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Abstract
Background: In 2013, a few years after the launch of the National Institute of Mental Health’s Research Domain
Criteria (RDoC) initiative, Cuthbert and Insel published a paper titled “Toward the future of psychiatric diagnosis: the
seven pillars of RDoC.” The RDoC project is a translational research effort to encourage new ways of studying psychopathology through a focus on disruptions in normal functions (such as reward learning or attention) that are defined
jointly by observable behavior and neurobiological measures. The paper outlined the principles of the RDoC research
framework, including emphases on research that acquires data from multiple measurement classes to foster integrative analyses, adopts dimensional approaches, and employs novel methods for ascertaining participants and identifying valid subgroups.
Discussion: To mark the first decade of the RDoC initiative, we revisit the seven pillars and highlight new research
findings and updates to the framework that are related to each. This reappraisal emphasizes the flexible nature of the
RDoC framework and its application in diverse areas of research, new findings related to the importance of developmental trajectories within and across neurobehavioral domains, and the value of computational approaches for
clarifying complex multivariate relations among behavioral and neurobiological systems.
Conclusion: The seven pillars of RDoC have provided a foundation that has helped to guide a surge of new studies
that have examined neurobehavioral domains related to mental disorders, in the service of informing future psychiatric nosology. Building on this footing, future areas of emphasis for the RDoC project will include studying centralperipheral interactions, developing novel approaches to phenotyping for genomic studies, and identifying new
targets for clinical trial research to facilitate progress in precision psychiatry.
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Background
More than a decade has passed since the National Institute of Mental Health (NIMH) Research Domain Criteria (RDoC) project was initiated, and RDoC has opened
a door for researchers who strive to move beyond diagnostic syndromes derived by clinical description as the
starting point or the outcome measure(s) for research on
mental illness. RDoC has helped to expand the conversation about how psychopathology research is carried out
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and introduced new ways to conduct it. Some researchers have embraced the principles of RDoC, while others
have challenged it in ways that have helped it to evolve.
Psychopathology research has diversified in various ways
over the past decade. New approaches include studying
common dimensions across a combination of disorders
pooled together (e.g., across the psychosis spectrum; [1]);
researching a particular feature within a heterogenous
disorder, such as blunted reward processing in melancholic depression [2] or brain connectivity in schizophrenia [3]; carrying out research with new dependent
variables, for instance, changes in striatal activity in the
study of anhedonia [4]; and researching relevant variables
independent of existing diagnostic classifications [5].
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The existence of several major initiatives to reframe
psychiatric diagnosis, including the Hierarchical Taxonomy of Psychopathology model [6], the network
approach [7], and the clinical staging model [8], illustrates the ongoing need for new approaches to better
understand psychopathology. It has become clear that
syndromal diagnoses as defined in the American Psychiatric Association’s Diagnostic and Statistical Manual
(DSM; [9]) and the World Health Organization’s International Classification of Disease (ICD; [10]) for the past
four decades, while emphasizing reliability, have not
borne out the identification of valid mechanisms. A more
complete understanding of the disruptions in the systems
that interact between biology and behavior and their
relation to palpable psychopathology is needed for the
development of novel therapeutic agents [11] and important to sharpen psychological interventions as well [12].
Perhaps the highest hurdle faced in overcoming problems
in psychiatric nosology concerns the extent that diagnoses have been reified — seen as “real entities” — when in
reality they are not natural kinds [13]. The reification of
clinical syndromes left clinicians and researchers alike
with an epistemic roadblock. By providing reference
points for third-party payers and disability adjudications,
as well as for regulatory bodies, clinical diagnostic manuals face practical constraints on the degree to which they
can modify their descriptions and criteria. We (and others) have argued that researchers need a framework that
is independent of such constraints in order to facilitate
progress connecting advances from integrative neuroscience with disordered behavior and to obtain the knowledge that can help improve clinical diagnostic manuals.
Cuthbert and Insel described the “seven pillars of
RDoC” in this journal in 2013 [14] and those principles have proven to be the sustaining foundation of the
framework. These principles have roots in experimental
psychopathology [15] and align with longstanding aims
to make empirical and conceptual connections across
multiple measurement methods [16]. Detailed descriptions of the rationale and development of RDoC have
been provided elsewhere [17, 18]. In brief, RDoC was
developed to provide a framework for psychopathology
research that was not yoked to the traditional diagnostic
syndromes and to support a dialog for consensus among
members of various constituencies (research grant applicants, members of peer review committees, funding and
regulatory agencies, and journal editors) in the scientific
community for scientifically sound research not bound
to the status quo. The relationships between RDoC and
diagnostic manuals and the role of RDoC in NIMH
research funding have both become clearer since RDoC
was launched. Specifically, existing diagnostic criteria
remain the standard for clinical use, while research that
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informs clinical decision-making and may inform future
changes to diagnostic practice and criteria (including
research that adopts RDoC principles) carries on concurrently. NIMH never stopped funding research focused
on existing diagnostic categories but encouraged investigators to critically examine their assumptions about
diagnosis-based classification and to consider alternative approaches. Such work has been stimulated and
supported in part via funding opportunities specifically
designated for RDoC research, and RDoC-focused grant
applications have also competed well in the general pool
of applications.
As one marker of progress toward RDoC’s goals, over
one thousand papers have resulted from grants funded
under the seventeen RDoC-focused funding opportunities published by NIMH. It could be asked whether
researchers are adopting the RDoC approach for pragmatic reasons, rather than scientific, if they perceive that
doing so confers an advantage in the competition for
NIMH research funding. We are reassured by the support
of funding agencies outside of the USA for dimensional
approaches that the uptake of RDoC (and RDoC-like)
approaches is not entirely attributable to NIMH demand
characteristics. The European Union’s Roadmap for Mental Health Research in Europe (ROAMER) project [19],
the Innovative Medicine Initiative’s recently renewed
Psychiatric Ratings using Intermediate Stratified Markers (PRISM) project [20, 21], and the Wellcome Trust’s
Multi-Channel Psych initiative to stratify depression
patients and match to treatment [22] are examples of
international interest.
To mark the first decade of RDoC, we revisit here the
seven pillars of RDoC in the context of the evolution in
perspectives that has followed since these principles were
conceived, highlight recent research projects that exemplify RDoC principles, summarize updates to the framework and other RDoC activities, and discuss areas for
potential future emphasis.

