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Abstract

We propose a taxonomy of psychopathology based on patterns of shared causal influences
identified in a review of multivariate behavior genetic studies that distinguish genetic and
environmental influences that are either common to multiple dimensions of psychopathology or
unique to each dimension. At the phenotypic level, first-order dimensions are defined by
correlations among symptoms; correlations among first-order dimensions similarly define higher-
order domains (e.g., internalizing or externalizing psychopathology). We hypothesize that the
robust phenotypic correlations among first-order dimensions reflect a hierarchy of increasingly
specific etiologic influences. Some nonspecific etiologic factors increase risk for all first-order
dimensions of psychopathology to varying degrees through a general factor of psychopathology.
Other nonspecific etiologic factors increase risk only for all first-order dimensions within a more
specific higher-order domain. Furthermore, each first-order dimension has its own unique causal
influences. Genetic and environmental influences common to family members tend to be
nonspecific, whereas environmental influences unique to each individual are more dimension-
specific. We posit that these causal influences on psychopathology are moderated by sex and
developmental processes. This causal taxonomy also provides a novel framework for
understanding the Aeterogeneity of each first-order dimension: Different persons exhibiting similar
symptoms may be influenced by different combinations of etiologic influences from each of the
three levels of the etiologic hierarchy. Furthermore, we relate the proposed causal taxonomy to
transdimensional psychobiological processes, which also impact the heterogeneity of each
psychopathology dimension. This causal taxonomy implies the need for changes in strategies for
studying the etiology, psychobiology, prevention, and treatment of psychopathology.
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Research on psychopathology has many goals, but the identification of its causes is one of
the most important. Knowledge of the causes of psychopathology will greatly improve our
chances of effectively ameliorating and preventing the suffering and functional impairment
associated with it. Psychopathology research is now moving from a long phase of
documenting correlations between psychopathology and variables that might be causes to
studies that use experimental and quasi-experimental designs to conduct informative tests of
causal hypotheses (Jaffee & Price, 2012; Jaffee, Strait, & Odgers, 2012; Lahey & D’Onofrio,
2010; Rutter, 2007b). The goal of this paper is to facilitate studies of the genetic and
environmental etiology of psychopathology by providing an organizational framework in the
form of a causal taxonomy of psychopathology in children, adolescents, and adults.

The purpose of any taxonomy is to organize disparate elements according to their common
and varying properties to reveal higher-order relations among them. The taxonomies of
organisms proposed by Aristotle (384-322 BCE), Pliny the Elder (23-79 CE), and Carl
Linnaeus (1707-1778) organized living things according to a hierarchy of similarities in
their physical characteristics that ranged from more specific (e.g., species) to more general
(e.g., taxa). Without the heuristic of the Linnaean taxonomy, which placed humans with
other primates based on physical similarities, Darwin’s subsequent articulation of the theory
of natural selection may have been far more difficult, if not impossible (Hernadi, 1981).

The taxonomies of psychopathology that currently dominate research and clinical practice
are phenomenologic. That is, they are based on observations—both formal and informal—
that some symptoms co-occur more often than other symptoms (Quay, 1986). Herein, we
propose a causal taxonomy of psychopathology based on a systematic review of the
literatures (see online Supplement 1 for a description of the review process) on both: (1)
correlations among observed measures of psychopathology within individuals in the
population (i.e., phenotypic correlations), and (2) correlations among inferred genetic and
environmental influences on psychopathology. The causal influences referred to in this paper
are inferred using a variety of methods, particularly multivariate behavior genetic analyses
of twin and other family data that can parse phenotypic correlations into genetic and
environmental influences (Neale & Cardon, 1992).

Our central hypothesis is that the primary reason that phenotypic dimensions are correlated
Is that they have shared causes—and shared causes are the basis for a causal taxonomy. At
this point in the development of the causal taxonomy, we are agnostic about the specific
mechanism(s) through which causal influences are shared. There are at least three ways in
which such sharing could occur. First, a causal influence (e.g., a set of genetic variants or an
experience) may directly influence multiple dimensions of psychopathology in nonspecific
(i.e., pleiotropic i) ways. As we describe below, this may be mediated by a transdiagnostic

