1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Child Psychol Psychiatry. Author manuscript; available in PMC 2022 April 01.

-, HHS Public Access
«

Published in final edited form as:
J Child Psychol Psychiatry. 2022 April ; 63(4): 360-376. doi:10.1111/jcpp.13543.

The Contributions of the RDoC Research Framework on
Understanding the Neurodevelopmental Origins, Progression
and Treatment of Mental llinesses

Jennifer Pachecol:2, Marjorie A. Garvey!, Christopher S. Sarampotel, Elan D. Cohen3, Eric
R. Murphyl, Stacia R. Friedman-Hill

1Division of Translational Research, National Institute of Mental Health
2RDoC Unit, National Institute of Mental Health

30ffice of Science Policy, Planning, and Communications, National Institute of Mental Health

Abstract

The National Institute of Mental Health proposed the Research Domain Criteria (RDoC) initiative
as an alternate way to organize research of mental illnesses, by looking at dimensions of
functioning rather than being tied to categorical diagnoses. This paper briefly discusses the
motivation for and organization of RDoC, and then explores the NIMH portfolio and recent work
to monitor the utility and progress that RDoC has afforded developmental research. To examine
how RDoC has influenced the NIMH developmental research portfolio over the last decade,

we employed a natural language processing algorithm to identify the number of developmental
science grants classified as incorporating an RDoC approach. Additional portfolio analyses
examine temporal trends in funded RDoC-relevant grants, publications and citations, and research
training opportunities. Reflecting on how RDoC has influenced the focus of grant applications, we
highlight examples from research on Attention-Deficit Hyperactivity Disorder (ADHD), childhood
irritability, and Autism Spectrum Disorder (ASD). Lastly, we consider how the dimensional

and transdiagnostic approaches emphasized in RDoC have facilitated research on personalized
intervention for heterogeneous disorders and preventive/early interventions targeting emergent or
subthreshold psychopathology.

Introduction

Over a decade ago, in 2009, the National Institute of Mental Health (NIMH) launched the
Research Domain Criteria (RDoC) initiative, with the strategic purpose to facilitate novel
research approaches to the classification of psychiatric disorders. This was motivated by
the need to address the scientific concern that the field had equated psychiatric illness with
syndromes based on clinically observed diagnostic criteria, which were not well connected
with neural and psychological mechanisms. RDoC represents an inherently translational
approach, considering psychopathology in terms of dysregulation and dysfunction in
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fundamental aspects of behavior as established through basic neuroscience and behavioral
science research. The initiative is designed to integrate many levels of information, including
genomics, circuits, physiology, and behavior, to better understand the basic dimensions

of functioning underlying the full range of human behavior. RDoC is a focused research
initiative, with an ultimate goal of informing an updated classification system, such that new
categories are more homogenous and have a more personalized intervention strategy. We
will ultimately achieve these goals through a rigorous and iterative process that first works
to achieve a deeper understanding of psychological and biological systems related to mental
illness, identify new biomarkers and bio-signatures, create more homogenous groupings

for psychopathology and pathophysiology, and develop new interventions. As highlighted

in Figure 1, RDoC can have direct influence as the field moves towards personalized
interventions and refined diagnosis categories.

The RDoC framework as whole, depicted in Figure 2, encapsulates overall theories for
approaching mental health research in new ways. To provide guidance to the field a matrix
took shape, now containing six domains grouping relevant constructs in the rows of the
matrix, and ‘Units of Analysis’ forming the columns. The matrix is intended to provide

a conceptual structure to organize and communicate our understanding of fundamental
behavioral-neural systems. Initially, expert groups for each of the domains were convened
and, using current data and empirical evidence, offered suggestions for delineating each
domain into useful constructs (and occasionally, sub-constructs) based upon joint evidence
for a functional dimension of behavior and for an implementing neural circuit or system.
They also provided elements that were relevant for each ‘Unit of Analysis’. This provided
an informative place to start, as the field adjusted to thinking within the RDoC framework.
From its inception, the matrix was intended to evolve over time with new data and evidence.
As such, all the elements listed within the matrix are there as exemplars; researchers are

not bound to use these and only these in their RDoC-based research. Instead, the specific
elements of the matrix may provide a rational place for investigators to start when designing
a new study. Researchers are encouraged to use constructs and elements not listed, but to
select them in a rigorous manner consistent with the rest of the RDoC matrix (Cuthbert

& Insel, 2013; Cuthbert & Kozak, 2013; Sanislow et al., 2010). Ultimately, the matrix is
seen as a resource to help the field formulate initial scientific questions and design, and not
intended to constrain the scope of scientific exploration.

While the matrix does not specifically include development as a domain or construct,
understanding developmental trajectories across various phases of the lifespan represents a
critical consideration that is inherent in the RDoC framework. A foundational RDoC chapter
stated, “One very salient aspect concerns developmental processes, seen as critical for
multiple reasons” (Cuthbert & Insel, 2013, p. 1078). As elaborated in another early article,
“The RDoC conceptualization includes developmental processes and interactions with the
environment as orthogonal dimensions that should inform hypotheses and conclusions
derived from the RDoC organizational structure. Their absence from the matrix is due
only to the limitations of two-dimensional representation and should not be misinterpreted
as indicating that these important considerations are not relevant to the RDoC research
framework” (Morris & Cuthbert, 2012, p. 33).

J Child Psychol Psychiatry. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pacheco et al.

Page 3

Approaches using dimensional and functional assessments have long been integrated

into clinical research of child and adolescent psychopathology and have proven to
contribute to the understanding of heterogeneity within disorders, as well as identifying

the commonalities across disorders that were once thought to be quite different (Garvey et
al., 2016). One contribution of RDoC may have been to allow researchers some freedom
from being bound to diagnostic categories within their research, which proves particularly
important when considering child and adolescent populations. Development itself poses
many discontinuities that may be more amenable to dimensional research; certain behaviors
are considered normal during some developmental stages but can be a sign of mental
illness at others. Relatedly, the concept of sensitive periods, when the effects of particular
experiences have a strong influence on brain and behavior, may be more accessible when
using a dimensional outlook. Studying these periods are key to understanding how the
timing of events can impact risk for atypical development. Ultimately, understanding the
interaction between constructs as they appear, mature, and differentiate is critical to RDoC-
influenced developmental research.