Main text
Pillar 1: The translational perspective: psychopathology
research should start with what is known about normative
neurobehavioral processes

The foundational pillar of RDoC is that the starting point
for research on mental illness should be translational
understanding drawn from basic science of the functions (such as attention or response to threat) that can
be variously characterized by neural, behavioral, cognitive, and other systems, with disorders examined as disruptions in these functions resulting in dysfunction of
varying degrees. The functions are termed “constructs,”
consistent with longstanding usage [23], and are grouped
into superordinate domains that contain multiple related
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constructs (such as cognitive systems). Constructs can
be quantified using various levels of analysis (including
neural circuit-based measures, behavior, and self-report).
These levels (termed “units of analysis” in the framework,
see below) are rooted in translational science and are
intended to provide a link from basic to clinical research
(Fig. 1).
One prominent example of this translational pipeline is in the area of predictive coding, that is, the
theory that the brain continuously updates its models
of the environment on the basis of new information.
Informed by basic research focused on dopamine signaling and learning, this formal, quantitative model is
well-elaborated, allowing highly nuanced simulations
and modeling to test effects of variation in numerous
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perceptual and cognitive parameters. This model
supports translational work focused on testing new
hypotheses about the disruption of processes involved
in predictive coding in the psychosis spectrum [24, 25],
including in individuals who experience auditory hallucinations but do not meet diagnostic criteria for the
schizophrenia syndrome [26] and those who experience
trauma-related hallucinations [27]. As another example, work built upon basic behavioral and neuroscience
research in humans, rodents, and non-human primates
has contributed to a more nuanced understanding of
anhedonia as a multi-component phenotype that spans
psychiatric conditions [28, 29] and may contribute to
heterogeneity within major depressive disorder [30].

Fig. 1 The RDoC framework provides an organizational structure for research that considers mental health and psychopathology in the context
of major domains of basic human neurobehavioral functioning. The framework currently includes six major functional domains with associated
constructs, which are studied along the full range of functioning from normal to abnormal. Both behavioral and biological aspects of functioning
change and mature throughout childhood/adolescence and across the life span, and so research on development is essential. Equally important is
the study of various aspects of the environment, including the physical environment, cultural components, and factors such as social determinants
of health. The RDoC framework encourages researchers to measure and integrate many classes of variables (units of analysis, e.g., behavioral,
physiological, and self-report data) in order to seek a comprehensive understanding of the construct(s) under study
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Reciprocally, by focusing on systems and processes
rather than nosological entities, RDoC boosts the translational potential of animal research for addressing
neurobiological questions relevant to psychopathology
rather than models of specific mental illnesses [31]. The
RDoC framework “allows one to evade a major challenge
of translational studies of strict disease-to-model correspondence” [32]. As an example, a battery of behavioral assays that map onto constructs in RDoC’s Positive
Valence Systems and Negative Valence Systems domains
“enable[es] the integrated study of motivational processing of rewarding and aversive stimuli in [mice]” [33].
Much of this type of work is suited to the application
of biophysically realistic neural-network models [34].
It is important to bear in mind, however, the assumptions that are implicit in this emphasis on translational
research, including the risk that by “focus[ing] on neural circuits seen throughout phylogeny, [RDoC] is likely
to neglect quintessentially human phenomena that
are remarkably important for understanding humans
(including the development of psychopathology and its
potential treatment)…One cannot study in rats the belief
that one is worthless” [35]. RDoC does not attempt to
restrict the focus of study to only those elements that
have human-to-animal homology, and certain units of
analysis (e.g., self-report vs behavior vs circuits) are more
useful and appropriate for a given approach (such as animal research) than others.
Pillar 2: The dimensional approach: assume dimensionality
— among disorders and between illness and health —
unless data show otherwise

Over the last few decades, the notion that mental disorders and neurobehavioral constructs associated with
them are likely dimensional in nature has come to be
increasingly accepted, as reflected in a comment in
an editorial in a major schizophrenia journal noting
that “...emerging change in research priorities reflects
a new emphasis on porous diagnostic boundaries with
increased attention to similarities and differences
between disorders. Also, a focus on deconstructing heterogeneous clinical syndromes in order to identify specific elements of pathology is advancing science, often in
a dimensional framework without diagnostic specificity”
[36]. RDoC explicitly encouraged the study of biobehavioral constructs that “[D]etermine the full range of variation, from normal to abnormal, among the fundamental
components to improve understanding of what is typical
versus pathological” [37]. Once these dimensions — and
the relationships among them — are more fully understood, it will be possible to empirically define cut-points,
clusters, or subgroups that are informative for clinical
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decision-making and predictive, for example, of prognosis or treatment response.
Dimensional approaches have started to yield an
improved understanding of neurobehavioral processes
that are relevant for dissecting heterogeneity within a
diagnostic category and identifying commonalities across
disorders. For example, Lang and colleagues measured
fMRI activity in the amygdala and ventral visual cortex
during viewing of emotionally evocative scenes in a large
transdiagnostic sample of patients with various mood
and anxiety disorders (plus healthy controls). A dimension of emotional reactivity was observed in the patients,
ranging from highly blunted to highly reactive as compared to controls; furthermore, reactivity was inversely
related to a trauma factor score [38]. These results illustrate the complex dimensions that distinguish “typical
versus pathological” and the importance of effects such
as trauma that have strong effects in a transdiagnostic
manner. Similarly, shared abnormalities have been found
in brain structures across major depression, schizophrenia, bipolar disorder, and obsessive-compulsive disorder
[39]; in neural connectivity in schizophrenia and bipolar
disorder [40]; and in behavioral impairments in executive function across attention-deficit hyperactivity disorder and autism spectrum disorder [41]. These — and
other — new transdiagnostic findings stand out against
the background of a research literature that continues
to consist largely of studies focused on single diagnostic categories with little consideration of diagnostic heterogeneity. It is challenging to reconcile transdiagnostic
findings with the many reports of robust and reliable differences between individual patient groups and healthy
individuals and differences among patient groups. Studies focused on a single disorder can give the impression
of diagnostic specificity but until that is directly tested
in transdiagnostic work, it is important to be cautious.
One way to approach this challenge is to think about
diagnostic labels as proxy variables. Just as sex can be an
imperfect proxy for genetic, endocrine, anatomical, and
other variables, it is important to ask whether a diagnosis of schizophrenia, for example, is serving as a proxy
for psychosis or some other neurobehavioral abnormality for the purpose of answering a research question and
whether a more precise measure might yield a more specific answer. For instance, schizophrenia is often viewed
as a disorder of severe cognitive impairment. However,
a recent study of multiple biotypes derived from datadriven analyses of psychotic spectrum disorders reported
that 28% of patients with a schizophrenia diagnosis (and
39% patients with schizoaffective disorders, often lumped
with schizophrenia in research studies) did not differ
significantly from healthy controls on cognitive measures; in contrast, 46% of patients with psychotic bipolar
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disorder — typically regarded as an affective disorder
– were severely or moderately impaired on cognitive
measures [42]. Thus, a challenge for future dimensional
research is to continue to refine the phenotypes utilized
in such studies, rather than using diagnostic categories
as anchors. In service of this, continued efforts to chart
the landscape of associations and differentiations among
symptoms, behaviors, and mechanisms, within and
across diagnoses, are needed.
Pillar 3: Reliable and valid measures are needed to dissect
heterogeneity