IWe use the term pleiotropy broadly in this paper to refer to genetic and environmental factors that nonspecifically influence more than
one dimension of psychopathology.
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psychobiological process (e.g., responsiveness to reward) that is related to multiple
dimensions of psychopathology. Second, a causal influence could influence one symptom
(or dimension of symptoms), which could then increase risk for another symptom (e.g.,
insomnia may cause anergia) (Borshoom & Cramer, 2013; Fergusson, Boden, & Horwood,
2011; Hofmann, Curtiss, & McNally, 2016), indirectly resulting in the same etiologic factor
influencing both symptoms. These two pathways of shared causal influences may prove
difficult to resolve, but ultimately both can and should be incorporated in any causal
taxonomy. Third, causal influences may themselves be correlated, but not linked to different
dimensions of psychopathology through the same causal pathway. This could happen, for
example, if two genetic variants are in linkage disequilibrium (i.e., correlated in the genome)
and related to different dimensions of psychopathology through independent causal
processes. Whereas the first two causal pathways can be easily incorporated in a causal
taxonomy, the third complicates it. Two correlated causal factors that operate independently
would give the appearance of shared causation when it does not exist. Thus, future efforts
will need to determine the extent to which each pattern occurs.

We propose a causal taxonomy that is Aierarchical in the sense that it organizes
psychopathology from specific symptoms to first-order dimensions of those symptoms to
higher-order domains that are defined by correlations among first-order dimensions—and
their inferred causes (Krueger & Piasecki, 2002). The proposed taxonomy is relatively
comprehensive in the sense that it addresses a broad range of psychopathology across the
life span. Most of the existing data reviewed in this paper are on relatively common forms of
psychopathology, but there are now sufficient data on autism spectrum disorder, mania, and
schizophrenia to offer new hypotheses on their relationship to the taxonomy. To limit the
scope of this initial taxonomy, however, we do not address personality disorders. Instead, we
provide a brief review of the small relevant literature on personality disorders in Supplement
2 and suggest a framework for their necessary integration into future expanded causal
taxonomies.

It is important to distinguish the goals of a causal taxonomy of psychopathology from those
of causal models. A causal taxonomy organizes dimensions of psychopathology according to
what is known or hypothesized about their shared and unique causes. In contrast, a causal
model offers more detailed hypotheses regarding the specific shared and unique causal
pathways and mechanisms that give rise to psychopathology. At this stage in the science, a
causal taxonomy is the more attainable goal; once attained, a causal taxonomy should
substantially facilitate proposing and testing causal models.

NATURE OF DEVELOPING PSYCHOPATHOLOGY

We use the classic psychological definition of psychopathology as any pattern of behavior—
broadly defined to include actions, emotions, motivations, and cognitive and regulatory
processes—that causes personal distress or impairs significant life functions, such as social
relationships, education, work, and health maintenance (Bandura, 1969; Ullmann & Krasner,
1975).1

Psychol Bull. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lahey et al.

Page 4

Dimensions and Categories of Psychopathology

Practitioners and scientists have long created taxonomies of psychological dysfunction to
organize observations and to generalize what was learned about one person to other persons
with similar problems. The first taxonomies treated psychopathology as mutually exclusive
nominal conditions (Kraepelin, 1919, 1921). This view provides the basis for the various
versions of the Diagnostic and Statistical Manual and International Classification of
Diseases. It is now clear, however, that at least the most prevalent forms of psychopathology
can be understood as dimensional phenomena (Broman-Fulks et al., 2006; Crome, Baillie,
Slade, & Ruscio, 2010; Hankin, Fraley, Lahey, & Waldman, 2005; Haslam et al., 2006;
Krueger et al., 2004; Markon & Krueger, 2005; Pickles & Angold, 2003; Prisciandaro &
Roberts, 2009; Van Os, Verdoux, Bijl, & Ravelli, 1999). Nonetheless, even if all forms of
psychopathology prove to be inherently continuous, the causal taxonomy presented here is
still relevant to categorical diagnoses (Pickles & Angold, 2003). Diagnoses can be viewed as
pragmatic dichotomizations of continuous underlying dimensions when binary decisions
must be made, as when clinicians must make the binary choice to treat or not treat
(Kamphuis & Noordhof, 2009; Lahey, Applegate, Barkley, et al., 1994; Lahey, Applegate,
McBurnett, et al., 1994). Thus, attempts have been made to select diagnostic thresholds for
dichotomizing each dimension of psychopathology based on their relative levels of distress
and functional impairment (Lahey, Applegate, Barkley, et al., 1994; Lahey, Applegate,
McBurnett, et al., 1994). This allows one to attempt, within the limits imposed by existing
knowledge (Rapee, Bogels, van der Sluis, Craske, & Ollendick, 2012), to select diagnostic
thresholds at the point on each continuum above which the risks inherent in labeling and
treating are less than the risks inherent in not labeling and treating (Kamphuis & Noordhof,
2009). Such dichotomization may come at the cost of decreased reliability, however
(Fergusson & Horwood, 1995; Markon, Chmielewski, & Miller, 2011).

