lat-
ter “perturbations” can broadly be described as various types
of dysfunction in complex structural and functional neural
circuits for information processing. Appropriate experimental
psychological paradigms in combination with brain imaging
Int. J. Methods
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methods, supplemented by molecular and biochemical analy-
ses, allow examining the complex, plastic interactions and the
connectivity of brain regions for different functions.

We still lack complete maps of such human circuitry
dysfunctions. For many conditions though, candidate
models exist and serve as a starting point (e.g. addictive
behaviours – involvement of reward circuitries, i.e. Koob
and LeMoal, 2001; fear and anxiety disorders – abnormalities
of the amygdala-based fear circuitry, i.e. Shin and
Liberzon, 2010). Corresponding candidate mechanisms
at the behavioural level include aspects of cognitive
control and volition, emotion regulation, meta-cognition,
and decision-related processes, such as evaluation, risk
perception and temporal discounting. However, the
diagnostic specificity, moderating or even causal role of
such highly complex “circuitry perturbations” in the
evolution of mental disorders and persistent health-risk
behaviours and associated clinical behavioural syndromes
(e.g. adipositas, obesity) remains unclear.
Core questions and critical domains

Despite impressive achievements we still lack answers to
core questions:

(i) How do complementary cognitive, affective, and
motivational systems interact dynamically, which
proximal and distal variables (e.g. acute or chronic
stress) modulate patterns of interactions among these
systems, and how do stable patterns of systems
interactions evolve as a result of genetic variation,
developmental change, and learning?

(ii) Which mechanisms underlie transitions from adap-
tive cognitive-behavioural patterns into maladaptive
patterns of persistent health-risk behaviours or
mental disorders? Are there critical developmental
windows of vulnerability? Are cognitive dysfunctions
(e.g. impaired volitional control) simply “constitu-
tive markers” or generalizable causal disease factors?

(iii) How can effective change of dysfunctional behaviour
patterns be induced and maintained by targeting
such mechanisms?

One promising way to address such questions is to
conceptualize mental disorders as maladaptive developmen-
tal processes, that reflect complex interactions of individual
genetic predispositions with environments within “personal
biographies” of psychological dispositions, associated with
characteristic changes in neural systems and circuitries. One
might also hypothesize that processes responsible for the de-
velopment of health-risk behaviours and the shaping of re-
spective vulnerabilities can be conceptualized on the same
Psychiatr. Res. 23(Suppl. 1): 28–40 (2014). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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theoretical grounds and that both unique and cross-cutting
pathways and mechanisms exist. Such an approach offers
the opportunity of addressing core questions; however such
an endeavour involves addressing a number of critical issues:

• Cognitive-affective factors and processes involved in
human action: There is a need for concerted efforts to
examine experimentally the neurocognitive mechanisms
underlying human behaviour and for example decision-
making. This includes better knowledge of cognitive
systems (Schumann et al., 2013), including modulating
influences (i.e. stress) and developmental (see later) tra-
jectories of adaptive and maladaptive patterns, such as
of decision-making and action control, in non-clinical
and clinical populations (see Goschke, 2014).

• Developmental mechanisms and pathways: Mental disor-
ders and health risk behaviours must be conceptualized
as occurring on multiple timescales and thus as “develop-
mental” in a broad sense. The concerted growth of regu-
latory mechanisms in early ages is a prerequisite for
adaptive behaviour and sustained mental health. The
brain’s developmental plasticity in early ages along with
prospective-longitudinal evidence that the onset of most
common mental disorders is centred in relatively small,
predominantly early timewindows in the lifespan (Kessler
et al., 2005; Beesdo-Baum and Knappe, 2012) renders a
developmental psychological perspective essential. Fur-
ther, determinants and modifiers of (mal-)adaptation
might arise from genetic/epigenetic factors as well as from
gene–environment interactions, all intersecting at the
level of functional and structural neurobiological func-
tioning during development, progressing from early pre-
natal and postnatal stages throughout the lifespan.

