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There is an ongoing revolution in psychology and psychiatry that will likely change how we conceptualize, study and treat psychological problems.
Many theorists now support viewing psychopathology as consisting of continuous dimensions rather than discrete diagnostic categories. Indeed,
recent papers have proposed comprehensive taxonomies of psychopathology dimensions to replace the DSM and ICD taxonomies of categories.
The proposed dimensional taxonomies, which portray psychopathology as hierarchically organized correlated dimensions, are now well sup-
ported at phenotypic levels. Multiple studies show that both a general factor of psychopathology at the top of the hierarchy and specific fac-
tors at lower levels predict different functional outcomes. Our analyses of data on a large representative sample of child and adolescent twins
suggested the causal hypothesis that phenotypic correlations among dimensions of psychopathology are the result of many familial influences
being pleiotropic. That is, most genetic variants and shared environmental factors are hypothesized to non-specifically influence risk for multi-
ple rather than individual dimensions of psychopathology. In contrast, person-specific experiences tend to be related to individual dimensions.
This hierarchical causal hypothesis has been supported by both large-scale family and molecular genetic studies. Current research focuses on
three issues. First, the field has not settled on a preferred statistical model for studying the hierarchy of causes and phenotypes. Second, in spite
of encouraging progress, the neurobiological correlates of the hierarchy of dimensions of psychopathology are only partially described. Third,
although there are potentially important clinical implications of the hierarchical model, insufficient research has been conducted to date to rec-
ommend evidence-based clinical practices.
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Although the dominant view in psy-
chiatry and psychology conceptualizes
psychopathology as consisting of discrete
diagnostic categories of mental disorders,
some scholars have argued since at least
the 1960s that psychopathology is better
conceptualized as consisting of continu-
ous dimensions of maladaptive behaviors,
emotions and cognitions'*. More recently,
a cross-disciplinary movement has force-
fully argued for abandoning categorical
diagnoses and replacing them with an en-
tirely dimensional taxonomy of psychopa-
thology”®.

This international movement is fueled
by three key issues. First, there are inher-
ent advantages to dimensional measures
of psychopathology that make them both
more reliable and more valid®*'. Second,
an important tenet of the movement is
that all dimensions of psychopathology
are positively correlated to varying de-
grees, and that the patterns of correlations
are as important as the dimensions them-
selves'*'*. Third, there is no empirical jus-
tification for not including all symptoms of
both previously distinguished clinical and
personality disorders in the same dimen-

sional taxonomy®'®.
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The proposed hierarchical taxonomies
of phenotypic dimensions of psychopa-
thology have garnered considerable em-
pirical support, but our understanding
of these dimensions at this time requires
extrapolation from limited evidence. In
particular, we are hampered by the cur-
rent absence of a comprehensive dimen-
sional measure of psychopathology that
includes all symptoms. This makes efforts
to develop such a measure a top priority;
we cannot comprehensively define the
dimensions of psychopathology until we
can study all of the symptoms that define
the universe of psychopathology at the
same time and in the same way.

DIFFERENCES AMONG
STATISTICAL MODELS
OF THE HIERARCHY OF
PSYCHOPATHOLOGY
DIMENSIONS

Several theorists have argued that the
patterns of correlations among the first-or-
der dimensions of psychopathology (e.g.,
generalized anxiety, depression) can be
organized into a hierarchy®'*'°. In mean-

ingfully different ways, these theorists
have posited that the hierarchy consists of
abroad general factor of psychopathology
that reflects positive correlations among
all symptoms - also referred to as the p
factor - and two or more specific factors
of psychopathology (e.g., internalizing, ex-
ternalizing)®'*'%%,

There are similarities among the several
proposed hierarchical taxonomies, but an
important unresolved issue concerns the
statistical models used by different theo-
rists. Some authors have used a simple se-
ries of exploratory principal component or
factor analyses in which increasing num-
bers of factors are specified in each analy-
sis. That is, one factor is extracted in the first
analysis (i.e., the general factor), two factors
in the second analysis (e.g., internalizing
and externalizing factors), and so on until
the largest number of specific factors that
the data will justify have been extracted.
These successive factor analyses describe a
hierarchy from more general to more spe-
cific dimensions?, but they do not consti-
tute or imply a specific and comprehensive
statistical model of the hierarchy.

Other theorists have used second-order
models to describe the hierarchy of di-
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mensions of psychopathology®'. In these
models, every symptom (or first-order
dimension of symptoms) loads on one of
several correlated lower-order factors and
these lower-order factors load, in turn, on
a second-order general factor (Figure 1).
This operationalizes the hierarchy in a sin-
gle integrated model, but the general factor
and the lower-order factors are not statis-
tically independent, making their unique
correlates impossible to parse.