Here, we look at the influence that RDoC has had on the portfolio of funded grants at
NIMH, and the impact on the field at large — in terms of research impact, treatment
development, trial design, and training focus for the next generation of scientists.

Influence of RDoC on the NIMH Developmental Portfolio

Defining the Developmental and RDoC portfolios

In order to define the set of funded grants that comprise the RDoC portfolio and the
developmental portfolio, we first used a snapshot of grants funded between 2008 to 2019.
The developmental portfolio is defined by grants that focus on populations ranging from
ages 0-18, as well as those using a participant pool of adults focused on understanding
childhood and developmental concerns (e.g., a study of adults with childhood ADHD to
understand the longer-term trajectory of ADHD would be considered developmental). The
developmental portfolio is relatively easy to delineate from the entire NIMH portfolio, as
each project is assigned to a Program Class Code (PCC), and typically projects that focus
on development fall into specific PCCs within the Institute. The developmental portfolio
contains 844 grants that were funded between the years 2008 and 2019 as identified by
selecting the grants within the appropriate PCCs.

Consistent with the intent of RDoC principles and approaches being applicable to NIMH’s
entire scientific mission, RDoC-related grants are not focused on any one scientific program
or PCC within NIMH and, save for grant applications submitted to RDoC-specific funding
opportunity announcements (FOA), information about the use of RDoC in each grant is
not systematically captured. In addition, grants can adopt any number of principles from
the overall RDoC initiative, creating, if you will, a dimensional “spirit of RDoC” across
grants. For these analyses, the RDoC portfolio has been defined using a natural language
processing algorithm to identify grants that have a high similarity score to a set of 83

hand classified, “gold standard” RDoC grants submitted to RDoC-specific FOAs. We used
a machine learning approach called word2vec (Mikolov et al., 2013) which learns word
relationships based on the title, abstract and specific aims of the grant. These relationships
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are embedded into a high-dimensional vector space which is used to calculate a similarity
score between each of the gold standard awards and all other NIMH awards. Grants with a
score of 0.75 or higher had a 66% agreement rate with previously curated RDoC grants and
were considered part of the RDoC portfolio for this analysis. These methods revealed 664
RDoC grants (among research project grants, on any topic, not limited to Developmental
grants) that were funded between the years 2008 and 2019.

Overlap of RDoC and Developmental Portfolios

Using these portfolio sets, we can examine the overlap between the developmental portfolio
and the RDoC portfolio and begin to highlight empirically the ways that the two have
changed over time. RDoC-focused aims and methodology are represented in a fair portion
of the developmental-themed research funded by NIMH. During this time window there
were 293 new and competing grants that fall within the overlap of RDoC and Development,
giving 34.7% of the developmental portfolio an RDoC focus (conversely, 44.1% of the
RDoC portfolio focuses on development). A Venn diagram of this overlap is shown in
Figure 3.

Examining the change in developmental portfolio year-by-year, we can see the impact that
the introduction of the RDoC initiative has had on the composition of the portfolio. Figure
4 shows the percentage of the developmental portfolio that includes RDoC, broken into
three time periods. The first time period, from 2008-2011, is considered Pre-RDoC, and
constitutes the time before NIMH had published any specific calls for RDoC-informed
research. Even before RDoC was officially announced, there was a steady 25% of the
portfolio that seemed to be addressing research using RDoC themes. Developmental
research is ripe for transdiagnostic and dimensional approaches, and this figure suggests
that those approaches were already prominently utilized prior to the issue of RDoC FOAs.

The second time frame depicted in Figure 4, from 2012-2015, represents Early RDoC, the
initial implementation of the RDoC initiative, with publication of RDoC-related notices and
FOAs annotated on the graph. The adaptation to RDoC in developmental research can be
seen as the percentage of RDoC grants climb steadily in these years, reaching a height of
nearly 75% by 2017. The third timeframe, from 2016-2019, is considered Recent RDoC. As
noted, the percentage of RDoC grants reaches a peak in 2017, and then begins to decline.
This pattern coincides with the decline of specific RDoC-related funding opportunities. In
2018 and 2019, the percentage of RDoC grants plateaus at approximately 35%. While it is
interesting to see that the introduction of RDoC and associated announcements elicited a
large spike in RDoC grants in the developmental portfolio, it is of even more import that

as a result the field seems to have responded positively to the idea of RDoC, as baseline
level of RDoC in the portfolio has seen a rise of 10%. Programmatically, it is encouraging
to see developmentally focused researchers leveraging dimensional, transdiagnostic, and
multimethodological approaches to conduct research consistent with NIMH’s efforts to
bridge basic and applied science.
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Bibliometric Analysis of the Developmental-RDoC Portfolio

Bibliometric assessments of grants that comprise the Developmental-RDoC Portfolio attest
to the influence of these studies on the field; these grants have produced numerous
publications, which have been well-cited. As shown in Figure 5, the number of publications
produced from these grants has increased steadily over time, from 100 in 2008 to over 600
in 2020. The Relative Citation Ratio (RCR) is a metric developed by NIH representing

a citation-based measure of influence (Hutchins et al., 2016). It is normalized to other
papers in the same field and year, with a score of 1 representing a publication with average
influence and publications with an RCR greater than 1 suggesting higher quality research.
The weighted RCR is the sum of RCRs for all publications within an analysis group and

is a measure of both the quantity and quality of a set of publications. This metric has also
increased steadily over time. However, the average RCR over time — ignoring the quantity
of publications — has been decreasing slightly, suggesting that the weighted RCR is being
driven by the overall number of publications, and not their citation ratios. For these analyses,
publications that cited the specific Developmental-RDoC portfolio grants as their funding
source were used, but we did not verify that each of those papers was inherently RDoC.

As such, the content of the resulting papers may not be completely RDoC-focused. Given
that RDoC is a framework to help design and implement scientific studies, there is also a
spectrum to the degree to which RDoC principles are included and adopted and not every
finding or aspect of an RDoC project is expected to be wholly RDoC, but we do think that
findings that arise from studies set up in any degree of RDoC-informed manner will be
useful for pushing the field forward.

These portfolio analyses serve as an overview of the state of the Developmental-RDoC
portfolio at NIMH. It highlights that allocation of funding towards RDoC-focused work
has not only had a large impact on the focus of the portfolio, but a lasting effect on how
the portfolio grows over time. While there were some projects that adopted RDoC themes
before RDoC was officially launched, the level of RDoC-focused work has increased even
after the specific funding dedicated to RDoC has lapsed. The bibliometric analyses show
that RDoC work resulting from these grants continues to be a growing focus of the literary
pool, and that they represent high-quality research, with an RCR greater than 2 throughout
the timeframe, despite a slight decrease over time.