The third pillar comes straight from the original NIMH
Strategic Goal, to “develop reliable and valid measures of
these fundamental components of mental disorders for
use in basic studies and in more clinical settings” [37].
It was noted in the original paper that measurement
development was a high priority for RDoC research
and that well-validated and psychometrically optimized
behavioral tasks with foundations in cognitive neuroscience were beginning to appear [43]. Since then, NIMH
has made strides to assess the availability and utility
of such tools and to encourage critical work needed to
generate new measures. To hasten the development
of standardized paradigms and measures, NIMH convened a workgroup to review the availability and utility
of tasks that assess the constructs in the RDoC matrix
and make recommendations about future work on measurement development. A specific challenge identified
during this meeting was the shortage of normative data
and information about psychometric properties (such
as test-retest reliability) for many available tasks [44].
The workgroup made recommendations about tasks for
assessment of most RDoC constructs; however, it was
clear that additional investment in task development
work was needed. In 2018, NIMH published a funding
opportunity announcement encouraging grant applications focused on empirical optimization of existing
tasks or development of new behavioral tasks to measure
RDoC constructs [45]. NIMH priorities for task development include the use of computational approaches that
allow testing and refinement of models when compared
against actual data (e.g., [46]).
Over the past 10 years, digital technologies have
emerged that fundamentally change the way we are able
to collect data [47] and applications of these tools to
modernize the assessment of cognition are underway.
The National Institutes of Health (NIH) Mobile Toolbox, for example, allows remote self-administration of
cognitive tests [48]. Combined with new techniques,
including ecological momentary assessment and passive
monitoring, scientists are now able to capture data in
more natural settings and in near real time to supplement
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traditional assessment methods [49–51]. The ability to
apply these techniques to data collection in large, population-based samples is a critical step toward dissecting the
heterogeneity that is prevalent in psychiatric disorders.
Pillar 4: Novel research designs and sampling methods are
needed to elucidate data‑driven phenotypes

The fourth pillar highlights the notion that accomplishing the goals of RDoC will necessitate new study designs
and sampling strategies for mental health research. The
common approach of using traditional clinical diagnoses to define a group and comparing the group to healthy
control subjects on the measure(s) of interest tends to
perpetuate assumptions about the homogeneity of these
groups. Given RDoC’s focus on dimensions of functioning that cut across disorder boundaries and the priority
to understand rather than ignore the inherent heterogeneity within mental health disorders, RDoC asks the field
to reconsider how to set up rigorous research questions.
For example, an ongoing project is using innovative
methods to identify non-help-seeking individuals who
are socially disconnected in order to examine contributors to social disconnection — such as social processing
ability and social motivation — along the health-to-illness continuum, including in people experiencing psychosis [52, 53].
Recent work in the area of attention-deficit/hyperactivity disorder (ADHD) is useful to showcase how RDoC
principles might be applied to study heterogeneity within
disorders. The clinical presentation of ADHD is heterogenous, with extensive variability in phenotypes, suggesting that there might be meaningful subgroups and/
or dimensions within ADHD [54–57]. Work has focused
on classifying the heterogeneity within the ADHD population, trying to identify subtypes and profiles that are
helpful to exemplify individuals at greater risk for persistent ADHD, those who may respond well to certain
treatments, and those whose symptoms may remit during adolescence. An exploration of dimensional measures of executive functioning like working memory has
uncovered multiple trajectory classes in both the ADHD
and typically developing populations, as well as distinct
relationships between cognitive processes and ADHD
symptom change [58]. Specifically, the rate of naturalistic
change in working memory predicted symptom remission in ADHD. Working memory impairment that failed
to resolve before adolescence was correlated with persistence of ADHD symptoms through adulthood, whereas
if working memory performance improved to age-appropriate levels, participants typically experienced a remittance of symptoms.
A similar exploration using computational methods
to analyze emotion trait profiles revealed three subtypes
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within a large sample of children with ADHD: “mild”
(normative emotional functioning), “surgent” (high positive affect), and “irritable” (high negative affect). Subjects
in the irritable group showed the greatest symptomatic
stability over time, exhibiting a more severe and persistent set of ADHD symptoms, and this subtyping was a
better prospective predictor of clinical outcomes than
standard baseline indicators [59]. When combined
with cognitive profiles, the surgent and irritable groups
were easily split into a group with and without cognitive deficits. Those children who displayed an irritable
emotional profile and cognitive deficits had the most
severe ADHD symptoms [60]. Further exploration of
these subtypes and polygenic risk scores (PRS) for both
ADHD and major depressive disorder (MDD) showed
that despite a high association between PRS for ADHD
and MDD, these emotional dysregulation profiles were
more strongly associated with ADHD PRS than MDD
PRS, suggesting that the subtypes represent distinct pathways via which genetic risk might lead to disorder [61].
This line of research demonstrates that using integrative,
dimensional approaches has helped to identify subtypes
of the disorder, which may be more informative to treatment and intervention practices.
Pillar 5: RDoC encourages integrative methods rather
than favoring one method over another

RDoC encourages studies that integrate multiple measurement classes (e.g., behavior, self-reports, neural systems, or genetics), with the particular measures chosen
for any given study depending on the research question.
Furthermore, the emphasis is upon relations among variables rather than prioritizing one kind of observation
over another; for example, the term “units of analysis”
was deliberately chosen over “levels of analysis” for referencing measurement classes so as to not inadvertently
imply reductionism. A major goal in this regard is to
address the mind-body constraints that have historically
plagued clinical and research understandings of mental disorders, generating an oversimplistic reductionistic approach to disorders and discouraging more careful
approach to brain-behavior relationships. The criterion
that RDoC constructs should have evidence for both neural circuits and functional behaviors in order to address
mind-body issues has somewhat ironically resulted in
criticism that the RDoC framework is reductionist due
to its inclusion of biological measures (see [62] for a discussion of this critique). In fact, philosophers of science
accept with no qualms that accounting for biological variables does not diminish the value of behavioral observations (see [63]).
While traditional research designs are organized in
terms of diagnostic groups or particular symptoms,
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one aspect of integrative approaches is to specify independent variables from other measurement classes. For
instance, a recent transdiagnostic study of anxiety disorders grouped patients on the basis of their physiological
reactions during an imagery assessment [64]. Patients
imagined personal fear scenes and neutral scenes, during which a composite measure of heart rate and startle
potentiation responses was determined for each trial; the
difference between responses during personal fear scenes
and neutral scenes was computed for the reactivity score,
and all patients were ranked in order to obtain five quintiles of reactivity. Reactivity scores were inversely related
to functional impairment in nearly linear fashion, rather
than the positive relationship that might be expected
if hyperreactivity reflected greater fear. Similar to the
“proxy” findings noted above, the primary diagnosis
bore only a modest relationship to the hyperreactive-tohyporeactive dimension, with about 70% of the former
diagnosed with circumscribed fear (e.g., specific phobia)
and an approximately equal percentage of the latter with
anxious-misery disorders (e.g., generalized anxiety disorders). Such a design is well-suited to explore phenomena
that cut across multiple disorders.
It should be acknowledged that at this stage of the science, the integrative specification of the complex interrelations in psychopathology is no simple task. Pathways
from genes to behavior, for example, are both divergent
and convergent such that the relationships between
observations in these systems will be probabilistic
and pleiotropic [65, 66]. Parallel work directed toward
overcoming such complexities of the integration goal
includes methods that employ computational neuroscience to examine bi-directional links among different
types of measures and identify regularities, irregularities, and other features [67]. Dynamical systems modeling is one of the many current areas of progress, which
can model the relationships among many measurement
classes as they vary across time in order to provide more
elaborated accounts of how systems interact during both
short-term processing and longer-term behavioral or
symptom patterns [68].
Pillar 6: RDoC’s scope is constrained to focus on constructs
for which there is solid evidence to serve as a platform
for ongoing research

