www.nature.com/npp

PERSPECTIVE

Using empirically-derived dimensional phenotypes
to accelerate clinical neuroscience: the Hierarchical
Taxonomy of Psychopathology (HiTOP) framework
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Clinical neuroscience seeks to understand the neurobiological
mechanisms of mental illness and translate that knowledge into
effective, biologically-informed interventions, including pharmacological approaches. The past two decades have witnessed the
development of powerful new tools for quantifying variation in
the human brain. Nonetheless, although substantial resources and
efforts have been invested in identifying reliable neurobiological
indicators of mental illness, or “biomarkers”, only modest progress
has been made. A growing consensus attributes this lack of
progress largely to the shortcomings of current categorical
diagnostic systems, rather than intrinsic limitations of biological
approaches [1].
Categorical diagnoses are suboptimal targets for research on
the foundations of psychopathology, and subsequently on the
development of biologically-informed interventions, due to their
extensive comorbidity, within-disorder heterogeneity, and poor
reliability [2]. Within-disorder heterogeneity is so extreme that, for
many disorders, two patients may receive the same diagnosis
despite sharing few or no overlapping symptoms. Further, no
common mental disorder has ever been shown to be categorical
rather than dimensional, and the cutoffs used to deﬁne diagnoses
lack empirical justiﬁcation, reduce statistical power, and reduce
reliability and validity relative to the use of dimensional scores [2].
The U.S. National Institutes of Health (NIH) have responded to
this crisis with the NIMH Research Domain Criteria, the NIAAA
Addictions Neuroclinical Assessment, and the NIDA Phenotyping
Assessments Battery—diagnostically agnostic frameworks formulated by groups of experts around transdiagnostic, biobehavioral
systems. Although they place valuable emphasis on neural
systems, such frameworks are currently limited in their deﬁnition
of relevant clinical presentations of mental illness; thus, the
relation of these frameworks to patients’ suffering, dysfunction in
daily life, and potential treatment remains unclear. A complementary framework is needed to link data on biobehavioral systems to
the patterns of signs and symptoms that lead people to seek
treatment.
An empirically derived, dimensional model of psychopathology
can provide just such a framework, working together with the NIH
frameworks synergistically to boost their effectiveness. Integrating
decades of nosological and psychometric research, the Hierarchical Taxonomy of Psychopathology (HiTOP; https://medicine.
stonybrookmedicine.edu/HITOP) consortium has developed a
hierarchical, dimensional model with the potential to encompass

the full range of psychopathology (Fig. 1) [2]. At the top levels of
the HiTOP hierarchy are broad dimensional spectra and superspectra, including an overarching general psychopathology
dimension that reﬂects broad liability to diverse forms of
psychopathology situated lower in the hierarchy. The internalizing
spectrum, for example, encompasses more speciﬁc subfactors
including fear and distress, which, in turn, encompass even
narrower clinical phenotypes (e.g., social anxiety, insomnia).
Researchers are thus able to test relations with neurobiological
mechanisms at multiple levels of the hierarchy in a single study
(Fig. 1). Different biological parameters are likely to confer risk at
different levels, such that parameters linked to higher levels
inﬂuence a wider range of related behaviors than those linked to
lower levels. This kind of differential pattern has now been
observed in a number of MRI studies e.g., refs. [3, 4]. To describe
one example, a study of cerebral blood ﬂow in over 1000 youth
found that the general factor of psychopathology was associated
with elevated perfusion in the anterior cingulate and several other
brain regions, whereas subdimensions of fear and psychosis were
uniquely related to lower perfusion in the insula and fusiform
gyrus, respectively [4].
The HiTOP model provides clinical phenotypes considerably
more informative for neuroscience research generally, and for
research on potential pharmacological treatments speciﬁcally,
than current categorical diagnostic systems [2]. HiTOP addresses
diagnostic comorbidity by directly modeling which aspects of
psychopathology systematically co-occur. It addresses heterogeneity through its hierarchical structure, with broad dimensions at
higher levels subdivided into narrower subdimensions at lower
levels. Symptoms are organized empirically, such that closely
correlated symptoms are assigned to the same dimension and
unrelated symptoms to different dimensions. These features,
along with the use of dimensions in place of categories, foster
increased reliability and precision of measurement. Not surprisingly, therefore, neuroscience research using dimensional constructs consistent with HiTOP is beginning to provide results that
appear stronger and more replicable than results from research on
categorical diagnoses. For example, meta-analysis identiﬁed
disruption in fronto-amygdala connectivity as a transdiagnostic
neural signature of internalizing psychopathology [5], and a
transdiagnostic study of psychotic disorders found that symptom
dimensions predict biological differences twice as well as
diagnoses do [6]. Much of this research uses dimensional
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Fig. 1 Using the Hierarchical Taxonomy of Psychopathology (HiTOP) in clinical neuroscience. Recent efforts by an international consortium
of researchers have led to HiTOP, a consensual dimensional system (https://medicine.stonybrookmedicine.edu/HITOP/). Step 1 depicts a
simpliﬁed schematic of the HiTOP working model, from which clinical phenotypes should be selected for study. (HiTOP is a work in progress
and will be updated on the basis of new data. Dashed lines indicate provisional elements requiring more study.) Step 2 depicts a sampling
design appropriate for HiTOP-based research, which involves sampling from unselected patient populations or the general population, rather
than a case-control design, although researchers may wish to oversample participants manifesting or at high risk for the problems of interest.
Step 3 depicts testing associations between HiTOP phenotypes and neurobiological variables, ideally examining constructs at multiple levels
of the hierarchy, examining constructs from multiple spectra to assess discriminant validity, and using latent variable modeling.

measures that predate HiTOP, but HiTOP provides the integrative
framework that describes their relation to other forms of
psychopathology. Although the majority of this research to date
has been carried out without a pharmacological component,
clinical pharmacological research stands to beneﬁt similarly
from HiTOP.
In the absence of a guiding nosological model, progress in
clinical neuroscience will be difﬁcult. Prior to the development of
HiTOP, there was no model capable of organizing the full range of
dimensional, transdiagnostic phenotypes based on the covariation
of clinical signs, symptoms, and diagnoses. HiTOP provides a
framework for linking clinical phenotypes with measures of
neurobiological systems, allowing integration of the various
constructs targeted by NIH initiatives. We recommend, therefore,
that clinical neuroscientists familiarize themselves with HiTOP and
plan studies that incorporate measures of constructs appearing
within it, preferably assessing multiple HiTOP spectra in order to
investigate discriminant validity. When possible, they should also

use measures that capture lower as well as higher levels of the
hierarchy, potentially using self-report as well as interview-based
measures. Clinical neuroscience studies should avoid case-control
designs based on categorical diagnoses (in which the differences
between cases and controls on the dimensions of interest are
confounded by many extraneous factors) and focus instead on
sampling from unselected patient populations or the general
population, potentially oversampling participants in the range of
high risk on the dimensions of interest. In addition to facilitating
study design, HiTOP will also aid development of hypotheses and
interpretation of results because it facilitates synthesis of existing
research in clinical neuroscience by showing which clinical
constructs cohere in empirically validated dimensions, thereby
often allowing integrative inferences across studies that used
different measures and constructs. In sum, HiTOP is poised to
accelerate progress in clinical neuroscience, providing a bridge
between basic neuroscience research and clinically-relevant
dimensions of psychopathology.
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