• Stress and environment: There is overwhelming evidence
that conditions of traumatic and chronic stress can signif-
icantly change the structure and functioning of brain cir-
cuits and significantly impact gene expression and
translation. Such plastic changes in peripheral physiology
and neural activity are linked to adverse health outcome
inmany animal diseasemodels. Characteristic differences
in neurotransmitter systems, immune systems functions,
and peripheral endocrine patterns follow stress exposi-
tion. Very likely, acute and chronic stress affects the de-
velopmental trajectory of health-risk behaviours also in
humans. Use of cutting-edge psychoneuroendocrine
methodology will help to understand the complex inter-
action patterns of stress and ill-health behaviour in chil-
dren, adolescents, and adults. Innovative methods to
measure “stress” will propel our understanding of the
mechanisms leading to health-risk behaviour and
resulting morbidity.
Int. J. Methods Psychiatr. Res. 23(Suppl. 1): 28–40 (2014). DOI: 10
Copyright © 2013 John Wiley & Sons, Ltd.
• Computational and other modelling approaches (e.g.
trajectory, latent growthmodelling) are central for model-
ling complex interactions in order to reduce the enormous
complexity, because there are no simple “causal” relation-
ships. There is a lack of explicit (e.g. computational or
connectional) models of the mechanisms and dynamics
of developmental change, which are needed to understand
how non-linear interactions among component processes
on different levels of analysis give rise to emergent proper-
ties (e.g. non-linear developmental trajectories; critical pe-
riods; stable patterns of dysfunctional regulation).

• Associated “reductionistic” mechanistic basic research is
needed ultimately to identify and examine the nature of
critical systems characteristics and putative causal mech-
anisms. This means that such an overall strategy needs to
be supplemented by stringent mechanistic behavioural
and biological experiments, where necessary also in ani-
mals and cells. This applies to interactions of putative
components within neural cells, cell systems and circuit-
ries, within different psychological processes and be-
tween neural circuitry and psychological processes.
Skilful data integration and modelling (systems biology,
computational neuroscience) can help to reduce com-
plexity so that specific hypotheses become testable in
concrete biological or behavioural models, which in turn
can feedback into the research design.

• Epidemiology and population genetics: Clinical samples
have only limited value for investigating potentially causal
interactions in many conditions. This is not only due to
the fact that subjects sampled from clinical populations
are typically suffering for many years, but also due to
confounding by selection bias, treatment effects and the
presence of comorbid conditions, that might have devel-
oped as a consequence of prior clinical conditions. They
also provide little information about normal and adaptive
processes, protective factors or preventive targets, this
limiting their value when it comes to identifying protec-
tive factors and resilience. Use of the full range of options
provided by descriptive and causal analytic epidemiologic
approaches to define cases/patients in all stages, as well as
population genetics and developmental psychology to de-
fine developmentally sensitive, prospective cohorts of rel-
evant phenotypes and genotypes are thus mandatory to
identify developmental and symptom pathways as well
as their critical trajectories.

• Clinical, treatment and translational perspective: Identi-
fying the potentially causal or mediating role of such
processes and interactions over time promises a better
understanding of when, how and why the evolved
mechanisms might fail or become dysfunctional. Such
insight can be seen as a precondition for testing
.1002/mpr
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similarities and differences in the evolution of specific
behaviours and syndromes and their malleability.
More importantly, such improved understanding also
provides the opportunity to identify potentially more
promising targets of intervention that aim less to
modify common symptoms, but rather directly to
allow modification of underlying core vulnerabilities
as well as core dysfunctional aetiological factors. This
might have tremendous potential, for example with
regard to optimizing targets as well as form and dose
of cognitive-behavioural intervention in patients as
well as preventive efforts.