Structure of the Present Review

The most basic empirical basis for a causal taxonomy is the structure of cross-sectional
phenotypic correlations. (a) among the symptoms that define each first-order dimension of
psychopathology, (b) among first-order dimensions of psychopathology that define higher-
order domains of psychopathology, and (c) among the higher-order domains. We briefly
summarize these well-known patterns of cross-sectional correlations in this paper (and
provide detailed reviews of this literature and the related literature on the criterion validity of
first-order dimensions of psychopathology in Supplement 3). We then review the growing
evidence that a hierarchical phenotypic model of the structure of psychopathology that
includes a general factor, on which every first-order dimension loads, fits the data better—
and provide more interpretive leverage—than models specifying only more specific higher-
order (e.g., internalizing and externalizing) factors of psychopathology (Caspi et al., 2014;
Lahey et al., 2012; Lahey et al., 2015). We next move from cross-sectional studies to
longitudinal evidence on the correlational structure of dimensions of psychopathology over
time. We examine the extent to which each first-order dimension measured at some time t
predicts both itself and other dimensions of psychopathology at some future time t+1 (i.e.,

iiBandura specifically acknowledged that the judgement of maladaptiveness is a social construction that carries inherent risks of
misapplication that must be assiduously guarded against.
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homotypic and heterotypic continuity, respectively). The observed patterns of cross-sectional
and longitudinal phenotypic correlations among first-order dimensions of psychopathology
(Angold, Costello, & Erkanli, 1999; Clark, Watson, & Reynolds, 1995) imply that some
hypotheses regarding the causal influences that give rise to these correlations are more likely
to be empirically supported than others. We then discuss evidence from behavior genetic and
molecular genetic studies that allow inferences regarding the structure of genetic and
environmental influences on psychopathology.

To facilitate communication, we employ commonly used terms in this paper. The downside
of this choice is that the denotative and connotative meanings of these terms may
communicate unintended propositions. For example, we use the terms “symptom” and
“psychopathology” in a descriptive spirit and explicitly reject the medical-model
implications of those terms (Bandura, 1969). Similarly, we use the terms, “internalizing” and
“externalizing,” descriptively to refer to relatively specific higher-order factors of symptoms
of depression and anxiety disorders (internalizing) and symptoms of attention-deficit/
hyperactivity disorder (ADHD), oppositional defiant disorder (ODD), and conduct disorder
(CD) in children and adolescents and to antisocial personality disorder (APD) and substance
use disorders in adults (externalizing). We do not imply, however, that internalizing
psychopathology reflects the internalization of psychic conflict or the overcontrol of
emotions or that externalizing psychopathology reflects the acting out of mental conflicts or
the undercontrol of impulses.

Overview of the Proposed Causal Taxonomy

Based on the systematic review of evidence, we state 12 hypotheses that constitute a causal
taxonomy of psychopathology. These hypotheses describe a Aierarchy of causal influences.
Some genetic and environmental influences nonspecifically increase risk for all common
first-order dimensions of psychopathology to varying degrees, other pleiotropic causal
factors influence multiple dimensions only within more specific higher-order domains of
psychopathology, and other casual influences are specific to each first-order dimension of
psychopathology, or perhaps even to fine-grain subsets of symptoms.

The hypotheses that constitute the causal taxonomy have clear implications for
understanding both the causes and the mechanisms underlying psychopathology. We
hypothesize that the genetic and environmental influences on psychopathology operate
through a number of psychobiological mechanisms, by which we mean relatively trait-like
processes that can be understood at both psychological and biological levels of analysis.
Most of these are hypothesized to be transdimensional psychobiological mechanisms, in the
sense that individual differences in them operate at the level of higher-order factors,
including the general factor, of psychopathology rather than individual first-order
dimensions. This hypothesis is based on, and is consistent with, decades of research on
relations between dispositional traits and psychopathology (Brooker et al., 2013; Kendler &
Myers, 2010; Krueger, 1999; Krueger & Tackett, 2003; Nigg, 2006; Tackett, 2006; Vasey et
al., 2013; Widiger, 2011), the transdiagnostic approach to psychopathology (Barlow, Sauer-
Zavala, Carl, Bullis, & Ellard, 2014; Nolen-Hoeksema & Watkins, 2011), and is consistent
with key aspects of the Research Domains Criteria (RDoC) initiative of the National
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Institute of Mental Health (Cuthbert & Kozak, 2013; Insel et al., 2010; Sanislow et al.,
2010). We conclude with a discussion of important implications of the proposed causal
taxonomy for the design of future research on etiology, prevention, and treatment.