The bifactor model**** defines the hier-
archy of general and specific dimensions
of psychopathology proposed by Lahey
et al'**®'7 and Caspi et al'**°. In a bifactor
model (Figure 1), each symptom (or first-
order dimension of symptoms) loads both
on the general factor and on one (and only
one) of some specific factors. Thus, the
general factor is defined by residual corre-
lations among all items when accounting
for the correlations among items that load
on each specific factor. Conversely, the
specific factors are defined solely by resid-
ual correlations among symptoms within
each domain when accounting for the cor-
relations that define the general factor™>*,

Bifactor model

Second-order model

On the surface, bifactor and second-
order factor models are similar in defining
general and specific factors of psychopa-
thology, but they actually differ in impor-
tant ways>. Tests of associations of factor
scores with external variables - such as
clinical outcomes, risk factors and neurobi-
ological variations - of the two models are
necessarily different in form and meaning.

In bifactor models, all of the general
and specific factors are orthogonal, mean-
ing that they are not correlated with one
another. Thus, using a bifactor model, one
can regress an independently defined and
measured external variable on all of the
general and specific factors simultaneous-
ly to determine if each of these factors ac-
counts for unique variance in that variable.

In contrast, the factors in second-order
models are not statistically independent.
Although one can regress an external vari-
able on the general factor, the lower-order
factors cannot be included in the same re-
gression model, because the general factor
is defined by their loadings. Conversely, one
can regress an external variable on lower-
order factors, but the general factor cannot

General

Figure 1 Illustrations of the different structure of bifactor and second-order models for defining
general and specific factors of psychopathology. INT - internalizing, ADHD - attention-deficit/
hyperactivity disorder, EXT - externalizing, S - symptom (or first-order dimension of symptoms)
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be included because it is not independent
of them. That is, the lower-order and gener-
al factors are perfectly collinear in second-
order models. This means that determining
the unique correlates of the lower-level fac-
tors when controlling for the general factor
is impossible. This limits the use of second-
order models in attempting to discover the
unique causes and mechanisms of each
general and specific factor. Even if the gen-
eral factor were included in predictive mod-
els with only one specific factor at a time,
thereby avoiding the perfect collinearity, the
results would be uninterpretable, because
the lower-order factors are part of the very
definition of the general factor.

In contrast to the above issues with the
second-order models, the bifactor model
is optimal for testing unique effects simul-
taneously, because all of the general and
specific factors are orthogonal.

There are both similarities and differ-
ences among the factors defined in bifactor
and second-order models. The general fac-
tors defined in bifactor and second-order
models are actually very highly correlated
and, for some purposes, can be used inter-
changeably®®. In contrast, the specific fac-
tors defined in these two statistical models
are quite different and only moderately cor-
related®. For instance, in one study of adults
testing the bifactor model, first-order di-
mensions capturing all types of phobias had
lower loadings on the general factor than
the first-order dimensions of generalized
anxiety and depression®®. This means that
the specific internalizing factor in a bifactor
model reflects fears more, and generalized
anxiety and depression less, than the inter-
nalizing factor in a second-order model.

CONCERNS ABOUT BIFACTOR
MODELS

The discriminant validity of general
and specific factors of psychopathology
using bifactor models has been support-
ed in several studies with large samples.
These studies have shown that, over and
above the prediction from specific factors
such as externalizing and internalizing,
the general factor of psychopathology pre-
dicts independently measured adverse
functional outcomes, such as psychoac-
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tive drug prescriptions, incarceration, poor
academic progress, suicidal behavior, and
self-harm®>'.,

Nonetheless, the use of bifactor models
in hierarchical approaches to psychopa-
thology has been controversial. Some of the
controversy stems from the fact that fit in-
dices sometimes favor bifactor models over
second-order models when they conceptu-
ally should not’2. This is a valid concern, but
not a telling issue. One should not choose
among well-fitting but substantively dif-
ferent statistical models only on the basis
of the model fit in any case. Rather, one
should choose among well-fitting models
on the basis of their validity and utility*.