• Symptom progression models and an integrative transla-
tional public health perspective: From such an integrative
translational perspective existing “symptom progression
models” are at least of great heuristic value (Figure 1).
Such existing descriptive models, though imperfect
and still largely speculative, assume a systematic
evolution of symptoms from initially transient to
more persistent and pronounced expressions, seen
as the result of critical interactions of vulnerabilities
with environmental and experiential influences and
their dysfunctional processing in developmentally
sensitive periods.
Figure 1. Examples for symptom progression models.

Int. J. Methods
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What might be the most promising targets?

Descriptive and empirically soundmodels are instrumental to
define starting points, for example with regard to the ques-
tions: What are putative core dysfunctional process targets?
What are the most critical trajectories in the developmental
pattern? What is the most promising and feasible strategy to
modify the progression trajectories from early preclinical signs
to clinically significant expressions. Such targeted strategy has
the potential of not only improving existing and deriving
novel interventions that could be adapted too early, in preclin-
ical (preventive) as well as in advanced clinical stages, but they
have also two evident additional advances. First, such an ap-
proach is likely to enhance the public health utility (benefits)
of research, because there is the premise that such early
targeted intervention will be associated with a higher
probability of reducing substantially the future burden.
Second, this strategy will at least partially avoid the traditional
“translational hurdles” of the conventional approach (see
Figure 2). Procedural developmental modelling in represen-
tative samples of low and high risk subjects, as well as of
clinical groups, is required to identify:

(a) the determinants of critical trajectories (e.g. adaptive-
to maladaptive, non-clinical to clinical),
Psychiatr. Res. 23(Suppl. 1): 28–40 (2014). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.



Figure 2. The conceptual framework for translation in clinical research.
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(b) specific and cross-cutting processes,
(c) novel “targeted” interventions.

It further carries the potential of greater research
synergies across disciplinary boundaries, and adds consid-
erable public health and translational utility, beyond major
impact on diagnosis and treatment.

As displayed in Figure 2, such a strategy requires an iterative
transdisciplinary multi-method approach in samples and
cohorts starting already at conception, respectively (very) young
age across to old age. More precisely, this strategy involves:

(i) Elucidating the “normative” (adaptive) expressions
of psychological functions and processes, their neurobio-
logical, molecular and genetic substrates, and their inter-
action by developmental stage in well-defined “normal”
populations with theory-driven, tailored task paradigms.

(ii) Modelling pathways and system interactions both at
a structural (e.g. latent trait and growth; reduction
of complexity, “higher order constructs”) and a
“mechanistic” level (e.g. circuitry processes,
computational neuroscience).

(iii) Validating, challenging and improving the derived
models by basic science experiments (e.g. cells,
Int. J. Methods Psychiatr. Res. 23(Suppl. 1): 28–40 (2014). DOI: 10
Copyright © 2013 John Wiley & Sons, Ltd.
animal models) to derive improved models for
further testing (e.g. systems biology).

(iv) Incorporating individual and contextual factors to
determine how functions, processes and circuitries
are developmentally influenced by learning, plastic-
ity, emotional traits, and stress.

(v) Applying the derived models in defined risk cohorts
to examine how, why, when and where system com-
ponents are affected and prospectively associated
with increased risk for onset.

(vi) Testing how and to which degree these dysfunctions
can be altered by interventions.

In the following, we provide four examples of how such
a strategy might be translated into concrete research action.

Examples for a translational agenda

Core topic A: Stress, fear, avoidance and anxiety
disorders

Fear and its anticipation (anxiety) and avoidance can be con-
ceptualized as normal emotional states comprising a typical
pattern of cognitive, affective, behavioural and physiological
.1002/mpr
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responses. Anxiety as a basic emotional state, reaction or trait
plays a significant role inmany critical health behaviours, such
as avoidance (withdrawal), smoking, drinking, drug abuse or
restrictive eating and plays an increasingly recognized role in
the pathogenesis of many clinical conditions.