CORRELATIONAL STRUCTURE OF FIRST-ORDER DIMENSIONS OF
PSYCHOPATHOLOGY

First-order dimensions of psychopathology are defined by correlations among symptoms.
These dimensions can be viewed as latent constructs in which each correlated symptom is
viewed as an exchangeable indicator of the dimension and no single symptom is necessary
to define the dimension. The fundamental questions for research at this level of taxonomy
are which symptoms are correlated and how many relatively distinct first-order dimensions
they define (Waldman, Lilienfeld, & Lahey, 1995). In Supplement 3, we review the
empirical literature on first-order dimensions defined by symptoms in preschool children,
school-age children and adolescents, and adults.

It is central to our thesis that the first-order dimensions defined by correlated DSM-1V
symptoms are themselves correlated (Krueger & Markon, 2006a; Lahey, Rathouz, et al.,
2008). Such correlations typically have been viewed as an inconvenient problem for
categorical taxonomies, which seek to place each person in a single category of mental
disorder that is qualitatively distinct from, and mutually exclusive of, all other mental
disorders. The correlations among diagnoses mean that a person can, and often does, meet
criteria for more than one diagnosis at the same time (Angold et al., 1999; Caron & Rultter,
1991). This extensive “comorbidity” often has been viewed as a sign of the failure of
categorical taxonomies to achieve the Platonic goal of “carving nature at its joints” (Meehl,
2001).

Like others (Angold & Costello, 2009; Angold et al., 1999; Kendler et al., 2011; Lilienfeld,
Waldman, & Israel, 1994), however, we believe that a new Gestalt is needed for the
conceptualization of correlations (comorbidity) among mental disorders and first-order
dimensions of psychopathology. These correlations are not a problem, but a profoundly
important source of information about the nature of psychopathology (Krueger & Markon,
20063, 2006b; Lahey, Van Hulle, Singh, Waldman, & Rathouz, 2011). Comorbidity is the
figure, not the ground. Studying the nature of one dimension or category of psychopathology
at a time, and ignoring the rich information inherent in its correlations with other dimensions
or categories, is limiting in completely unnecessary ways (Lahey & Waldman, 2012).

The extensive research on the correlations among first-order dimensions (and diagnoses) of
psychopathology is summarized in Supplement 3. The results of these studies support two
conclusions:

1 Positive correlations among common forms of psychopathology, whether treated
as dimensions or categories, are ubiguitous. This includes correlations among
dimensions of psychopathology both within and across internalizing and
externalizing domains.
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2. The correlations among the various forms of psychopathology are not uniform in
their magnitudes, but are patterned. That is, some sets of dimensions (or
categories) are consistently more strongly correlated than other sets. To fully
discern the importance of the correlations among dimensions and categories of
psychopathology, it is essential to recognize and model this patterning. The
implications are discussed below in detail, but we present an illustrative example
here. Correlations among latent first-order dimensions of psychopathology based
on DSM-IV symptoms assessed in 2,025 pairs of 6-17 year olds in the
representative Tennessee Twins Study twins (Lahey, Rathouz, et al., 2008) are
shown in Figures 1A (for parent reports) and 1B (for youth self-reports).
Although only correlations r = .40 are shown to simplify the figure, all
dimensions of symptoms were found to be significantly correlated at p < .05 in
this sample with all other dimensions based on both informants. The highest
correlations were among first-order dimensions within the higher-order
internalizing and externalizing dimensions, but there were robust correlations
between first-order dimensions across internalizing and externalizing domains, as
well.

Note that if the correlational structure of dimensions of psychopathology were to vary
substantially across age, sex, and other demographic groups, different causal taxonomies
would be needed for different groups. In contrast, if the same structure emerges across
groups, it would suggest a universal causal taxonomy of psychopathology. A review of the
published literature on the invariance of the correlational structure of first-order dimensions
of psychopathology is presented in Supplement 4, which suggests that the structure is
substantially the same across age, sex, and race-ethnic groups in spite of differences in mean
levels of some dimensions across groups.