As noted in the original “seven pillars” paper [14], RDoC
is not intended to curate a comprehensive set of clinical
features that encompass the many symptoms and signs
for which individuals may seek treatment; rather, the aim
is to encourage psychopathology research that frames
hypotheses in terms of neurobehavioral constructs rather
than groupings based on predetermined diagnostic criteria. In other words, RDoC is intended to generate a
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literature that can (among other goals) inform future versions of diagnostic systems rather than create an alternative clinical manual. RDoC is sometimes described as
an alternative to existing diagnostic systems, but such
framing erroneously implies a shared scope and purpose.
RDoC is narrower in scope than diagnostic systems and
serves a specific research purpose. Such research yields
novel ways of stratifying, classifying, and clustering psychopathology, and the validity of these can be tested by
examining their ability to predict prognosis or treatment response (thus crossing paths with the purpose of
diagnosis); however, further work would be needed to
develop diagnoses informed by these novel characterizations. RDoC domains and constructs, in and of themselves, do not necessarily define valid clinical entities for
the purposes of clinician communication, drug development, or regulatory processes but the framework serves
as a roadmap via which translational behavioral neuroscience research may converge with diagnostic practice [69].
Because of the enormous pool of constructs that have
been the focus of study in psychology and psychiatry
that could be brought to bear on the goals of RDoC, it
was necessary to constrain the constructs considered for
inclusion in the RDoC matrix to those which met the
criteria described above. These criteria have not been
systematically operationalized and can reasonably be
critiqued as under-specified [70]; however, they provide
guardrails against excess proliferation of constructs and
serve as guiding principles to anchor RDoC’s focus on
translational research.
Pillar 7: RDoC is flexible and dynamic to accommodate
the research advances that it tries to foster

The RDoC framework was proposed as a means to free
researchers from the constraints of the diagnostic system, in order to design research studies that would push
our understanding of these boundaries. Accordingly,
the final pillar addresses the need for a research system
such as RDoC to have flexibility in dynamically accommodating those research advances that it tries to foster.
From the outset, the RDoC framework was depicted
as a matrix intended to offer a starting point for scientists to understand the goals and scope of the RDoC
initiative. The elements listed in the matrix, including
the five domains (Negative Valence Systems, Positive
Valence Systems, Cognitive Systems, Social Processes,
and Arousal and Regulatory Systems), constructs associated with each domain, and cross-cutting units of analysis, were put forth as exemplars, with an assurance that
the matrix would evolve over time as new research findings came to light. A workgroup focused on changes to
the RDoC matrix was convened by the NIMH Advisory
Council in 2016 [71] and this group has overseen two
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substantial changes. The first was a reorganization of the
constructs within the Positive Valence Systems Domain
[72], and the second was the addition of a sixth domain
focused on Sensorimotor Systems [73].
In spite of a decade of changes, it is possible that RDoC
has become over-reliant on the matrix. The pace of science has become so fast that it is extremely difficult to
maintain the process of evaluating and curating new
domains, constructs, and methodologies. Accordingly,
the matrix risks ending up in the midst of another prescriptive system that is antithetical to its goal. Although
thoughtful effort has been put into the changes, we
have simultaneously begun to de-emphasize the specific content and structure of the RDoC matrix. Rather,
we encourage investigators to consider the domains,
constructs, and elements of the matrix to be exemplars
and to focus on the principles of the framework (e.g.,
brain-behavior constructs, dimensional functions, and
integrative analyses) within the context of environmental factors and developmental processes in considering
their research plans. This shift in emphasis away from the
matrix and toward a more holistic concept is reflected in
the recently updated graphic depiction of the framework
in Fig. 1.