Anxiety disorders, such as Panic Disorder, Agoraphobia,
Generalized Anxiety Disorder, Social Anxiety Disorder, Spe-
cific Phobias, Post-traumatic Stress-Disorder (PTSD) and
Obsessive-Compulsive Disorder (OCD) (according to ICD-
10 and DSM-IV) comprise a large group of phenotypically re-
markably different disorders, all of which, however, share
“anxiety” as a core defining feature and process in both the
initiation as well as themaintenance of the disorder over time.
Cutting edge epidemiological research of natural develop-
mental pathways has shown that the onset of anxiety disorders
is linked to relatively narrow, particularly sensitive develop-
mental periods, typically in childhood/adolescence. Such
studies have also shown that anxiety and anxiety disorders
(i) may be best conceptualized dimensionally, for example
with regard to frequency, severity and persistence, and (ii) that
anxiety disorders tend to co-occur over the lifespan and are
highly comorbid, with both, other “internalizing” (like de-
pression) disorders and with externalizing disorders (i.e. sub-
stance disorders) (for an overview, see Beesdo et al., 2009).
Sophisticated longitudinal “symptom progression models”
suggest various common escalating pathways in their patho-
genic expression, also involving the occurrence of other, tem-
porally secondary conditions such as depression, highlighting
in particular the detrimental effects of avoidance.

Avoidance behaviour of external and internal triggers
for anxiety is believed to be mainly responsible for the
progression and maintenance of anxiety disorders (Koerner
and Fracalanza, 2012). From a cognitive-behavioural perspec-
tive, avoidance decreases the probability of extinction, respec-
tively relearning as well as the establishment of alternative
behaviours. Changing avoidance behaviour is considered to
be central goal in the prevention and treatment of stress, fear
and anxiety spectrum disorders. Referring to psychological,
cognitive-affective neuroscience and neurobiological research
it has been proposed that based on shared psychological, envi-
ronmental and neurobiological factors and processes, the
disorders might be better called “Stress-induced and Fear
Circuitry Disorders”, emphasizing the critical interaction of
environmental and stress factors and dysfunctions in neural
circuitries as a core feature (i.e. OCD: frontal-striate cognitive
circuits; panic and phobias: abnormalities of the amygdala-
based fear circuitry; PTSD: amygdala, medial prefrontal cortex,
hippocampus) (Craske et al., 2009). Evidence for and the util-
ity of this conceptualization, however, is still lacking.

Cognitive-behavioural therapies (CBTs) are considered
to be first-line treatments for these disorders (Olatunji
Int. J. Methods
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et al., 2010). Despite the existence of various heuristical
models, it is not known why, when and how which compo-
nents of CBT are essential in promoting behaviour change.
The neurobiological and particular fear-circuitry underpin-
nings of thismethod remain unclear. Improved understand-
ing of such processes might have tremendous implications
not only in improving treatment by optimizing the formal
and content structure of CBT, but also for targeted
prevention of anxiety-related reactions and behaviours,
before the full syndrome is expressed clinically. Due to the
heterogeneity of CBT approaches and its many, though
variable, ingredients the core mechanisms of action of
CBT remain unclear. Recent critical research appraisals have
suggested highly promising strategies to identify the core
mechanisms of action with the promise of deriving
improved targeted and specifically tailored interventions
(Wittchen and Gloster, 2009) targeting directly dysfunctions
in preclinical/clinical stages of various fear/anxiety disorders.

Core research questions regarding basic mechanisms and
systems interaction concerning fear and anxiety might be:

(i) In what way are patterns of interaction between
complementary systems involved in reward-based
learning, motivation, and executive control different
in predromal and clinical anxiety conditions? In what
way is their modulation altered by emotions and stress?

(ii) How do neural circuits interact with psychological
mechanisms and behaviour? Do they differ by
anxiety type, developmental stage, and severity?