Influence of RDoC on Research Training

The RDoC initiative has also influenced the type of NIMH-funded institutional research
training available to graduate and postgraduate students and fellows. Of twelve currently
funded NIMH T32 Ruth L. Kirschstein Institutional National Research Service Award
training programs focused on research of youth and early development, all include
investigators who have been awarded RDoC-related grants as part of their faculty or
leadership team. Another seven T32 awards include training activities explicitly focused

on RDoC methodology and approaches. These include didactic lecture series, access to
ongoing RDoC-related research activities, and initiation of projects that include human and
animal experimental models; developmental psychiatric neuroimaging; psychiatric genetics
and experimental therapeutics and biomarkers. While an RDoC focus is not explicitly noted
as part of the T32 funding announcement, T32 training directors are starting to integrate
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those approaches to prepare their students for RDoC-related studies and increase their
competitiveness for future career success. Traditional graduate training programs may also
begin to embrace changes to coursework, research methods, and practicum experiences to
prepare their students to conduct RDoC-centric studies (Levenson, 2014; Levenson, 2017),
although the extent to which RDoC-informed approaches have been and will continue to be
incorporated into the larger community of child and adolescent research training programs
remains to be seen.

The NIH Research Portfolio Online Reporting Tools

The data used in the above portfolio analysis is all available publicly, for the field to

make their own queries. The NIH exemplifies and promotes the highest level of public
accountability, and to that end has provided the Research Portfolio Online Reporting Tools
(RePORT) website, which provides access to reports, data, and analyses of NIH research
activities. Included in this website is the RePORT Expenditures and Results (RePORTER)
module (https://reporter.nih.gov/), which allows users to search for NIH-funded projects,
both intramural and extramural, and access publications that result from NIH funding. Many
other tools are available on the RePORT website, that allow access to reports and summary
statistics, common questions about NIH budget, and listing of awards by fiscal year,
location, and organization. Throughout the paper below, we use some links to RePORTER
to highlight grants that are good examples of how RDoC is being used in developmental
research, but these are not indicative of preferential funding for certain institutions.

Reception of RDoC outside of NIMH

RDoC was introduced as a research priority at NIMH and has become more prominently
featured throughout the portfolio, particularly as we have allocated funds to support RDoC-
specific initiatives. We have also been encouraged by the introduction and adoption of
RDoC principles outside of NIMH. Within the National Institutes of Health, both the
National Institute on Alcohol Abuse and Alcoholism (NIAAA) and the National Institute

of Drug Abuse (NIDA) have proposed similar concepts (NIAAA, 2016; NIDA, 2015). The
NIAAA’s Addictions Neuroclinical Assessment (ANA) aims to facilitate understanding of
the origin of addictions at a biological level, with the hopes to lead to more individualized
treatment (Kwako et al., 2017). At present, the classification of addictive disorders is based
on the substance of abuse, however current science indicates that differences and similarities
between addictions are not constrained by the substance of abuse. Much like RDoC, the
ANA is a dimensional framework that incorporates behavioral measures, brain imaging, and
genetic data. Similarly, NIDA has implemented a Strategic Planning Workgroup that’s has
highlighted a need to “Explore, evaluate, and implement novel approaches for characterizing
the complex phenotypes of people with SUDs and substance use problems” (NIDA, 2015).
Many of the goals of this workgroup are based in principles shared by both RDoC and the
ANA.

The European psychiatric research community has also adopted approaches that mirror
RDoC. The large-scale PRISM (Psychiatric Ratings using Intermediate Stratified Markers)
project, funded through the EU-Innovative Medicine Initiative, aims to develop a
quantitative biological approach to the understanding and classification of neuropsychiatric
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diseases to accelerate the discovery and development of better treatments for patients (Kas et
al., 2019). Similar to RDoC, PRISM study participants with a range of neuropsychiatric
symptoms will be assessed using multiple methods in an attempt to parse current
heterogeneous syndromes into homogeneous clusters. Additional European agency funded
efforts consistent with an RDoC focus (Bong et al., 2020; Destoop et al., 2019; Hengartner
& Lehmann, 2017; Hirjak et al., 2019; Holroyd & Umemoto, 2016; Kleinman et al., 2015;
Luyten & Fonagy, 2018), include efforts focused on intervention development (Pasion et al.,
2019), and drug discovery (Andersen et al., 2014; Fibiger, 2012; O’Tuathaigh et al., 2017;
Tricklebank et al., 2021), and autism biomarker identification (Loth et al., 2017).

Influence of RDoC on Developmental Research

Similar to the influence that RDoC had on the focus of grant applications being funded,

the introduction of the RDOC initiative has influenced the variety of scientific questions
that have been pursued. One of the main problems that arise when conducting research
based on diagnostic categories concern the issues of heterogeneity and non-specificity due
to overlap of symptoms. Due to the varied ways that people can qualify for a symptom-
based diagnosis, there can be people with the same disorder who share relatively few
overlapping symptoms. Similarly, patients who share a common single symptom might
have different diagnoses and underlying pathologies since different mental illnesses may
have overlapping symptomatology. Research focusing on a single disorder suffers from the
issue of grouping all patients together, despite known differences in symptomatology, and
excluding cases where there might be more than one disorder. However, when we re-classify
our participant groups based on dimensions of functioning, per RDoC, we are more likely to
be looking at more homogenous attributes and can more easily understand the mechanisms
and relationships among them.