A second concern raised about bifac-
tor models focuses on the replicability of
the specific factors in those models. The H
index uses cross-sectional data to estimate
how replicable a latent factor may be. One
study raised a concern about bifactor mod-
els by reporting adequate H for the general
and externalizing factors, but unaccepta-
ble H values for the internalizing factor™.
However, other studies using stronger sam-
ples and measures have reported accept-
able H values for both the general and all
specific factors in bifactor models®"*>*,

Moreover, rather than trying to estimate
the replicability of the general and specific
factors of psychopathology from a single
analysis of cross-sectional data, it is far
more informative to conduct longitudinal
studies in which these factors are inde-
pendently estimated in the same persons.
When this has been done, both general
and specific factors of psychopathology
defined in bifactor models have proven
to be replicable in the same persons over
multiple years***°. Thus, although esti-
mates of the replicability of specific fac-
tors as indexed by H in single assessments
warrant attention, there is strong evidence
from longitudinal studies that all factors of
psychopathology are replicable over time.

CAUSAL VS. PHENOTYPIC
HIERARCHICAL MODELS

It is important to note that the hierar-
chical taxonomies of psychopathology
that have been proposed to date all nec-
essarily include a descriptive model of
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dimensional phenotypes. The most exten-
sive hierarchical phenotypic model has
been offered by the group operating un-
der the name of Hierarchical Taxonomy of
Psychopathology (HiTOP)*'®. The HiTOP
has advanced a comprehensive taxonomy
based on the existing empirical literature
on phenotypic structure and advocated
for the utility of applying such a model to
psychopathology in both research and
clinical practice.

We have offered a complementary ap-
proach that addresses both the hierarchy
of phenotypes and the causes that create
the hierarchy of phenotypes'*. In one of our
studies, we collected data on psychopa-
thology dimensions from a large and rep-
resentative sample of child and adolescent
twins'”. Based on differences in correla-
tions among these phenotypic dimensions
in monozygotic and dizygotic twin pairs,
genetic and environmental correlations
among the phenotypic dimensions were
estimated and then each analyzed in bi-
factor models. The results suggested the
causal hypothesis that phenotypic corre-
lations among all dimensions of psycho-
pathology captured by the general factor
are largely the result of the same familial
factors. That is, many genetic variants and
environmental factors shared by family
members appear to non-specifically influ-
ence risk for manifesting psychopathology
of some sort, but not specific dimensions
of psychopathology. On the contrary, other
genetic and environmental influences, par-
ticularly person-specific experiences, play
the largest role in determining the specific
dimensions of psychopathology that will be
exhibited'”.

Thus, we hypothesized a hierarchy of
causal influences, from the most non-spe-
cific to the most specific, that gives rise to
the hierarchy of phenotypes'*. This hypoth-
esized hierarchy of genetic and environ-
mental influences has been confirmed in a
large sample of siblings in Sweden’. More-
over, molecular genetic research has sup-
ported the hypothesis that the hierarchy of
correlated phenotypes results partly from
highly pleiotropic genetic variants that non-
specifically increase the risk for many or all
forms of psychopathology* ™.

Members of the HiTOP group have re-
cently proposed that their hierarchical, di-

mensional and data-driven classification
system provides a more effective approach
to identifying genes that underlie mental
disorders, and to studying psychiatric eti-
ology, than current diagnostic categories.
Specifically, genes are expected to oper-
ate at different levels of the HiTOP hierar-
chy, with some highly pleiotropic genes
influencing higher-order psychopathol-
ogy (e.g., the general factor), whereas other
genes confer more specific risk for individ-
ual spectra (e.g., internalizing), sub-factors
(e.g., fear disorders), or narrow symptoms
(e.g., mood instability)*.

We strongly agree that this is the hypoth-
esis that we should be testing. Indeed, this
hypothesis has already received consider-
able empirical support. We would only add
that family level environmental influences
may also be highly non-specific, while per-
son-specific experiences more likely play a
role in determining which specific symp-
toms a person exhibits at each point in time.
We note in this context that the bifactor
model is optimized to test such general ver-
sus specific hypotheses, whereas second-
order models are not.

NATURE OF GENERAL AND
SPECIFIC FACTORS DEFINED IN
BIFACTOR MODELS

A great deal has been learned in a short
amount of time about the nature of the hy-
pothesized general and specific factors of
psychopathology from the bifactor model.
Here we focus on several issues, including
the stability of the hierarchy of factors of
psychopathology over time, the correlated
psychobiological processes, and the neu-
robiological mechanisms.

Stability over time

To what extent do persons’ scores on
the general and specific factors of psycho-
pathology change or remain the same?
Across 1-2 years in childhood and ado-
lescence, several studies have found that
each general and specific factor of psy-
chopathology significantly predicted itself
primarily or exclusively in the next assess-
ment, revealing moderate to strong stabil-
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ity over time®**%%,

In a study of a representative sample of
43,000 adults, the general and all specific
factors of psychopathology predicted only
themselves over 3 years, with the excep-
tion of a specific distress factor defined by
major depression, dysthymia, and gen-
eralized anxiety disorder®. In contrast,
a study of 499 persons assessed in child-
hood or adolescence and then evaluated
again 12 years later in adulthood found
that general factor scores were signifi-
cantly stable over time, but specific inter-
nalizing and externalizing factors were not
stable over this long interval®.