(iii) What is the specific role of fear circuitries and in
amygdale, medial prefrontal cortex, insula, and hippo-
campal regions in particular? What other circuitary
systems are involved?

(iv) Do abnormalities identified represent acquired signs
of the disorders (correlate, marker of severity) or
vulnerability or even (causal) risk factors that
increase the risk of developing the disorders? (e.g. can
we demonstrate that amygdala hyper-responsivity
occurs before the onset of specific phobia or social
anxiety disorder or OCD or PTSD?)

(v) Which behavioural and molecular factors influence
such patterns and processes, and which environmen-
tal (experiential, stress) factors are relevant in the
interactions arising?

Core research questions regarding mechanisms of
action of CBT are:

(i) What are the active core components of CBT (e.g.
cognitive versus behavioural-exposure) as well as their
mechanisms of action (e.g. activation of relearning
and neural plasticity)?
Psychiatr. Res. 23(Suppl. 1): 28–40 (2014). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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(ii) What are the core endophenotypes with good, respec-
tively poor response to various drug and behavioural
therapies, to advance knowledge about individualized
treatment strategies?
Core topic B: Addictive behaviours and addiction

Addiction is a complex phenomenon. Causes can be
identified from many perspectives. All perspectives have
some, though limited explanatory power and all seem to
provide, though limited, contributions to pragmatic
therapeutic interventions. One central feature is that
harmful substance use and substance use disorders are
associated with impairments of cognitive control. Addiction
(i.e. dependence according to DSM-IV-TR, APA, 2000) at
its clinical most severe expression is operationally defined
as the “continued making of maladaptive choices of
behaviours, even in the face of the explicitly stated desire
and decision to make a different choice” (APA, 2000) as
well as a loss of control over how and when the substance
is consumed (i.e. to continue smoking and drinking,
despite recognition of severe negative consequences).
Addictive drugs are hypothesized to drive maladaptive
decision-making through pharmacological interactions
with neurophysiological mechanisms evolved for normal
learning systems. However, how these interactions
drive maladaptive decision-making remains yet to be
determined. Adolescence as a period of growth, explora-
tion, change and neurocognitive and affective maturation,
is the core risk period for initial (first) use of and experi-
ences with psychotropic substances such as alcohol and
nicotine (Merikangas et al., 2010; Behrendt et al., 2008).
There is a need to identify, with a view to potential
interventions, why almost 20% of adolescents develop a dys-
functional substance use pattern or even dependence –while
80% will not – and derive targeted interventions from this
examination.

The profound neuron-adaptive and neurotoxic effects
of chronic dependent use on dopaminergic, serotonergic,
opiod and GABA-ergic systems and on pre-frontal and
limbic circuitry involved in affective learning is well
documented (Le Moal and Koob, 2007). The question,
however, which behavioural, cognitive-affective and
neurobiological factors are responsible for the initiation
and the trajectories from experimental, to regular, harmful
and dependent use, and vice versa, remains unanswered. A
series of hypotheses have been proposed that might
account for this failure. These range from genetic mecha-
nisms, over pharmacological interactions with neurophysio-
logic mechanisms evolved for normal learning systems to
dysfunctional interactions between normal learning systems
Int. J. Methods Psychiatr. Res. 23(Suppl. 1): 28–40 (2014). DOI: 10
Copyright © 2013 John Wiley & Sons, Ltd.
and the reward distribution of behaviours. Strong indica-
tions suggest that a compromised interaction of brain
systems involved in motivation, cognitive control and
executive functions, as well as basic motivational-affective
systems involved in the implicit processing of rewards,
incentives and emotional cues are of core relevance.
Neuroimaging studies revealed, for example, functional
differences in lateral and prefrontal and orbitrofrontal
cortices in tasks requiring cognitive control (Paulus
et al., 2002). Specifically, substance abusers showed
reduced recruitment of control and less neural activity
in the anterior cingulated cortex following response
conflicts and errors, suggesting dysfunctional interaction
between anterior cingulated cortex (conflict monitoring)
and lateral prefrontal cortex (involved top-down control).
During adolescence, critical maturation processes in these
motivational and executive neurocircuitries are believed to
result in increased susceptibility for substance abuse.
Numerous theories have been developed, focusing on
planned and habitual decision-making, ranging from
acute drug effects on homeostasis to allostatic alterations
of set points to executive dysfunctions to increased
habitual drug intake.