RDoC was introduced to influence research design, to address shortcomings and provide
some freedom to the field that was being overly confined by diagnostic categories. In
addition to impacting the way participant groups are defined, RDoC can offer some new
insight into methods and domains of study. The RDoC framework is structured with
examples of domains of function, as well as units of analysis, and encourages the field

to use multiple units of analysis (e.g., physiological measure, behavioral assessment, and
neural circuitry) and measure one or more domain (e.g., negative valence, cognition and
sensorimotor systems). In order to gain a more complete understanding of these complex
disorders and deficits, it will be important for the field to find connections between different
systems, how they work together, when they are independent, and how they change over
time. Thus, the development of reliable, valid, and rigorous tools for measuring each domain
is critically important. Some domains, like Cognitive Systems or Positive Valence, have

a long history of tasks and paradigms that have been well-used and well-studied, wheras
other domains, like Social Processes, do not have the abundance of paradigms that can be
implemented easily or across large samples. NIMH has spent some time looking into the
tools we have for assessments, via a Council Workgroup in 2016 (NIMH, 2016), as well as
specific funding announcements? calling for work to develop tools and methods to explore
relationships among the domains of the RDoC matrix.
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Below we highlight three areas that showcase how RDoC has impacted the field of research.
In one case, with Attention-Deficit Hyperactivity Disorder (ADHD), using RDoC has
allowed for better exploration of heterogeneity within the diagnosis and highlighted different
trajectories that are important for understanding ADHD persistence and remittance. In
another case, childhood irritability, RDoC has helped to elucidate research that may span
multiple diagnoses and uncover mechanisms involved in the behavioral phenomenon. And,
in a third case, we look the utility of RDoC in studying risk for mental iliness at much
younger ages using the example of early biomarker research in Autism Spectrum Disorder
(ASD).

Attention-Deficit/Hyperactivity Disorder — an example of heterogeneity

One of the major tenets of RDoC is its utility for exploring heterogeneity with a

single diagnostic category. Recent work with ADHD highlights this advantage. ADHD

is a prevalent and persistent developmental disorder that emerges early in childhood,
characterized by excessive inattention, hyperactivity, or impulsivity (APA, 2013). Although
onset can be very early in childhood, diagnosis of ADHD is typically established in the
school age years, making ADHD one of the most common diagnoses in educational settings
(Matthews et al., 2014). Children with ADHD are more likely to have poor outcomes in
school (Loe & Feldman, 2007), be at increased risk of substance abuse (Adisetiyo & Gray,
2017), and they are also at a greater risk for developing subsequent mental illnesses into
adulthood (Hinshaw, 2018). While the disorder name implies that the problem is inherently
a deficit in attention, there has been much work that shows that the deficits experienced

in ADHD might actually affect more than just this one system (Nigg, Karalunas, Feczko,

et al., 2020), and there is a great degree of inter-individual variation in the manifestation

of these issues (Hinshaw, 2018; Kofler et al., 2013; Nigg et al., 2002; Nigg, Karalunas,
Feczko, et al., 2020). Classically, attention-focused research had shown that individuals with
ADHD show deficits in several different forms of attention (e.g., covert attention, selective
attention, sustained attention, and attentional capacity) (Barkley, 1997); however evidence
indicates that this may be better thought of as a deficit with attention regulation (Hinshaw,
2018). Behavioral evidence supports the notion that ADHD can actually be an inability to
detach attention from compelling stimuli, or hyperfocus (Hinshaw, 2018) and neuroimaging
work shows intrusions of resting-state and default-mode networks when attention-focused
networks should be engaged (Raichle & Snyder, 2007).

Clinical presentation of ADHD is heterogenous, with extensive variability in phenotypes
demonstrated. In fact, the diagnostic criteria divides ADHD into three subtypes, one where
inattention is prevalent, one where hyperactivity is prevalent, and a combined subtype
where both features are equally present (APA, 2013). These sub-type presentations are not
expected to be stable, as children diagnosed with ADHD can change their presentation over
time (Braaten, 1997; Lahey et al., 2005; Nigg et al., 2002). This inherent heterogeneity
supports the notion that ADHD might be best examined as a more dimensional disorder,

1pAR-18-930: Development and Optimization of Task and Measures for Functional Domains of Behavior (R01)
RFA-MH-19-242: Computational Approaches for Validating Dimensional Constructs of Relevance to Psychopathology (R01)
RFA-MH-19-240: Computationally-Defined Behaviors in Psychiatry (R21)
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falling along a continuum, and not treated as one homogenous group (Haslam et al., 2006;
Martel, 2009; Matthews et al., 2014; Nigg et al., 2002).

More recently, work has been done to try and classify the heterogeneity within the ADHD
population, trying to identify sub-types 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 (Karalunas et

al., 2017). Specifically, the rate of working memory improvement was shown to predict
symptom remission in ADHD (Karalunas et al., 2017). In this case, working memory
deficits that fail to return to age-appropriate norms before adolescence are correlated with
persistence of ADHD symptoms through adulthood, whereas if working memory deficits do
return to age-appropriate norms, subjects typically experienced a remittance of symptoms.
A similar exploration using emaotion trait profiles revealed three subtypes within a large
sample of children with ADHD, “mild” (normative emotional functioning), “surgent” (high
surgency), and “irritable” (high negative affect). The irritable group showed the highest
stability over time, and the best prospective predictor of clinical outcomes, exhibiting a more
severe and persistent set of ADHD symptoms (Karalunas et al., 2019). 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 (Goh et al., 2020). Further
exploration with these subtypes and polygenic risk scores for both ADHD and Major
Depressive Disorder (MDD) showed a much higher connection to ADHD than a mood
disorder genetic profile (Nigg, Karalunas, Gustafsson, et al., 2020). This line of research
demonstrates that using RDoC approaches has helped to identify subtypes of the disorder,
which can be more informative to treatment and intervention practices.

Classically, research into the mechanisms of ADHD have focused on aspects of Cognitive
Systems, mainly areas of attention as well as executive function, which are thought to be
primary areas of deficits. However, the emergence of the RDoC Matrix has also opened

up new avenues of research that focus on domains outside of cognition to look at the

effects of ADHD. In recent years new work has begun to explore aspects of ADHD and the
relevant aspects of positive valence (Cohen, 2019), negative valence (Stevens, 2020), and
motor systems (Schweitzer, 2020). Taken together, this work hopes to paint a more complete
picture of a complex psychiatric disorder.