More needs to be learned, but it appears
that all factors of psychopathology defined
in bifactor models are stable over time dur-
ing childhood and adolescence, but some
of the specific factors may be less stable
during adulthood or from adolescence
into adulthood.

Correlated psychobiological
processes

What is the nature of the general factor
in psychological and biological terms? Be-
cause the general factor is simply a statis-
tical construct, it is very important for us
to understand the processes that it reflects
to gain the greatest theoretical leverage on
psychopathology. A growing amount of
replicated data already reveals something
of the psychobiological nature of the gen-
eral factor defined in bifactor models.

Negative emotionality

Itiswell known thatindividual differenc-
es in negative emotionality (neuroticism)
are robustly and positively associated with
every form of psychopathology®. Thus, it
is not surprising that multiple studies have
found negative emotionality to be associ-
ated with the general factor defined in bi-
factor models®****".

In nearly all of these studies, the mea-
sure of negative emotionality was also
significantly associated with specific inter-
nalizing psychopathology. In one study,
it was also associated with externalizing
psychopathology®’. Thus, the individual
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differences in the experience of negative
emotions captured by measures of nega-
tive emotionality appear to be at the heart
of the general factor, but are also related
to more specific dimensions of psychopa-
thology.

Cognitive abilities, including executive
functions

A number of studies have also consist-
ently reported significant associations of the
general factor of psychopathology with both
intelligence'® and global and specific mea-
sures of the executive functions'*****, The
term executive functions refers to a related
set of highly heritable cognitive processes
that are believed to regulate attention and
foster adaptive goal-directed behavior™.
Much remains to be learned, but it is pos-
sible that deficits in executive functions are
one of the psychobiological processes that
underlie the general factor of psychopathol-
ogy”.

It is important to note that both twin
and molecular genetic studies suggest that
the general factor of psychopathology is
moderately heritable®*®!. Furthermore,
two twin studies have determined that both
measures of negative emotionality’” and
of executive functions® share their genetic
influences with the general factor of psy-
chopathology in children and adolescents.
These findings strengthen the view that
high negative emotionality and deficits in
executive functions are at least part of what
constitutes the non-specific tendency to
develop psychopathology that is captured
by the general factor.

Impulsive responsivity to positive and
negative emotions

Johnson et al®® have argued that impul-
sive responding to both positive and nega-
tive emotions is a key factor underlying all
dimensions of psychopathology through
the general factor’’. Thus, they posit that it
is the cognitive control of emotion that is
important, and argue that deficits in con-
trolling both negative emotions and exu-
berant positive emotions are involved in
psychopathology.

We recently used data from the large
Adolescent Brain Cognitive Development
(ABCD) Study to examine associations be-
tween the general factor of psychopathol-
ogy in children and self-report measures
of dispositions, including the positive
urgency and negative urgency scales of a
short form of the UPPS impulsivity mea-
sure’®. Consistent with the above hypoth-
esis, these scales, which tap impulsive
responding to positive and negative emo-
tions, were both positively associated with
the general factor of psychopathology de-
fined in a bifactor model™.

Disordered thinking

Caspi and Moffitt'® have added another
hypothesis regarding the underlying psy-
chobiological nature of the general factor
of psychopathology. They suggest that
the general factor is partly the result of
disordered thought processes common
to essentially all dimensions of psychopa-
thology.

They defined disordered thought as
“thought processes [that] are illogical, unfil-
tered, tangential, and reality-distorted and
-distorting”"®. This refers broadly to the al-
tered cognitions revealed in difficulty mak-
ing decisions, misattributions, body image
disturbances, irrational fears, dissociative
states, depersonalization and derealiza-
tion, beliefs that there will be terrible con-
sequences if a logically unrelated action is
not performed, and delusions and halluci-
nations.

This new hypothesis is cogent, plausible
and intriguing. One difficulty is that reli-
able and valid measures of the full breadth
of disordered cognition referred to by Caspi
and Moffitt do not exist at this time. This
means that only piecemeal tests of their hy-
pothesis are currently possible.

Neurobiological mechanisms

We have only begun to map the biologi-
cal correlates of the general and specific
factors of psychopathology defined in bi-
factor models. This research is vitally im-
portant to understand the mechanisms
that link causes and symptoms and, fortu-
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nately, is continuing at a rapid pace™.