Strategically intermediate and long-term objectives
might build on novel theoretical unified perspectives for
addiction as “vulnerabilities” in established “decision-
making systems” (Redish et al., 2008) and extensions
thereof (e.g. temporal difference reinforcement learning).
These acknowledge interactions between a planning and
a habit system associated with different characteristics
and key anatomical structures. This can be based on a
set of theoretical targets with associated vulnerabilities
and experimental assessment areas (e.g. vulnerability:
reward-based processing – pharmacological access to
reward signal drives the return to those signals, or
vulnerability “impulsivity – unwillingness to weigh future
events leads to impulsive choices). This theoretical and
conceptual framework can be used as a starting point to
adapt existing standard paradigms addressing such vulnera-
bilities specifically to our research questions.
Core topic C: Development of adaptive and maladaptive
mechanisms and modulators of decision-making and
behavioural control (see also Goschke, 2014)

Many mental health problems and mental disorders refer
to “maladaptive behaviours” such as overeating (as in
obesity) or harmful substance use (like in addictive
disorders). They are often described metaphorically as
instances of “weakness of will” or lack of “willpower”.
While such folk-psychological concepts describe the fact
.1002/mpr
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that individuals often persist with maladaptive behaviour
despite being aware of adverse long-term consequences,
they provide no explanations of the psychological and
neurobiological mechanisms underlying decisions and
actions in situations involving conflicts between long-
term (e.g. health-related) goals and strong competing
motivational and habitual tendencies. In recent years,
the combination of sophisticated behavioural tasks with
advanced neuroimaging methods has yielded new insights
into mechanisms underlying (i) incentive motivation, (ii)
reward-based learning, (iii) habit formation, and (iv)
“higher” executive control processes (e.g. anticipation of
long-term consequences, prospective memory, emotion
regulation, response inhibition). Importantly, research
indicates that prefrontal brain regions critically involved
in executive control do not form a unitary “central
executive”, but are interconnected with and strongly
modulated by systems mediating emotions, reward, and
stress. Moreover, research on implicit evaluation and
motivation indicates that conscious decisions can
dissociate from automatic affective reactions and motiva-
tions. Thus, understanding howmotivation, learning, and
executive control systems interact dynamically and how
those interactions develop is a critical precondition for
improved models of maladaptive (health-injuring)
behaviours and mechanisms underlying enduring behav-
ioural change. The emerging field of (developmental)
computational neuroscience is of critical importance for
deriving explicit models of how non-linear interactions
in neural systems on different levels of analysis give rise
to emergent properties such as stage-like transitions and
critical periods in the development of chronic dysfunc-
tional regulation patterns (cf. McClelland and Vallabha,
2009). However, despite impressive recent progress, core
questions of an integrative account of adaptive and
maladaptive behaviour remain unresolved:

(i) how habitual, motivational, affective, and executive
control systems interact dynamically and how this
interaction is modulated by proximal and distal
variables (e.g. acute/chronic stress)

(ii) how stable patterns of interactions between motiva-
tional, emotional and executive-control systems
evolve as a result of the interplay of learning,
development, and genetic variation, and how inter-
individual differences in intra-individual change
patterns emerge

(iii) which mechanisms underlie the transition from
adaptive goal-directed behaviour into dysfunctional
regulation patterns leading to maladaptive behav-
ioural choice
Int. J. Methods
36
(iv) whether behavioural change and adaptive (e.g.
health-promoting) behaviour can best be supported
by strengthening volitional functions (e.g. the ability
to maintain intentions in the face of competing
habits or emotional temptations) or by enhancing
motivational incentives associated with long-term
goals (or whether both aspects need to be targeted).