Childhood Irritability — an example of symptom non-specificity

Irritability is the most common reason that children are brought to the emergency room

or outpatient evaluation (Brotman et al., 2006; Collishaw et al., 2010; Kelly et al., 2010;
Leibenluft et al., 2003; Peterson et al., 1996; Stringaris et al., 2009). Early childhood
irritability frequently persists as children age (Dougherty et al., 2013; Wiggins et al., 2014),
predicts later mental illnesses (Brotman et al., 2006; Copeland et al., 2014; Stringaris et al.,
2009) and poorer socioeconomic outcomes (Brotman et al., 2006). However, the presence
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of irritable symptoms is correlated with multiple Diagnostic and Statistical Manual (DSM)
diagnoses, including mania, bipolar disorder, major depressive episode, generalized anxiety
disorder, ADHD, oppositional defiant disorder, and disruptive mood dysregulation disorder.
The presence of irritability in multiple mental illnesses hinders its usefulness in serving as a
diagnostic or predictive biomarker. The NIMH Workshop on Pediatric Irritability (February,
2014) and the First Congress on Pediatric Irritability (September, 2015) identified a need for
transdiagnostic, dimensional research on irritability for better characterization of irritable
phenotype(s) and deeper understanding of the underlying biological and psychosocial
processes, in order to identify diagnostic and treatment-responsive biomarkers and targets
for intervention (Avenevoli et al., 2015). In the years following these foundational meetings,
many researchers have utilized the RDoC research framework to move from symptom-
based, categorical assessments of irritability to dimensional measures aimed at uncovering
biotypes useful for classification, clinical prediction, and experimental therapeutics.

The three domains that have been the focus of most RDoC approaches to irritability are
Negative Valence, Positive Valence (Reward) and Cognitive Processes. Within the domain
of Negative Valence, a key construct that has been extensively explored is frustrative non-
reward. Irritable youth show lower thresholds for anger after failure to receive an expected
reward (Brotman et al., 2017; Deveney et al., 2013; Meyers et al., 2017; Rich et al., 2011,
Rich et al., 2007). Decreased thresholds for frustration are consistently associated with
decreased amygdala activation when irritable youths fail to receive an expected reward,

in comparison to typically developing youth (Deveney et al., 2013; Perlman et al., 2015;
Rich et al., 2011). Some groups have reported decreased striatum, anterior and posterior
cingulate, and middle frontal gyrus activation during frustration conditions for irritable
youth vs. age-matched controls (Deveney et al., 2013; Perlman et al., 2015) ,while others
have reported increases in anterior cingulate and medial frontal gyrus (Rich et al., 2011).

In addition to the construct of frustrative non-reward in the Negative Valence domain, work
on irritability has also focused on several reward-related constructs within the domain of
Positive Valence including reward responsiveness (Kessel et al., 2016; Perlman et al., 2016)
and probabilistic and reinforcement learning (Adleman et al., 2011; Dickstein et al., 2007).
Within the Cognitive Processes domain, research on irritable youth has focused on cognitive
control or response inhibition, the ability to withhold a dominant response in order to select
a goal-consistent response. Irritable adolescents exhibit diminished selective attention and
response inhibition compared to typically developing peers (Deveney et al., 2012; Pagliaccio
etal., 2017; Rich et al., 2007; Tseng et al., 2019).

One challenging aspect of research on irritability, and its utility in identifying early risk for
psychopathology, has been the fact that behavioral manifestations such as temper tantrums
can be examples of age-appropriate typical development or can be a potential marker of
clinical concern (Wakschlag et al., 2012). Longitudinal follow-up of a cohort of 3-year-olds
with significant irritability was predictive of clinical diagnoses at age 6 (Dougherty et al.,
2013) and age 9 (Dougherty et al., 2015). In order to develop measures that distinguish
normative from clinically significant irritability, researchers have utilized dimensional
measures of behaviors associated with irritability (e.g., easily frustrated or destructive
tantrums) in participant groups with a full range of irritability severity. These studies

have demonstrated that dimensional assessments have good sensitivity and specificity
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for distinguishing normative development vs. clinically salient irritability predictive of
longitudinal likelihood of diagnosis of a DSM disorder (Wakschlag et al., 2015; Wiggins et
al., 2018). The RDoC emphasis on functional domains and constructs has been particularly
helpful in identifying underlying processes that may confer developmental predisposition
toward psychopathology (Wakschlag et al., 2014).

Just as work in older children and adolescents has focused on reward processes and
cognitive control, so too, have these domains been explored in preschool children at baseline
or subsequent follow-up visits. For example, Dougherty et al. (2018) found that children
who had more severe levels of irritability in preschool had altered amygdala and ventral
striatum connectivity with other cortical regions during the monetary incentive delay task
than children with mild preschool irritability. High levels of frustration on non-reward trials
have also been associated with higher levels of lateral prefrontal cortex activation measured
by functional near-infrared spectroscopy (fNIRS) in children age 3-5 (Perlman et al., 2014).
Similarly, higher temper loss scores have been associated with larger N2 amplitude in EEG
and reduced no-go accuracy during frustration trials in children age 4-7 (Deveney et al.,
2019). Some studies have focused on cognitive control and cognitive flexibility, measured
with Go/No Go or Stroop tasks. The N2 negativity in EEG can distinguish preschoolers
with high vs. low disruptive behavior (Grabell et al., 2017) and prefrontal cortex activity
measured with fNIRS is correlated with irritability and cognitive flexibility in preschool age
children (Li et al., 2017). The significance of these neurocognitive and neurophysiological
findings in preschool age children is that symptoms of irritability can be mapped onto
specific RDoC domains and brain circuits even before a child meets DSM diagnostic
criteria. These biobehavioral markers can meaningfully distinguish between normative
levels of irritability in young children and clinically significant levels of irritability that

are correlated with neural and behavioral indicators of risk. The explosion of passive,
remote sensors is currently enabling even earlier investigation of physiological correlates
of irritability and vulnerability for psychopathology by facilitating collection of infant
vocalizations, heartrate variability, sleep, and motor activity (Wakschlag et al., 2014).

Autism Spectrum Disorder — an example of early developmental research

One particular utility of the RDoC perspective may be in examining very early development
as it relates to understanding later emergence of a clinical diagnosis. An illustrative example
can be seen in the search for early biomarkers of autism spectrum disorder (ASD). While
overt behavioral phenotypes of ASD typically begin to manifest around the second year after
birth (Zwaigenbaum & Penner, 2018), the importance of early intervention in improving
outcomes has made early identification of ASD markers a key area of research in this

field. Many studies have shown deficits in neural connectivity in preschool-aged children
diagnosed with ASD including atypical patterns of EEG (Coben et al., 2008; Cornew et al.,
2012). In subsequent examination of infants, differential EEG patterns were seen in infants
as young as 6 months at high familial risk for ASD relative to those at low familial risk
(Tierney et al., 2012). Further, data driven modeling of EEG collected longitudinally from 3
months to 3 years was used to identify the frequency bands in the first or second year that
most accurately differentiated later ASD risk and diagnosis (Gabard-Durnam et al., 2019).
These measures identified potential risk biomarkers significantly earlier than behavioral

J Child Psychol Psychiatry. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pacheco et al.