Summary and discussion
Reflecting at this milestone, it is clear that the seven pillars have provided a strong foundation for the first decade of the RDoC initiative and that RDoC has served an
important role in a rigorous and productive scientific
conversation about psychiatric diagnosis and diagnostic validity. Looking toward the future, we highlight here
some possible future directions and areas of increased
emphasis for the initiative.
RDoC encourages the study of mental disorders using
integrative methods including cellular and molecular,
circuit-based, behavioral, and self-report measures but
has put less emphasis on measures and mechanisms from
outside of behavioral neuroscience. New discoveries linking other biological systems to behavior and psychiatric
symptoms present expanded opportunities in the mindbody space. For example, new understanding about how
immune and inflammatory processes relate to a wide
spectrum of psychiatric symptoms via central-peripheral
interactions informs models that link experiential and
environmental factors such as stress to changes in the
blood-brain barrier and gut permeability, impacting cognition and mood [74]. The importance of development to
these processes is reflected in data showing that depleting the gut microbiota in rodents leads to persistent
effects on neuronal function and learning-related plasticity involved in fear-related behaviors and that restoring
the microbiota reversed these effects — but only when
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the restoration was done during the neonatal period [75].
Studies of early life programming of disease risk provide
insights into epigenetic mechanisms by which maternal immune activation, stress, and nutrition impact offspring’s long-term metabolic, endocrine, and behavioral
outcomes [76]. It has been noted that many of the studies in this rapidly expanding literature do not take into
account diagnostic heterogeneity [77]; future work might
benefit from the exploration of dimensional approaches
and more detailed phenotyping [78].
A second scientific area that is ripe for further research
using RDoC-informed approaches is genomics [79].
Evidence of overlap in genomic risk among psychiatric
disorders is accumulating. For example, a common variant risk for psychiatric disorders correlates significantly,
especially among ADHD, bipolar disorder, and major
depressive disorder [80]. Cross-disorder analyses show
moderate to high pairwise single nucleotide polymorphism (SNP) based co-heritability between schizophrenia, bipolar disorder, and major depressive disorder [81]
and also reveal three clusters of highly genetically related
disorders, consisting of mood and psychotic disorders,
early-onset neurodevelopmental disorders, and disorders with compulsive behaviors [82]. An analysis of rare
de novo coding variants found overlap among obsessivecompulsive disorder, Tourette’s disorder, and autism, suggesting shared biological mechanisms [83].
It is not clear yet whether new approaches to defining neurobehavioral domains or classifying disorders
will yield a clearer genomic picture than current diagnostic definitions. It does appear that minimal phenotyping (relying on health records or a small number of
self-reported symptoms for case identification) yields less
specificity in genetic architecture and lower heritability
estimates compared to more detailed phenotyping [84].
An analysis of specific symptoms and clinical features
across bipolar disorder and schizophrenia showed over
a hundred loci contributing to both disorders, several
loci that differentiated between the disorders, and polygenic components that correlated from one disorder to
symptoms of the other [85], pointing to the importance
of detailed phenotyping for understanding shared versus specific genetic risk. Mobile device-based behavioral testing and clinical assessment using computerized
adaptive testing provide opportunities for rapid, low-cost
detailed phenotyping appropriate for genomic studies of
cross-cutting neurobehavioral domains. McCoy and colleagues [86] used natural language processing to extract
five symptom dimensions based on RDoC domains
from hospital discharge notes and sought genome-wide
association of common variants with these quantitative
traits. Loci in three of the five domains were significant,
including loci spanning genes associated with neocortical
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development and neurodegeneration, providing proofof-principle for this novel approach to identifying
dimensional phenotypes for use in psychiatric genetics
research.
Finally, in alignment with RDoC’s overarching goal to
stimulate research that informs development of more
precise and informative classifications and more efficacious and personalized therapeutics, recent findings and
novel approaches provide a strong foundation for the
next generation of clinical translational work. The shift
away from intervention approaches targeting traditional
diagnostic categories is reflected in an analysis of trends
in mental health clinical trials showing that trials studying non-DSM conditions showed the largest growth of
any disorder category from 2007 to 2018 [87]. The fastfail trial in mood and anxiety spectrum disorders (FASTMAS) study [4] provides an example of a clinical trial
targeting a transdiagnostic neurobehavioral mechanism.
Specifically, a kappa-opioid receptor antagonist increased
ventral striatum activation during reward anticipation
compared to placebo, and this change was associated
with improvement in self-reported anhedonia in patients
with mood or anxiety disorders. In an example using a
different treatment modality, inhibitory trans-cranial
magnetic stimulation of the supplementary motor area
was shown to ameliorate psychomotor slowing (a behavioral element related to RDoC’s Motor Actions construct)
in a sample of patients with schizophrenia or major
depressive disorder [88]. The extent to which RDoC has
opened the door for new approaches to developing precision treatments is illustrated by a recent commentary
regarding preclinical psychopharmacology, recommending that RDoC approaches could be used for preclinical
research as part of a number of principles to foster drug
discovery [89].

Conclusions
In the original “Pillars” paper, it was noted that there
is no timeframe for the completion of RDoC. Rather,
the framework would evolve in response to emerging data and new understandings in order to support
a sustained effort toward the ongoing accumulation
of knowledge that could bear on the aspirational goal
of precision medicine for psychiatry. Achievements in
precision therapeutics in other areas of medicine such
as oncology and epilepsy [90] provide a roadmap that
psychiatry can use as a guide; however, the greatest
prior progress has been made in disorders with genetic
bases that are directly linked to biological mechanisms,
and which allow affordable and precise classification of
patients for clinical trials. The small effects of multiple
genes for mental disorders provide a daunting contrast
for identifying specific pathophysiologies, although
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slow progress is beginning to emerge [13]. Formidable challenges remain, including those inherent to the
etiological, biological, and phenomenological complexity of mental disorders. These have necessitated new
conceptual approaches such as RDoC, but also efforts
to address more practical hurdles such as the scalability and costliness of deploying clinical neuroscientific
tools (e.g., neuroimaging) that impede the integration
of translational neuroscience into clinical practice [91].
To address these challenges, three other concurrent
NIMH efforts have supported progress toward precision
psychiatry. First is the use of experimental therapeutics
designs in NIMH-funded clinical trials, which requires a
direct test of whether an intervention modifies a pre-specified target and whether doing so affects clinical outcomes;
such “target engagement” designs can shed light on
pathology-related mechanisms and help match patients
to treatments more effectively [4]. Second, the expansion
of data sharing for clinical research via the NIMH Data
Archive allows combined analyses across common data
elements, fostering discovery of novel classifications and
clusters. Third, NIMH’s support of research focused on
the development and application of computational methods enhances the tools available for the analysis of multivariate and high-dimensional datasets, revealing complex
patterns and relationships [85]. In combination with
RDoC’s success at shifting the scientific discourse toward
dimensional and integrative approaches, these efforts provide a strong foundation for continued progress in understanding and characterizing mental disorders, discovering
new causal mechanisms and novel treatment targets, and
improving the precision of diagnosis and intervention in
the next decade of RDoC.
Abbreviations
ADHD: Attention-deficit/hyperactivity disorder; DSM: Diagnostic and Statistical
Manual; FAST-MAS: Fast-fail trial in mood and anxiety spectrum disorders; ICD:
International Classification of Disease; MDD: Major depressive disorder; NIH:
National Institutes of Health; NIMH: National Institute of Mental Health; PRISM:
Psychiatric Ratings using Intermediate Stratified Markers; PRS: Polygenic risk
score; RDoC: Research Domain Criteria; ROAMER: Roadmap for Mental Health
Research in Europe; SNP: Single nucleotide polymorphism.
Acknowledgements
Not applicable
The views expressed in this manuscript do not necessarily represent the views
of the National Institutes of Health, the Department of Health and Human
Services, or the US Government.
Authors’ contributions
SM drafted the outline. All authors contributed to the writing and editing of
the manuscript. All authors read and approved the final manuscript.
Funding
Open Access funding provided by the National Institutes of Health (NIH)
Availability of data and materials
Not applicable

Page 9 of 11

Declarations
Ethics approval and consent to participate
Not applicable
Consent for publication
Not applicable
Competing interests
The authors declare that they have no competing interests.
Author details
1
National Institute of Mental Health, Neuroscience Center, 6001 Executive
Blvd, Bethesda, MD 20892, USA. 2 Wesleyan University, Middletown, USA. 3 Present affiliation: Boehringer Ingelheim, Ingelheim am Rhein, Germany.
Received: 28 December 2021 Accepted: 23 May 2022