Such research may then be able to address (i) how
patterns of interaction between systems involved in
reward-based learning, motivation, and executive control,
(ii) give rise to (mal-)adaptive behavioural decisions, (iii)
are modulated by emotions and stress, and (iv) develop
during adolescence.

Core topic D: Eating, eating disorders and
neurometabolic conditions

The neurobiology and the adaptive and maladaptive
cognitive-affective regulation of eating disorders (e.g.
anorexia, bulimia, binge eating) and related conditions
(picky eating, neurometabolic conditions, such as obesity)
requires investigation from preclinical to clinical expressions
as well as the consideration of other complex factors (e.g.
perceived stress, stress regulation, environment, anxiety/
depression) contributing to its dysregulation. There are
common neurobiological and neurocognitive regulation
mechanisms shared by eating behaviour, addictions and
internalizing disorders (Mercer and Bird, 2012). The
common denominator of these conditions is “a persistent
disturbance of eating behaviour or behaviour intended to
control weight and eating” (First and Tasman, 2010).
Examination of common and specific psychological, neuro-
logical and circuitry dysfunctions across various forms of
syndromes and disorders and in different stages of expres-
sion/developmental stage may help to derive improved
models and novel therapeutic targets and approaches.

For example, the discovery of leptin and ghrelin has
led to a new understanding of the neurobiology of eating
behaviour and the neural circuits and mechanisms that
underlie appetite (Pandit et al., 2012). Many established
genetic links with human obesity reflect mutations in
specific elements of those pathways known from rodent
studies [e.g. mutations that affect proopiomelanocortin
(POMC) signalling]. The motivation to eat competes with
other motivations, e.g. the motivation to reproduce. These
processes are integrated by a complex, highly conserved
neural circuitry – the reward system (Nogueiras et al.,
2012). Its key elements are the mesolimbic dopamine
neurons in the ventral segmental area (VTA) that project
to the nucleus accumbens (NAcc), where the target cells
include cholinergic, GABAergic and opioid-containing
Psychiatr. Res. 23(Suppl. 1): 28–40 (2014). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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cells. The reward system is a target for both, natural (such
as food and sex) and artificial rewards (such as drugs of
abuse and alcohol). Leptin and ghrelin reflect the
nutritional state or food ingestion and modulate signals
in the reward system. The reward circuitry also underlies
addictive behaviours, including nicotine (a cholinergic
agonist), endocannabinoids, and opiates. These “short
circuit” the reward system, resulting in accelerated reward
seeking behaviour. Epigenetic mechanisms regulate
mRNA and protein expression, modifying the HPA
homeostasis and stress response. Evidence suggests that
environmental factors (e.g. maternal care, alcohol, smoking,
nutrition) can change epigenetic patterns. The present
obesity epidemic and the increase in eating disorders
(Wittchen et al., 2011) indicate that the aforementioned
homeostatic mechanisms can be easily overridden.

Anorexia nervosa (AN) is often associated with a wide
range of symptoms and comorbid conditions, some of
which are secondary to starvation. Multiple candidate
mechanisms have been proposed with symptom and
diagnostic relevance. In addition to multiple nutrition-
and stress-related endocrine mechanism (i.e. ghrelin,
leptin, HPA), results from genetic, CSF and PET studies
indicate that dopamine dysfunction, particularly in striatal
circuits, might contribute to altered reward and affect,
decision-making and executive control, as well as excessive
motor movements and decreased food ingestion in
subjects with AN. fMRI studies suggested that AN patients
may have a reward-circuit-based abnormality (localized in
the ventral striatum) which may be related to difficulties
discriminating between positive and negative feedback
(Wagner et al., 2007). Instead, patients seem to recruit
compensatory “cognitive control” regions such as the
DLPFC and the parietal cortex. Converging evidence for
other eating disorders and related phenomena (bulimia,
binge eating, picky eating) are currently lacking. It is likely
that the interactions of genetic with environmental/
experimental and developmental factors are involved in
the dysfunctions ultimately observed in clinical stages.
However the specific role of executive control process
dysfunctions in this disorder remains unclear.