Page 12

measures would have allowed; however, the use of a single diagnostic outcome limited
their direct utility in terms of how to intervene at an individual level given the phenotypic
heterogeneity of ASD.

In contrast, a longitudinal study of infant development in a prospective community sample
used an RDoC perspective to examine the relationship between neonatal EEG power and
developmental behavioral assessments at 24-36 months. The study found that while EEG
power was not related to measures of children’s cognitive development, play behaviors,

or linguistic development, there was a relationship with social competence (Brito et al.,
2019). While extremely preliminary, this type of finding represents a potentially important
clarification about the relationship between a biomarker that may predict a diagnosis and
what aspects of the broad ASD phenotype may be driving that particular biomarker. This,
in turn, may inform which aspect of intervention might be emphasized in a more actionable
way.

While this example of a biomarker signature is specific to a single modality of measurement
(EEG), it serves as a microcosm of one of the central questions around early identification
of biomarkers in ASD more broadly: does a biomarker need to be specifically related to

the deficits seen in the disorder to have utility in informing early understanding of risk and
potential intervention? Certainly, attempts have been made to use toddler ASD behavioral
screeners in infants, but these have proven poorly reliable at these earlier ages (Parikh et al.,
2021; Wetherby et al., 2008). However, given the heterogeneity and frequent comorbidities
seen in ASD, it is fair to consider whether a focus on ASD-specific biomarkers is necessary.
In a recent review and commentary, Talbott and Miller (2020) argue that moving the focus of
early detection towards ASD-relevant transdiagnostic behavioral domains such as attention
or self-regulation may allow for more effective targeted interventions based on individual
needs as opposed to general developmental interventions that may not effectively treat core
symptoms of ASD (and other disorders).

The current effort to develop an “NIH Infant and Toddler Toolbox” to provide just such

a set of normed, domain-specific assessments for children between 1-42 months of age

is an important step in this approach. By providing easily administered and easily scored
assessments of domains including cognition, social functioning, language (receptive and
expressive), numeracy, self-regulation, and executive function, researchers will be able to
probe specific aspects of behaviors relevant to ASD or other disorders of interest without
relying on general functioning measures or on disorder-specific screeners that are not age
appropriate (Gershon, 2019).

The above three examples highlight specific lines of research that have been informed and
expanded upon using RDoC approaches. Allowing research to break free from the confines
of clinical diagnosis can open the field to uncover new relationships that weren’t readily
apparent when using diagnostic categories to define research groups.
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Influence of RDoC in Developing Child and Adolescent Interventions

Although the RDoC initiative was not initially designed for use within the clinic, RDoC
was conceived to ultimately reduce the burden of mental illness by providing research
findings that can inform revisions of current diagnostic nosologies, lead to the development
of new treatments targeted to underlying mechanisms of psychiatric disorders, and increase
precision in treatment application through the identification of mechanistically similar
subgroups (Garvey et al., 2016; Insel et al., 2010). For children and adolescents, the

RDoC approach of integrating behavioral functions that cross current diagnostic categories
may specifically help facilitate more precise interventions that target specific domains of
functioning that contribute to disease heterogeneity commonly found in youth, identify early
stages of psychopathology that may provide new targets for prevention or intervention,

and preempt or alter the trajectory of illness across the lifespan. The translation of RDoC
findings into clinical application will take time, but a number of reecntly funded studies
demonstrate the potental for informing the development of new treatments.

Interventions and Disorder Heterogeneity

RDoC research can help tease apart heterogeneity within a single disorder, which serves

to help focus interventions on particular deficits/symptoms experienced by an individual
patient. In children and adolescents, heterogeneity in ADHD is an illustrative example. As is
outlined above, ADHD attentional deficits are now known to include many dimensions,
including deficits in working memory (WM). These are among the most consistently
reported cognitive impairments in ADHD (Kasper et al., 2012). Performance on brief

WM information-storage tasks predicts attention abilities, general aptitude, and academic
achievement; moreover, performance on some WM tasks predicts ADHD-like behaviors

in non-ADHD persons (e.g., multi-tasking, mind wandering, and difficulty following
directions) (Fried et al., 2016; Kofler et al., 2017). Based on this evidence, numerous studies
have used cognitive training approaches to improve working memory for ADHD (Cortese et
al., 2015). These are operationalized through increasingly challenging training sessions over
a period of weeks with the goal of reducing ADHD symptom severity and associated clinical
dysfunction. Nearly all ADHD WM training research to date has focused on increasing

WM storage capacity. These studies show that, while WM storage training reliably improves
WM capacity, with gains that persist over time, scant evidence supports their consistent
translation into improved ADHD symptom severity or better functioning (Cortese et al.,
2015). Recent RDoC-inspired research has shown that executive working memory (EWM)
skills can be conceptualized as promoting flexibility of selective attention measured by tasks
that require attention shifting or updating (Bledowski et al., 2010) — lending stability to

WM representations by filtering out extraneous distracting information or by suppressing
interference of uninformative information. These EWM task behavioral deficits are by far
the strongest WM deficits in ADHD, stronger than deficits in WM storage. This may be

one reason why training of WM storage did not show clinical benefit. A small number of
investigators have started to focus treatment development efforts on targeting these EWM
skills to determine if they mediate improvement in clinical outcomes (Kofler et al., 2018;
Kofler et al., 2020; Stevens et al., 2016).
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Interventions Based on Early Manifestations of Disease

The study of RDoC constructs within a developmental framework may uncover early
manifestations and differential pathways of disease progression that offer new targets to alter
those trajectories at the earliest stages. Focusing on the fundamental components of behavior
can allow for the detection, longitudinal monitoring, and targeting of emerging symptoms
that do not meet criteria for a disorder, and ultimately may themselves be important

targets for new therapies (Garvey et al., 2016). For example, studies in younger siblings

of children with ASD charted the very early development of fundamental components of
behavior (motor, language development, and social responsiveness) and found a decline in
preferential attention to the eyes of others, an indicator of social attention between 2 and

6 months of age in those children who were later diagnosed with ASD (Bedford et al.,

2012; Chawarska et al., 2014; Jones & Klin, 2013; Ozonoff et al., 2015). By understanding
the natural progression of eye gaze and its relationship to social attention, investigators
found a possible construct associated with ASD that may inform early detection and
intervention. Building on this premise, Scherf et al. (2018) developed the Social Games

for Adolescents with Autism (SAGA) to train children with ASD to attend and process eye
gaze so as to increase understanding of gaze cues and attention to faces. SAGA is currently
being evaluated as part of an NIMH-funded clinical trial (Scherf, 2016). Similarly, Lense
and colleagues (2016) used observations of infant social behavior and eye entrainment,
observable as early as two months of age, to posit the targeting of flexible rhythmic
prediction by social musical activities to scaffold the rhythm and timing skills necessary

for development of social rhythmic entrainment and more successful social interaction.