References
1. Clementz BA, Parker DA, Trotti RL, McDowell JE, Keedy SK, Keshavan
MS, et al. Psychosis biotypes: replication and validation from the B-SNIP
Consortium. Schizophr Bull. 2021;48:56–68.
2. Weinberg A, Shankman SA. Blunted reward processing in remitted melancholic depression. Clin Psychol Sci. 2017;5(1):14–25.
3. Santo-Angles A, Salvador R, Gomar JJ, Guerrero-Pedraza A, Ramiro N,
Tristany J, et al. Interindividual variability of functional connectome in
schizophrenia. Schizophr Res. 2021;235:65–73.
4. Krystal AD, Pizzagalli DA, Smoski M, Mathew SJ, Nurnberger J, Lisanby
SH, et al. A randomized proof-of-mechanism trial applying the ‘fast-fail’
approach to evaluating κ-opioid antagonism as a treatment for anhedonia. Nat Med. 2020;26(5):760–8.
5. Paulus MP, Thompson WK. Computational approaches and machine
learning for individual-level treatment predictions. Psychopharmacology.
2021;238(5):1231–9.
6. Kotov R, Krueger RF, Watson D, Cicero DC, Conway CC, DeYoung CG, et al.
The Hierarchical Taxonomy of Psychopathology (HiTOP): a quantitative nosology based on consensus of evidence. Annu Rev Clin Psychol.
2021;17:83–108.
7. Borsboom D, Cramer AO. Network analysis: an integrative approach to
the structure of psychopathology. Annu Rev Clin Psychol. 2013;9:91–121.
8. McGorry PD, Nelson B, Wood SJ, Shah JL, Malla A, Yung A. Transcending false dichotomies and diagnostic silos to reduce disease burden in
mental disorders. Soc Psychiat Epidemiol. 2020;55(9):1095–103.
9. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5th ed. Washington, DC: Author; 2013.
10. World Health Organization (WHO). ICD-11: International classification
of diseases (11th revision). Retrieved from https://icd.who.int/2019.
Accessed 30 Nov 2021.
11. Hyman SE. Revitalizing psychiatric therapeutics. Neuropsychopharmacology. 2014;39(1):220–9.
12. Premo JE, Liu Y, Bilek EL, Phan KL, Monk CS, Fitzgerald KD. Grant Report
on Anxiety-CBT: Dimensional Brain Behavior Predictors of CBT Outcomes
in Pediatric Anxiety. J Psychiatry Brain Sci. 2020;5:e200005. https://jpbs.
hapres.com/htmls/JPBS_1195_Detail.html#sec9.
13. Hyman SE. Psychiatric disorders: grounded in human biology but not
natural kinds. Perspect Biol Med. 2021;64(1):6–28.
14. Cuthbert BN, Insel TR. Toward the future of psychiatric diagnosis: the
seven pillars of RDoC. BMC Med. 2013;11(1):126.
15. Maher BA. Principles of psychopathology. New York: McGraw-Hill; 1966.
16. Campbell DT, Fiske DW. Convergent and discriminant validation by the
multitrait-multimethod matrix. Psychol Bull. 1959;56(2):81–105.
17. Kozak MJ, Cuthbert BN. The NIMH research domain criteria initiative: background, issues, and pragmatics. Psychophysiology.
2016;53(3):286–97.
18. Sanislow CA, Pine DS, Quinn KJ, Kozak MJ, Garvey MA, Heinssen RK, et al.
Developing constructs for psychopathology research: research domain
criteria. J Abnorm Psychol. 2010;119(4):631–9.

Morris et al. BMC Medicine

(2022) 20:220

19. Haro JM, Ayuso-Mateos JL, Bitter I, Demotes-Mainard J, Leboyer M, Lewis
SW, et al. ROAMER: roadmap for mental health research in Europe. Int J
Methods Psychiatr Res. 2014;23(S1):1–14.
20. Kas MJ, Penninx B, Sommer B, Serretti A, Arango C, Marston H. A quantitative approach to neuropsychiatry: the why and the how. Neurosci
Biobehav Rev. 2019;97:3–9.
21. PRISM 2 consortium. PRISM 2 project: precision medicine for psychiatry
Available from: https://prism2-project.eu/en/prism-study/. Accessed 30
Nov 2021.
22. Wellcome Leap Inc. Multi-channel psych: revealing mechanisms of
anhedonia Available from: https://wellcomeleap.org/mcpsych/. Accessed
30 Nov 2021.
23. Maccorquodale K, Meehl PE. On a distinction between hypothetical
constructs and intervening variables. Psychol Rev. 1948;55(2):95–107.
24. Corlett PR, Horga G, Fletcher PC, Alderson-Day B, Schmack K, Powers AR.
Hallucinations and strong priors. Trends Cogn Sci. 2019;23(2):114–27.
25. Sterzer P, Adams RA, Fletcher P, Frith C, Lawrie SM, Muckli L, et al. The predictive coding account of psychosis. Biol Psychiatry. 2018;84(9):634–43.
26. Randeniya R, Oestreich LKL, Garrido MI. Sensory prediction errors in the
continuum of psychosis. Schizophr Res. 2018;191:109–22.
27. Lyndon S, Corlett PR. Hallucinations in posttraumatic stress disorder:
insights from predictive coding. J Abnorm Psychol. 2020;129(6):534–43.
28. Arrondo G, Segarra N, Metastasio A, Ziauddeen H, Spencer J, Reinders N,
et al. Reduction in ventral striatal activity when anticipating a reward in
depression and schizophrenia: a replicated cross-diagnostic finding. Front
Psychol. 2015;6:1280.
29. Freed RD, Mehra LM, Laor D, Patel M, Alonso CM, Kim-Schulze S, et al.
Anhedonia as a clinical correlate of inflammation in adolescents across
psychiatric conditions. World J Biol Psychiatry. 2019;20(9):712–22.
30. Pizzagalli DA. Depression, stress, and anhedonia: toward a synthesis and
integrated model. Annu Rev Clin Psychol. 2014;10:393–423.
31. National Institute of Mental Health. NOT-MH-19-053: notice of NIMH’s
considerations regarding the use of animal neurobehavioral approaches
in basic and pre-clinical studies. 2019.
32. Anderzhanova E, Kirmeier T, Wotjak CT. Animal models in psychiatric
research: the RDoC system as a new framework for endophenotypeoriented translational neuroscience. Neurobiol Stress. 2017;7:47–56.
33. Bergamini G, Sigrist H, Ferger B, Singewald N, Seifritz E, Pryce CR. Depletion of nucleus accumbens dopamine leads to impaired reward and aversion processing in mice: relevance to motivation pathologies. Neuropharmacol. 2016;109:306–19.
34. Huys QJM, Maia TV, Frank MJ. Computational psychiatry as a bridge from
neuroscience to clinical applications. Nat Neurosci. 2016;19(3):404–13.
35. Berenbaum H. Classification and psychopathology research. J Abnorm
Psychol. 2013;122(3):894–901.
36. Carpenter WT. Shifting paradigms and the term schizophrenia. Schizophr
Bull. 2016;42(4):863–4.
37. National Institute of Mental Health. The National Institute of Mental
Health Strategic Plan. Bethesda: National Institute of Mental Health; 2008.
38. Sambuco N, Bradley M, Herring D, Hillbrandt K, Lang PJ. Transdiagnostic trauma severity in anxiety and mood disorders: functional
brain activity during emotional scene processing. Psychophysiology.
2020;57(1):e13349.
39. Opel N, Goltermann J, Hermesdorf M, Berger K, Baune BT, Dannlowski
U. Cross-disorder analysis of brain structural abnormalities in six major
psychiatric disorders: a secondary analysis of mega- and meta-analytical
findings from the ENIGMA consortium. Biol Psychiatry. 2020;88(9):678–86.
40. Anticevic A, Cole MW, Repovs G, Murray JD, Brumbaugh MS, Winkler AM,
et al. Characterizing thalamo-cortical disturbances in schizophrenia and
bipolar illness. Cereb Cortex. 2014;24(12):3116–30.
41. Vaidya CJ, You X, Mostofsky S, Pereira F, Berl MM, Kenworthy L. Datadriven identification of subtypes of executive function across typical
development, attention deficit hyperactivity disorder, and autism spectrum disorders. J Child Psychol Psychiatry. 2020;61(1):51–61.
42. Clementz BA, Sweeney JA, Hamm JP, Ivleva EI, Ethridge LE, Pearlson GD,
et al. Identification of distinct psychosis biotypes using brain-based
biomarkers. Am J Psychiatry. 2016;173(4):373–84.
43. Gold JM, Barch DM, Carter CS, Dakin S, Luck SJ, MacDonald AW III, et al.
Clinical, functional, and intertask correlations of measures developed
by the Cognitive Neuroscience Test Reliability and Clinical Applications
for Schizophrenia Consortium. Schizophr Bull. 2011;38(1):144–52.