Higher-order Factors of Psychopathology

Over 35 years ago, Achenbach made the seminal observation that matrices of the patterned
correlations among symptoms of psychopathology could be subjected to factor analysis to
identify broad Aigher-order dimensions of psychopathology (Achenbach & Edelbrock,
1978). Numerous studies have consistently extracted two higher-order factors, often labeled
internalizing and externalizing, based on the pattern of correlations among first-order
dimensions expressed as loadings on the higher-order factors in children, adolescents, and
adults (Achenbach & Edelbrock, 1978; Blanco et al., 2015; Cosgrove et al., 2011; Kessler,
Petukhova, & Zaslavsky, 2011; Lahey, Rathouz, et al., 2008; Quay, 1986; Slade & Watson,
2006). Other studies have supported somewhat different higher-order factors of
psychopathology. Krueger and Markon (2006a) conducted a meta-analysis of studies
involving a total of 23,000 adults and found that the best-fitting model, which was invariant
in females and males, was a 3-factor model specifying higher-order externalizing, distress,
and fears factors. Thus, in studies of categorical diagnoses in adults, there is support for the
distinction of three higher-order domains.
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Robust Correlations among Higher-order Factors

The cross-sectional studies noted above indicate that at least two higher-order factors
account for much of the patterned correlations among first-order psychopathology
dimensions across the life span. Nonetheless, it is also clear that these higher-order factors
fail to fully account for the phenotypic correlations among first-order dimensions of
psychopathology. This is because the Aigher-order factors are themselves substantially
correlated. In children and adolescents, Lahey et al. (2008) reported that the higher-order
internalizing and externalizing factors were significantly correlated at r = .54, and Krueger &
Markon (2006a) found that higher-order latent internalizing and externalizing factors were
correlated at r = 0.51. When three higher-order factors were extracted in the NESARC
sample of adults, correlations among higher-order latent distress, fears, and externalizing
factors ranged from r = 0.82 for distress and fears to r = 0.59 for externalizing and distress
(Figure 2A) (Lahey et al., 2012).

It may be fair to say that these correlations among higher-order factors of psychopathology
are no longer a surprise to most psychologists. Indeed, as scientific findings go, these
correlations seem be a bit of a yawn at first glance. 7his may explain why their profound
importance has gone unnoticed for so long. Nonetheless, the replicated observation that the
higher-order factors of psychopathology are robustly correlated with one another is central
to the hypotheses developed in this paper regarding the causal taxonomy of
psychopathology.

GENERAL FACTOR OF PSYCHOPATHOLOGY

A central element of the proposed causal taxonomy is the hypothesis that the extensively
replicated pattern of correlations among both first- and higher-order factors of
psychopathology described above reflects a general factor of psychopathology on which
every first-order dimension loads.

Findings on the General Factor Model in Adults

In the large and representative NESARC sample (Lahey et al., 2012), we used a bifactor
model (Holzinger & Swineford, 1937) in CFA to test the hypothesis of general factor
psychopathology. A bifactor model quantifies the extent to which correlations among a set
of dimensions reflect both a general factor on which every dimension loads and some
number of more specific subfactors on which subsets of the same dimensions load. The
more specific subfactors are specified as orthogonal to (i.e., uncorrelated with) the general
factor and reflect correlations among the subsets of dimensions after the correlations among
all dimensions captured by the general factor have been taken into account (Reise, 2012).
Figure 2B illustrates the bifactor model of correlations among diagnoses in the last 12
months in NESARC consisting of a general factor on which all diagnoses loaded and more
specific fears, distress, and externalizing factors. In this bifactor model, the correlations
among the fears, distress, and externalizing factors were constrained to be zero to test the
hypothesis that they were explained by the general factor (Brown, 2006). A model
specifying three correlated higher-order factors of externalizing, fears, and distress plus the
general psychopathology factor (Figure 2B) fit significantly better than the correlated 3-
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factor model in Figure 2A (Lahey et al., 2012). This suggests that the significant loadings of
every first-order dimension on the general factor substantially account for the correlations
among the higher-order externalizing, distress, and fears factors. In interpreting these
findings, it is important to note that the inclusion of a general psychopathology factor in a
bifactor model changes the interpretation of the higher-order fears, distress, and
externalizing factors. They reflect the residual covariation among the diagnoses loading on
each of these factors above and beyond the correlations among all diagnoses captured by the
general factor.