This research team is currently evaluating this intervention to support the development of
evidence-based music interventions to improve social communication for children with ASD
(Lense & Jones, 2019).

Intervention and Disease Trajectory

RDoC-inspired mental health research allows investigators to recruit a homogeneous group
of participants that do not meet criteria for a DSM disorder by selecting them based on

their performance on behavioral tasks. Using individuals at clinical high risk for psychosis
has allowed for the development of interventions that target sub-syndromal symptoms, with
the goal of preventing the onset of psychosis. An example of this work includes processing
speed training in teenagers and young adults at clinical high risk for psychosis. Impairments
in processing speed are seen to emerge during early adolescence prior to the onset of
psychatic symptoms that show a strong cross-sectional and longitudinal relationship to
social function and eventual onset of psychosis (Carrion et al., 2011; Choi et al., 2017).
Longitudinal studies have shown that deficits in processing speed are one of the best
predictors of current and future social functioning impairments, social decline, and eventual
conversion to psychosis (Carrion et al., 2011; Carrion et al., 2013). Preliminary evidence that
processing speed can be altered and the strong rationale linking deficits in processing speed
to poor social function can pave the way for development of novel interventions and can
translate into improved outcomes for individuals at high risk for psychosis.

As an example, Cornblatt and colleagues (2021) are working to identify potential targets to
prevent the onset of psychosis in young adults. Cognitive remediation strategies shown
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to have positive effects in preventing the conversion of psychosis in adults have had

mixed results in younger patients (Glenthoj et al., 2017). Hypothesizing that broad based
approaches that attempt to address the full range of cognitive deficits seen in individuals
with psychosis are insufficiently focused on the targets most likely to confer conversion,
Cornblatt and colleagues have proposed an alternate approach that focuses on processing
speed. Neurocognitive processing speed represents the rate at which an individual can
perform a cognitive operation and is considered to be a core cognitive deficit in patients
with schizophrenia (Ojeda et al., 2012). Processing speed has, in turn, been associated with
downstream development of other behaviors such as social functioning; processing speed
deficits have been shown to be strongly related to poor social functioning prior to the onset
of psychosis, independent of positive symptoms (Cannon et al., 2008; Carrion et al., 2011;
Carrion et al., 2013). These findings have led the Cornblatt team to propose a clinical

trial (Cornblatt, 2021) to evaluate whether a specialized cognitive training package engages
a neurocognitive processing speed target and, if so, determine whether those changes are
associated with reductions in positive symptoms and improved social functioning.

Assessing Impact and Looking Forward

Since its introduction, the Research Domain Criteria has had an impact on the contents of
the portfolio at NIMH, on the direction of research into specific mental illnesses as well

as common transdiagnostic problems, and has even started to influence clinical treatment
and interventions for patients as well as training for the next generation of scientists.

With such a broad impact, it is important to understand that RDoC was implemented

to address some shortcomings in a field that was driven entirely (funding, publication,

and interventions) by symptom-based diagnoses that increasingly were dissociated from
biological and psychological systems (Insel et al., 2010). RDoC was never intended to be a
fix-all, but an additional tool for the field to use. Many misconceptions abound concerning
RDoC, perhaps none more pervasive as to whether RDoC is required for NIMH funding.
The portfolio analysis presented here showcases that the NIMH developmental portfolio

is not exclusively limited to research using RDoC approaches, but RDoC has become

a significant component of the portfolio. As RDoC was always intended to grow and
evolve along with new discoveries and techniques, there is room for continued growth
while using transdiagnostic and dimensional approaches in develpmental work. There is

a general need for validation and optimization of measurement tools into younger ages,

in order to assess constructs that may be useful in very early identification of risk for
mental illnesses and strategies for prevention. The ability to explore constructs outisde of
a strict diagnosis has given rise to biomarkers that are sensitive to dimensional differences
and has identified mechanisms associated with heightened risk, sometimes when clinical
symptoms are subthreshold, thus providing opportunities for modifiable, preclinical targets
for selective and indicated preventive treatment. By shifting mental health research from
symptom-based diagnostic categories to biotypes, RDoC has produced new constructs with
less heterogeneity that in turn facilitate precision medicine approaches to optimize treatment
selection by targeting the underlying processes that are relevant for an individual patient.

One notable challenge that lies ahead is the clinical translation of RDoC-driven findings into
patient care. The development of evidence-based interventions can be a long process, and
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agencies such as NIH and the FDA have implemented approaches to accelerate treatment
development and reduce the time from bench to bedside (Insel, 2015; NIH, 2014). Although
NIMH has funded a decade of RDoC focused research, those findings are only now
translating to new treatment targets and approaches to manipulate those targets and impact
the lives of children and their families. In addition, the RDoC approach is consistent with the
FDA'’s more recent approach to consider specific symptoms (e.g., cognitive dysfunction in
major depressive disorder) as suitable targets for drug development, rather than overall DSM
diagnoses (FDA, 2016). Together, these approaches have the potential to more precisely
target the underlying constructs that comprise disorders and speed the development of new
interventions. Time will tell whether the RDoC initiative has been successful in driving the
development of new treatments, but the initial signs are promising, as suggested by examples
above.