Page 10 of 11

44. National Advisory Mental Health Council Workgroup on Tasks and
Measures for RDoC. Behavioral assessment methods for RDoC
constructs: National Institute of Mental Health; 2016. Available from:
https://www.nimh.nih.gov/about/advisory-boards-and-groups/
namhc/reports/rdoc_council_workgroup_report_153440.pdf
45. National Institute of Mental Health. PAR-18-930: Development and
optimization of tasks and measures for functional domains of behavior.
Bethesda: National Institute of Mental Health; 2018.
46. Adams RA, Huys QJ, Roiser JP. Computational psychiatry: towards a
mathematically informed understanding of mental illness. J Neurol
Neurosurg Psychiatry. 2016;87(1):53–63.
47. Germine L, Reinecke K, Chaytor NS. Digital neuropsychology: challenges and opportunities at the intersection of science and software.
Clin Neuropsychol. 2019;33(2):271–86.
48. Buckley RF, Sparks KP, Papp KV, Dekhtyar M, Martin C, Burnham S, et al.
Computerized cognitive testing for use in clinical trials: a comparison
of the NIH Toolbox and Cogstate C3 Batteries. J Prev Alzheimers Dis.
2017;4(1):3–11.
49. Moitra E, Park HS, Ben-Zeev D, Gaudiano BA. Using ecological momentary assessment for patients with psychosis posthospitalization: opportunities for mobilizing measurement-based care. Psychiatr Rehabil J.
2021;44(1):43–50.
50. Onnela J-P, Rauch SL. Harnessing smartphone-based digital phenotyping to enhance behavioral and mental health. Neuropsychopharmacology. 2016;41(7):1691–6.
51. Insel TR. Digital phenotyping: technology for a new science of behavior. JAMA. 2017;318(13):1215–6.
52. Green MF, Lee J, Wynn JK. Experimental approaches to social disconnection in the general community: can we learn from schizophrenia
research? World Psychiatry. 2020;19(2):177–8.
53. Green MF, Horan WP, Lee J, McCleery A, Reddy LF, Wynn JK. Social
disconnection in schizophrenia and the general community. Schizophr
Bull. 2017;44(2):242–9.
54. Haslam N, Williams B, Prior M, Haslam R, Graetz B, Sawyer M. The latent
structure of attention-deficit/hyperactivity disorder: a taxometric
analysis. Aust N Z J Psychiatry. 2006;40(8):639–47.
55. Martel MM. Research review: a new perspective on attention-deficit/
hyperactivity disorder: emotion dysregulation and trait models. J Child
Psychol Psychiatry. 2009;50(9):1042–51.
56. Matthews M, Nigg JT, Fair DA. Attention deficit hyperactivity disorder.
Curr Top Behav Neurosci. 2014;16:235–66.
57. Nigg JT, John OP, Blaskey LG, Huang-Pollock CL, Willcutt EG, Hinshaw SP, et al. Big five dimensions and ADHD symptoms: links
between personality traits and clinical symptoms. J Pers Soc Psychol.
2002;83(2):451–69.
58. Karalunas SL, Gustafsson HC, Dieckmann NF, Tipsord J, Mitchell SH,
Nigg JT. Heterogeneity in development of aspects of working memory
predicts longitudinal attention deficit hyperactivity disorder symptom
change. J Abnorm Psychol. 2017;126(6):774–92.
59. Karalunas SL, Gustafsson HC, Fair D, Musser ED, Nigg JT. Do we need an
irritable subtype of ADHD? Replication and extension of a promising
temperament profile approach to ADHD subtyping. Psychol Assess.
2019;31(2):236–47.
60. Goh PK, Lee CA, Martel MM, Karalunas SL, Nigg JT. Subgroups
of childhood ADHD based on temperament traits and cognition: concurrent and predictive validity. J Abnorm Child Psychol.
2020;48(10):1251–64.
61. Nigg JT, Karalunas SL, Gustafsson HC, Bhatt P, Ryabinin P, Mooney MA,
et al. Evaluating chronic emotional dysregulation and irritability in
relation to ADHD and depression genetic risk in children with ADHD. J
Child Psychol Psychiatry. 2020;61(2):205–14.
62. Miller GA, Bartholomew ME. Challenges in the relationships between
psychological and biological phenomena in psychopathology. In:
Kendler KS, Parnas J, Zachar P, editors. Levels of analysis in psychopathology: cross-disciplinary perspectives. Cambridge: Cambridge
University Press; 2020.
63. Wright C, Bechtel W. Mechanisms and psychological explanation.
Philosophy of psychology and cognitive science. Handbook of the
philosophy of science. Amsterdam: North Holland/Elsevier; 2007. p.
31–79.