A subsequent study tested the general factor hypothesis in young adults using a partly
different set of mental disorders and somewhat different methods (Caspi et al., 2014). In the
longitudinal Dunedin Study, mental disorders were repeatedly assessed using reliable and
valid measures in a birth cohort of about 1,000 individuals. Symptoms of each disorder in
the past 12 months were assessed across ages 18, 21, 26, 32, and 38 years. Aggregated
counts of symptoms over the repeated assessments were treated as ordinal scales for 10
mental disorders. In addition, fears were quantified by counting the number of diagnoses of
simple phobia, social anxiety disorder, agoraphobia, and panic disorder. Thus, the data used
by Caspi et al. (2014) differed from that used by Lahey et al. (2012) by being averaged over
multiple assessments across early adulthood, including symptoms of serious but low-
prevalence disorders (mania and schizophrenia), and combining fears dimensions into a
single first-order dimension. Caspi and colleagues hypothesized three correlated higher-
order factors of internalizing (MDD, GAD, and fears), externalizing (CD and four
dimensions of substance dependence), and “thought disorder” (mania, schizophrenia, and
OCD), and a general factor specified in a bifactor model. Formal tests of improvement in fit
were not be conducted because their alternative models were not nested, but the fit statistics
suggested that a bifactor model specifying a general factor fit as well or better than a model
specifying three correlated dimensions of psychopathology, but only when mania,
schizophrenia, and OCD loaded only on the general factor and not also on their own higher-
order “thought disorder” factor (Caspi et al., 2014). Thus, the findings of the Caspi et al.
study are generally consistent with those of Lahey et al. (2012), but provide additional
information on uncommon but serious forms of psychopathology.

the General Factor Model in Children and Adolescents

A number of studies also have tested the applicability of the general factor model to children
and adolescents. Parent-reported symptoms of psychopathology were assessed in a
community sample of 3-year olds (Olino, Dougherty, Bufferd, Carlson, & Klein, 2014). In
CFA, a model that included internalizing and externalizing factors and a general factor on
which all first-order dimensions of psychopathology loaded fit better than a correlated 2-
factor (internalizing, externalizing) model (Olino et al., 2014). We also conducted a
replication test of the general factor model using data on parent ratings of psychopathology
in 5-11 year old girls from the large and representative Pittsburgh Girls Study (Keenan et al.,
2010). A model that included higher-order internalizing and externalizing factors and a
general factor fit significantly better than a correlated 2-factor model (Lahey et al., 2015).
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We conducted a test of the general factor model in children and adolescents using data from
the Tennessee Twin Study sample of 1,569 twin pairs (ages 9-17 years) (Lahey, Rathouz, et
al., 2008). Data on symptoms of 11 common dimensions of psychopathology were collected
from both parents and youth using a reliable and valid structured interview. Two alternative
models of the phenotypic structure of the dimensions of psychopathology were compared
using CFA (Tackett et al., 2013). First, a correlated 2-factor model was specified by allowing
CD, ODD, inattentive, and hyperactive/impulsive symptom dimensions to load on the
externalizing factor. The internalizing factor was defined by the dimensions of MDD, GAD,
social anxiety disorder, agoraphobia, separation anxiety disorder (SAD), specific phobia,
and OCD. This model fit the data well, but with a correlation between the latent
internalizing and externalizing factors of r = 0.84. This correlated 2-factor model was
compared to a general factor model, in which internalizing and externalizing were defined in
the same way, but all symptom dimensions also were allowed to load on a general factor.
This model fit significantly better than the correlated 2-factor model without a general factor
(Tackett et al., 2013). In a separate study of a representative sample of adolescents, CFAs
indicated that the best-fitting bifactor model included a general factor (Noordhof, Krueger,
Ormel, Oldehinkel, & Hartman, 2015). Furthermore, other studies that support the general
factor model in adolescents are discussed below in relation to specific issues (Carragher et
al., 2016; Laceulle, Vollebergh, & Ormel, 2015; Patalay et al., 2015).

ALTERNATIVE EXPLANATIONS FOR THE HIERARCHICAL
CORRELATIONAL STRUCTURE OF PSYCHOPATHOLOGY

To this point, we have developed the argument that a hierarchical model of the phenotypic
structure of common forms of psychopathology that includes a general factor and at least
two more specific higher-order factors of psychopathology fits the data on the correlations
among first-order dimensions of psychopathology better than alternative structural models.
To evaluate this hypothesis, both theoretically and empirically, it is important to consider
viable alternative interpretations of the findings just reviewed that view the general factor as
an artifact of how psychopathology is defined and measured. One such alternative
hypothesis is that the general factor is potentially an artifact of using the same symptoms to
define multiple first-order dimensions of psychopathology. A second alternative hypothesis
is that the general factor could be an artifact of imprecise or systematically biased
measurement.

Is the General Factor an Artifact of Shared Symptoms?

It is possible that dimensions of psychopathology load on the general factor of
psychopathology partly or wholly because essentially the same symptoms are used to define
multiple first-order dimensions.