The growing use of mobile sensors, passive monitoring, and ecological momentary
assessments has made it possible to examine sleep and activity levels, social and family
interactions, and neighborhood environment including noise and nightime light levels. The
use of these types of measures also enables measurements in settings that are particularly
meaningful in the lives of children and adolescents, such as in school settings, or during
play and extracurricular activities, or at home. More work could be done to elucidate

more culturally sensitive constructs, and identify domains of functioning that may be
informative for exploration across different populations and/or in different contexts. The
RDoC framework may also prove useful in understanding how social drivers of mental
health “get under the skin” by acting on specific processes and brain circuits. Longitudinal
studies enrolling individuals with a broad spectrum of dimensional behaviors can also
enhance our undestanding of protective factors and resilience, elucidating capacities,
resources and processes that are associated with better outcomes. The RDoC research
framework is also conducive to the use of common data elements because assessment tools,
behavioral tasks, physiological and neural measurements are increasingly shown to tap
specific constructs and circuits as the community of researchers using RDoC approaches has
grown. In concert with community-driven consensus on harmonized research tools, NIMH
encouragement of data sharing through the NIMH Data Archive has resulted in a growing
body of publically available datasets using similar measures, tasks, and data acquisition
techniques; this resource provides a research ecosystem that can support the use of synthetic
cohorts and bioinformatics approaches to explore larger datasets with power to understand
complex interactions of multiple factors such as age, sex, socioeconomic status, race, and
ethnicity. We look forward to new discoveries that will emerge as RDoC matures and
follows its own trajectory of growth.
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Key points
. This review contains the results of an initial portfolio analysis to look at the
impact of RDoC on the NIMH developmental portfolio.
. This review also discusses how RDoC has influenced the research focus of
the field, both in understanding the mechanisms and interventions/treatments

of psychopathology.
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RDoC and the Translational Pipeline

~
* RDoC helps translate symptoms, across disorders, into circuits and processes
* RDoC can also help distinguish subtypes within a disorder
o
~

* Because RDoC constructs are rooted in biological and psychlogical processes, RDoC helps identify biomarkers
that can be tested for diagnostic reliability and prediciton of clinical trajectories

Biomarker
Identification )
\\
* RDoC's emphasis on mechanistic processes and use of dimensional measures facilitates an experimental
therapeutic approach that tests whether the processes are modifiable, tracks target engagement, and
Target measures whether changes in mechanistic processes are correlated with clinical outcome
Identification )

* Using information in all previous steps, personalization of interventions based on individual profiles,
., | . biomarkersand etiology is possible

Interventions J

Figure 1.
This figure provides a basic overview of the translational pipeline, along with the ways that

RDoC-focused research can influence each step.
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Figure 2.
This figure is a visual representation of the RDoC framework. The framework is a

dynamic structure that currently focuses on six major domains of human functioning
(e.g., Negative Valence Systems, Cognitive Systems). Contained within each domain are
several behavioral elements, or constructs, that comprise different aspects of its overall
range of functions. Constructs are studied along a span of functioning from normal to
abnormal with the understanding that each is situated in, and affected by, environmental
and neurodevelopmental contexts. Measurements of constructs can be made using several
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different classes of variables, or units of analysis, which include genetic, physiological,
behavioral, and self-report assessments. The RDoC framework is designed to evolve based
on new findings from the research community and thus will be modified to include new
and/or revised constructs and domains.
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Developmental

Portfolio (N=844) RDoC
Portfolio (N=664)

551 293 371

Figure 3.
A Venn diagram depicting the overlap between the NIMH Developmental Portfolio (n=844)

and the NIMH RDoC Portfolio (n=664) between 2008 and 2019. There were 293 funded
grants that fall in both portfolios.
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RDoC Overlap in the Developmental Portfolio
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Figure 4.
A line graph showing the percent of the Developmental Portfolio that is also in the

RDoC Portfolio by year, from 2008 to 2019. Timeframes of “Pre RDoC”, “Early RDoC”,
and “Recent RDoC” are shaded in blue, green and red (respectively), to identify the
timeframes relationship to the initiation of the RDoC framework at NIMH. Relevant
Funding Announcements are overlaid to depict the allocation of funds specific to RDoC
research.2

2Listing of NIMH Notices and Announcements with links and titles:

RFA-MH-12-100: Dimensional Approaches to Research Classification in Psychiatric Disorders (RO1)
RFA-MH-13-080: Dimensional Approaches to Research Classification in Psychiatric Disorders (R01)
RFA-MH-14-050: Dimensional Approaches to Research Classification in Psychiatric Disorders (RO1)
RFA-MH-14-030: Advancing Eating Disorders Research through Dimension Studies of Biology and Behavior (R01)
PAR-14-008: Secondary Data Analyses to Explore NIMH Research Domain Criteria (R03)

RFA-MH-15-500: Dimensional Approaches to Research Classification in Psychiatric Disorders (R01)

PAR-16-135: Using the NIMH Research Domain Criteria (RDoC) Approach to Understand Psychosis (R21)
PAR-16-136: Using the NIMH Research Domain Criteria (RDoC) Approach to Understand Psychosis (R01)
RFA-MH-16-510: Dimensional Approaches to Research Classification in Psychiatric Disorders (RO1)

PAR-17-158: Secondary Data Analyses to Explore NIMH Research Domain Criteria (R03)

PAR-18-930: Development and Optimization of Task and Measures for Functional Domains of Behavior (R01)
RFA-MH-19-242: Computational Approaches for Validating Dimensional Constructs of Relevance to Psychopathology (R01)
RFA-MH-19-240: Computationally-Defined Behaviors in Psychiatry (R21)
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Figure 5.
The bar graph on the left shows the number of publications that came from the RDoC-

developmental portfolio per year from 2008-2019. The bar graph on the right shows the
weighted RCR, representing a citation-based measure of influence, of the publications per
year. The weighted RCR is normalized to other papers in the same field and year, with a
score of 1 representing a publication with average influence. The red line shows the average
RCR by year.

J Child Psychol Psychiatry. Author manuscript; available in PMC 2022 April 01.

018 2019

Y 9Besany



	Abstract
	Introduction
	Influence of RDoC on the NIMH Developmental Portfolio
	Defining the Developmental and RDoC portfolios
	Overlap of RDoC and Developmental Portfolios
	Bibliometric Analysis of the Developmental-RDoC Portfolio
	Influence of RDoC on Research Training
	The NIH Research Portfolio Online Reporting Tools
	Reception of RDoC outside of NIMH

	Influence of RDoC on Developmental Research
	Attention-Deficit/Hyperactivity Disorder – an example of heterogeneity
	Childhood Irritability – an example of symptom non-specificity
	Autism Spectrum Disorder – an example of early developmental research

	Influence of RDoC in Developing Child and Adolescent Interventions
	Interventions and Disorder Heterogeneity
	Interventions Based on Early Manifestations of Disease
	Intervention and Disease Trajectory

	Assessing Impact and Looking Forward
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.