Morris et al. BMC Medicine

(2022) 20:220

64. Lang PJ, McTeague LM, Bradley MM. RDoC, DSM, and the reflex physiology of fear: a biodimensional analysis of the anxiety disorders spectrum.
Psychophysiology. 2016;53(3):336–47.
65. Montalvo-Ortiz JL, Gelernter J, Hudziak J, Kaufman J. RDoC and translational perspectives on the genetics of trauma-related psychiatric
disorders. Am J Med Genet B Neuropsychiatr Genet. 2016;171(1):81–91.
66. Glahn DC, Knowles EEM, Pearlson GD. Genetics of cognitive control:
implications for Nimh’s research domain criteria initiative. Am J Med
Genet B Neuropsychiatr Genet. 2016;171(1):111–20.
67. Ferrante M, Redish AD, Oquendo MA, Averbeck BB, Kinnane ME, Gordon
JA. Computational psychiatry: a report from the 2017 NIMH workshop on
opportunities and challenges. Mol Psychiatry. 2019;24(4):479–83.
68. Huys QJM, Browning M, Paulus MP, Frank MJ. Advances in the computational understanding of mental illness. Neuropsychopharmacology.
2021;46(1):3–19.
69. Davidson M, Gabos-Grecu C. Do DSM classifications help or hinder drug
development? Dialogues Clin Neurosci. 2020;22(1):73–9.
70. Dalgleish T, Black M, Johnston D, Bevan A. Transdiagnostic approaches to
mental health problems: current status and future directions. J Consult
Clin Psychol. 2020;88(3):179–95.
71. National Institute of Mental Health. RDoC Changes to the Matrix Workgroup (CMAT) 2016 Available from: https://www.nimh.nih.gov/about/
advisory-boards-and-groups/namhc/namhc-workgroups/rdoc-cmat-
workgroup/rdoc-changes-to-the-matrix-workgroup-cmat.
72. National Advisory Mental Health Council Workgroup on Changes to the
Research Domain Criteria Matrix. RDoC Changes to the Matrix (CMAT)
Workgroup Update: proposed positive valence domain revisions.
Bethesda: National Institute of Mental Health; 2018.
73. National Advisory Mental Health Council Workgroup on Changes to the
Research Domain Criteria Matrix. RDoC Changes to the Matrix (CMAT)
Workgroup Update: addition of the sensorimotor domain. Bethesda:
National Institute of Mental Health; 2018.
74. Doney E, Cadoret A, Dion-Albert L, Lebel M, Menard C. Inflammationdriven brain and gut barrier dysfunction in stress and mood disorders.
Eur J Neurosci. 2021;55(9–10):2851–94.
75. Chu C, Murdock MH, Jing D, Won TH, Chung H, Kressel AM, et al. The
microbiota regulate neuronal function and fear extinction learning.
Nature. 2019;574(7779):543–8.
76. Bale TL, Baram TZ, Brown AS, Goldstein JM, Insel TR, McCarthy MM, et al.
Early life programming and neurodevelopmental disorders. Biol Psychiatry. 2010;68(4):314–9.
77. Spichak S, Bastiaanssen TFS, Berding K, Vlckova K, Clarke G, Dinan TG, et al.
Mining microbes for mental health: determining the role of microbial
metabolic pathways in human brain health and disease. Neurosci Biobehav Rev. 2021;125:698–761.
78. Stevens BR, Pepine CJ, Richards EM, Kim S, Raizada MK. Depressive
hypertension: a proposed human endotype of brain/gut microbiome
dysbiosis. Am Heart J. 2021;239:27–37.
79. Simmons JM, Quinn KJ. The NIMH Research Domain Criteria
(RDoC) Project: implications for genetics research. Mamm Genome.
2014;25(1-2):23–31.
80. The Brainstorm Consortium. Analysis of shared heritability in common
disorders of the brain. Science. 2018;360(6395):eaap8757.
81. Cross-Disorder Group of the Psychiatric Genomics Consortium. Genetic
relationship between five psychiatric disorders estimated from genomewide SNPs. Nat Genet. 2013;45(9):984–94.
82. Cross-Disorder Group of the Psychiatric Genomics Consortium. Genomic
relationships, novel loci, and pleiotropic mechanisms across eight psychiatric disorders. Cell. 2019;179(7):1469–82 e11.
83. Cappi C, Oliphant ME, Péter Z, Zai G, Conceição do Rosário M, Sullivan
CAW, et al. De novo damaging DNA coding mutations are associated
with obsessive-compulsive disorder and overlap with Tourette’s disorder
and autism. Biol Psychiatry. 2020;87(12):1035–44.
84. Cai N, Revez JA, Adams MJ, Andlauer TFM, Breen G, Byrne EM, et al.
Minimal phenotyping yields genome-wide association signals of low
specificity for major depression. Nat Genet. 2020;52(4):437–47.
85. Bipolar Disorder and Schizophrenia Working Group of the Psychiatric
Genomics Consortium. Genomic dissection of bipolar disorder and
schizophrenia, including 28 subphenotypes. Cell. 2018;173(7):1705–15
e16.

Page 11 of 11

86. McCoy TH Jr, Castro VM, Hart KL, Pellegrini AM, Yu S, Cai T, et al. Genomewide association study of dimensional psychopathology using electronic
health records. Biol Psychiatry. 2018;83(12):1005–11.
87. Wortzel JR, Turner BE, Weeks BT, Fragassi C, Ramos V, Truong T, et al.
Trends in mental health clinical research: characterizing the ClinicalTrials.
gov registry from 2007–2018. PLoS One. 2020;15(6):e0233996.
88. Walther S, Alexaki D, Schoretsanitis G, Weiss F, Vladimirova I, Stegmayer
K, et al. Inhibitory repetitive transcranial magnetic stimulation to treat
psychomotor slowing: a transdiagnostic, mechanism-based randomized
double-blind controlled trial. Schizophren Bull Open. 2020;1(1):sgaa020.
89. Tricklebank MD, Robbins TW, Simmons C, Wong EHF. Time to re-engage
psychiatric drug discovery by strengthening confidence in preclinical
psychopharmacology. Psychopharmacology. 2021;238(6):1417–36.
90. Dugger SA, Platt A, Goldstein DB. Drug development in the era of precision medicine. Nat Rev Drug Discov. 2018;17(3):183–96.
91. Horn SR, Fisher PA, Pfeifer JH, Allen NB, Berkman ET. Levers and barriers
to success in the use of translational neuroscience for the prevention
and treatment of mental health and promotion of well-being across the
lifespan. J Abnorm Psychol. 2020;129(1):38–48.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