Role of Shared Symptoms within Higher-order Domains of Psychopathology
—The use of essentially the same symptoms to define more than one diagnosis varies across
higher-order domains. Table 1 shows that the four DSM diagnoses in the distress domain
share many similar symptoms. Thus, it seems likely that the first-order dimensions within
the distress domain are correlated with one another at least partly because the same or
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similar symptoms are used in the definition of each dimension. In contrast, no symptoms are
explicitly shared by the various diagnoses in the fears domain (not tabled for that reason).
During adulthood, there are no symptoms shared by the externalizing diagnoses of APD and
substance use disorders, although some substance abuse criteria are similar to APD
symptoms. Similarly, there are no symptoms common to the externalizing dimensions of
inattention, hyperactivity-impulsivity, ODD, and CD during childhood and adolescence.
Thus, the robust correlations among the first-order dimensions within the externalizing
domains are not solely artifacts of shared symptoms, but shared symptoms clearly could be
part of the basis of the higher-order distress domain.

Role of Shared Symptoms in Correlations between Higher-order Dimensions
of Psychopathology—It is important to note in Table 1 that three symptoms (irritability,
restlessness, and difficulty concentrating) are common to dimensions in two different higher-
order domains. This raises the possibility that the phenotypic correlations between the
distress and externalizing factors shown in Figure 2A are partly an artifact of shared
symptoms across domains. In contrast, shared symptoms cannot explain the finding that the
higher-order fears and distress factors, which share no symptoms, are the two most strongly
correlated higher-order factors (Krueger & Markon, 2006a).

Role of Shared Symptoms in the General Factor of Psychopathology—It is
possible that the general factor of psychopathology could partly reflect the subset of
symptoms that are shared across externalizing and distress dimensions—irritability,
dysphoria, inattention, anhedonia, fatigue, and others. Indeed, these symptoms may appear
in the definitions of multiple first-order dimensions precisely because they reflect the
general nature of psychopathology. Thus, we propose that these symptoms are closely
related to the general factor of psychopathology because they are correlated with the
dispositional traits of negative emotionality, which is related to the general factor (Tackett et
al., 2013). Nonetheless, shared symptoms do not provide a complete explanation of the
general factor of psychopathology. Figure 2B shows that dimensions of psychopathology in
the fears domain load significantly on the general factor in spite of there being no symptoms
that are shared with either the distress or externalizing dimensions.

Furthermore, studies of correlations among non-overlapping individual symptoms—rather
than among dimensions of symptoms—provide strong tests of the extent to which the
symptoms that are part of the definition of multiple dimensions could play a role in the
general factor of psychopathology. Two such studies of item-level data confirmed the
improved fit of models that include a general factor. CFAs of data from a representative
sample of 2,175 Australian adolescents found that symptoms loaded on three correlated
factors (internalizing, externalizing, and thought disorder). The addition of a general factor
in a bifactor model significantly improved model fit, with strong evidence for invariance in
the general factor model across sex (Carragher et al., 2016). Similarly, analyses of parent-
rated symptoms in a large representative sample of 11-13 year olds found that a bifactor
model specifying a general factor along with internalizing and externalizing factors fit better
than a correlated internalizing-externalizing model (Patalay et al., 2015). Thus these findings
argue against the possibility that overlapping symptoms contribute importantly to the general
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factor. Nonetheless, future research should consider the possibility that at least some similar
symptoms that help define different disorders (e.g., irritability and insomnia) are important
because they reflect transdiagnostic constructs.

Is the General Factor an Artifact of Imprecise Symptom Measurement?

The framers of the DSM/ICD nomenclatures incorporated the prevailing view that the same
symptoms may occur for different reasons, which must be distinguished to make valid
diagnoses. For example, different persons may express fear of flying in airplanes due to fear
of crashing, being in a closed space, or being trapped in the event of panic, with the first two
reasons viewed as indicative of specific phobia and the latter of agoraphobia. Similarly, a
child might express fear of sleeping alone due to fear of the dark (specific phobia) or fear of
separation from the caretaker (SAD). It is possible that some (or all) diagnostic interviews,
and particularly rating scales, fail to make such subtle distinctions adequately, which could
inflate correlations among these dimensions of psychopathology. Such imprecise
measurement of symptoms could inflate correlations among dimensions in the fears domain
to an extent that is currently unknown. Imprecise measurement could even explain some
correlations across domains. For example, in some cases, the defiance symptom in ODD
could reflect a child’s refusal to go to school due to separation anxiety or fear of something
at school.

Whereas imprecise symptom measurement undoubtedly inflates correlations among some
similar symptoms, and is therefore an important topic for future research, it seems
improbable that imprecise measurement could explain most of the broad patterns of
correlations among dimensions that give rise to the general factor of psychopathology. As
examples, it is unlikely that the correlations among the distinct symptoms of hyperactivity-
impulsivity, social anxiety, depression, and alcohol use disorder reflect imprecise
measurement that creates nonveridical correlations among these symptoms to a substantial
degree.