A recent review of this research litera-
ture stated that the general factor “has been
associated with a number of neurobiologi-
cal measures in youths, including reduced
gray matter volume®®', reduced activity in
executive regions®, elevated resting-state
cerebral blood flow®®, reduced fractional
anisotropy®, and delay in connectome dis-
tinctiveness”*%,

Replications of some findings have al-
ready been published, including associa-
tions between the general factor of psycho-
pathology and atypical white matter devel-
0pment67'69, atypicalities in the cerebellum
and its connections’® ", and lack of typical
segregation between the default mode and
executive networks during rest”>. Thus, we
may not be far from an understanding of at
least some of the neurobiological mecha-
nisms related to the general factor of psy-
chopathology.

CLINICAL IMPLICATIONS

There are several ways in which hierar-
chical dimensional models of psychopa-
thology are important in clinical settings.
The most immediate implication of these
models is a change in how we conceptu-
alize psychopathology. There is a continu-
ous relationship between dimensions of
symptoms and adverse outcomes. This re-
lationship between gradually more symp-
toms and greater impairment begins well
below diagnostic thresholds, which argues
against limiting care to only those who
meet binary diagnostic thresholds”* ™,
Similarly, the extensive changes in symp-
toms over time - heterotypic continuity
- refutes the view of mental disorders as
enduring discrete conditions™.

Furthermore, the robust correlations
among dimensions of psychopathology
tell us that meeting diagnostic criteria for a
categorical diagnosis does not imply that a
person has a distinct mental disorder. The
ubiquitous correlations among symptoms
and dimensions mean that people do not
fit neatly into diagnostic categories. Peo-
ple exhibit widely varying patchworks of
symptoms from multiple dimensions, even
if they meet criteria for a single diagnosis.

In considering the implications of the
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hierarchical taxonomy of psychopathology
for clinical practice, it is essential to under-
stand that the general factor of psycho-
pathology is not being proposed as a new
“kind” of psychopathology. It is certainly
not being proposed as the basis for a new
diagnosis. Nonetheless, bifactor models
that include a general factor do give us an
opportunity to view dimensions of psycho-
pathology through a newlens.

In simple terms, the general factor re-
flects a “weighted average” of some aspects
of all symptoms exhibited by each person at
that point in time. Symptoms that are more
correlated with all other symptoms - con-
trolling for correlations among symptoms
captured by more specific second-order
factors, such as internalizing or externaliz-
ing - contribute more to the general factor
score. Conversely, specific factor scores,
such as internalizing, reflect only the re-
sidual correlations among just a subset of
symptoms after controlling for the wide-
spread correlations among all symptoms.

The general factor score may prove to
have particular value in improving prog-
nosis in clinical practice and in targeted
prevention programs. Although much
remains to be learned, it appears that
youth with higher general factor scores
experience greater serious functional im-
pairment over time, independent of the
specific symptoms they exhibit. As noted
above, this includes greater risk for incar-
ceration, suicidal behavior, and non-sui-
cidal self-harm*”>!,

The difficulty is that there currently is
no comprehensive standard measure of
the general and specific factors of psycho-
pathology that is ready for clinical use to
improve prognosis. One group has used
a large set of psychopathology items ad-
ministered to a large sample of children
and adolescents to develop a computer-
administered measure of general and spe-
cific factors of psychopathology that may
eventually be useful in clinical settings®.
The psychometric properties of this mea-
sure are encouraging, but it has not been
replicated and validated enough to be
ready for clinical application.

These replications and tests would need
to be conducted in large samples repre-
senting a variety of geographic locations,
cultures and languages before they can be

widely usable. Such measures may not be
available in the near future, which means
that no evidence-based practices can be
recommended even for improving prog-
nosis. On a commonsense basis, it seems
reasonable for clinicians to suspect that
persons with simply more symptoms from
across multiple domains are at higher risk
for serious adverse outcomes. However,
we do not have enough evidence at this
point to be confident in that practice.

The hierarchical model is likely to play
an important role in treatment research. At
least one clinical research study used the
hierarchical taxonomy of psychopathol-
ogy to measure changes associated with
randomly assigned interventions to better
understand the general and specific effects
of treatment®. Other researchers are de-
veloping and testing new treatment meth-
ods that are designed to remediate the
processes, e.g. negative emotionality, that
all dimensions of psychopathology appear
to share®®, Tests of these new treatments
may not only lead to better treatments with
more widespread benefits, but will help us
understand what underlies the general
and specific factors of psychopathology.
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