A key stage in the progression to obesity appears to be
the development of leptin resistance – insensitivity to the
effects of leptin that would, in a normal individual,
suppress appetite (Pandit et al., 2012). This is analogous
to insulin resistance (type 2 diabetes), and is not easily
reversed. This might reflect a dysfunction of the reward
circuitry. So, when leptin resistance develops in the
homeostatic circuitry controlling appetite, does a similar
resistance develop in the reward circuitry – meaning that
food is rewarding independently of energy balance? This
Int. J. Methods Psychiatr. Res. 23(Suppl. 1): 28–40 (2014). DOI: 10
Copyright © 2013 John Wiley & Sons, Ltd.
mechanism includes several components such as, but not
limited to, neurometabolic and neuroendocrine changes
and stress-induced alterations of homeostatic regulation,
triggered by modern lifestyle on the basis of an existing
genetic predisposition. Importantly, it corroborates the
notion that eating disorders and obesity exhibit a striking
shared biology with anxiety and addictive behaviour.

Against this background, it seems promising to identify
the shared and syndrome-specific vulnerabilities and
developmental processes for dysfunctional eating, eating
disorders and neurometabolic conditions by examining:

(i) maladaptions and moderating factors in decision-
making and action control and their control in the
evolution of transient and persistent dysfunctional
eating behaviours and disorders

(ii) the role and interaction of peripheral and central
mechanisms of catecholaminergic dysregulation,
behaviour and its crosstalk with metabolic pathways
and interactions between endocrine signals (leptin,
ghrelin, HPA axis), epigenetic patterns, reward and
other circuitries as well as cognitive control in
various at risk, subclinical and clinical groups

(iii) to conduct basic science research into the structure and
process of neurometabolic and catecholaminergic
perturbations, including molecular and mouse models

(iv) and to examine syndrome-specific and -shared
processes and mechanisms involved in the develop-
ment of dysfunctional eating behaviour, eating
disorders as well as metabolic conditions.

This perspective allows exploration and testing of
preventive and therapeutic intervention strategies and
components that target novel shared signalling pathways as
well as individualized targets.
Conclusion

In this paper we emphasized that in order to make major
progress in mental health research and mental disorders we
need to rethink our current fragmented research strategies
towards a broader behavioural science focus, instead of
narrower and fragmented cognitive or neurobiological per-
spectives. Using four examples of behavioural problems and
related mental disorders, the goals and challenges to be met
are depicted in Table 1. The well known translational barriers
can only be overcome when segregated research approaches
are combined in a concerted, interdisciplinary action, linking
biological, psychological and social sciences within a devel-
opmental framework. Our proposal refers in this context
to similar conceptual frameworks such as the one proposed
by the NIH (NIH, 2009) or the NIMH Working Group on
.1002/mpr
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Child and Adolescent Mental Health (NAMHC, 2008)
highlighting the critical developmental transition points
across the lifespan in order to link basic science findings with
clinical and social aspects. Most solutions to the complex
problems of mental health require the synthesis of knowl-
edge and methods across various disciplines. However, past
barriers have made true interdisciplinary approaches rare
exceptions (Pellmar and Eisenberg, 2000). The fragmenta-
tion and “disciplinary insularity” of the mental health
research field needs to be overcome by linkages among
relevant biological, psychological, social and clinical ap-
proaches. Thus, only a concerted trans-disciplinary effort
will be able to adequately address the full scope of mental
health, involving behavioural, clinical and neurosciences
concepts using a multi-level, multi-measurement approach.
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