Is the General Factor an Artifact of Systematic Measurement Biases?

It is also necessary to evaluate the alternative hypothesis that the general factor is an artifact
of systematically correlated measurement error. It is important to note, however, that the
issue of biased measurement discussed here is not specific to the hypothesized general factor
of psychopathology. Rather, it is a fundamental issue that must be addressed in every
psychological study in which any two similarly measured variables are found to be
correlated. It is as true for studies examining the bivariate correlation of one dimension of
psychopathology with another as it is for studies that extract higher-order factors based on
matrices of correlations among multiple dimensions of psychopathology. In classical
measurement theory, each observed score is posited to reflect both the ‘true score’ and some
combination of random and systematic error of measurement (Nunnally, 1978; Spearman,
1904). Random measurement error is a problem because it attenuates veridical correlations
among symptoms and psychopathology dimensions (Spearman, 1904; Thorndike, 1920). In
contrast, systematically biased measurement (i.e., correlated measurement error) would
inflate correlations among symptoms and dimensions of psychopathology, perhaps even
creating spurious factors that have no substantive meaning.
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Could the structure of correlations among first-order dimensions of psychopathology arise
largely or even solely from systematically biased measurement? It is difficult to imagine that
the phenotypic correlations of dimensions of psychopathology reviewed above are not
biased to some degree by correlated measurement error. There is no reason to advance a
causal taxonomy, however, unless there is a basis for believing that systematic measurement
error is not the only important source of correlations among psychopathology dimensions.
Therefore, in discussing each source of systematic error, we (a) logically evaluate the
likelihood that it is the primary source of observed patterns of correlations among
dimensions of psychopathology, (b) review evidence from validity studies that such that
correlated measurement error does not fatally obscure the correlational structure of
psychopathology, and (c) suggest further tests of the role of systematic measurement error in
structural models of psychopathology.

Three types of systematically correlated measurement error have been proposed that could
give rise to nonveridical correlations among symptoms and dimensions of psychopathology:

1. Common method variance: This refers to any systematic influence of the method of
measurement that causes two or more measures to be more correlated when quantified using
the same versus different methods of measurement (Campbell & Fiske, 1959; Podsakoff,
MacKenzie, Lee, & Podsakoff, 2003). Most of the correlations among psychopathology
dimensions reviewed above were estimated using a single method of measurement with one
informant (i.e., parent reports of symptoms for children or self-reports for adolescents and
adults) and, as a result, are likely to be inflated to some degree by common method variance.
Notably, however, if common method variance were uniform across dimensions of
psychopathology, it would not be a threat to the validity of studies that identified more than
one higher-order domain of psychopathology (e.g., internalizing and externalizing) based on
correlations among first-order dimensions of psychopathology. This is because these
findings are based on patterns of differences among correlations and uniform common
method variance would be expected to inflate correlations to the same extent among
everything measured using the same method. Thus, uniform common method variance
would not be expected to create the patterned differences in correlations that are a primary
basis for the proposed taxonomy.

Nonetheless, uniform common method variance could contribute to the general factor of
psychopathology (Caspi et al., 2014; Lahey et al., 2012). Because the loadings of each
dimension on the general factor reflects the extent to which each dimension is correlated
with all other dimensions, after correlations among the specific first-order dimensions within
higher-order domains are taken into account, it could partly or entirely reflect correlations
among dimensions arising from common method variance. One would expect less varied
loadings on the general factor than are observed if the general factor were an artifact of
common method variance, but because the general factor plays an essential role in the
present causal taxonomy, we evaluate the extent to which it could be an artifact of common
method variance using tests of external validity and other methods presented below.
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2. Implicit theories: Informants may report on symptoms in themselves and in others partly
based on implicit theories they hold regarding how different behaviors are correlated
(Cronbach & Meehl, 1955; Korman, 1960). If they observe one behavior, their implicit
theories may lead them to report another behavior believed to be correlated with it, even if
the latter behavior was not actually observed (Schneider, 1973). An important problem with
this alternative hypothesis is that the observed widespread correlations among dimensions of
psychopathology reviewed here are not consistent with current implicit theories of
psychopathology in the cultures in which the studies reviewed above were conducted.
Although in our culture one may expect people who experience one fear to experience other
fears and for people who worry to be unhappy, it seems less likely that we would expect
antisocial individuals to also worry, be fearful, and be sad. Yet, that is what the phenotypic
correlational evidence shows.

Another possible implicit theory that should be considered is the belief that all negative traits
are positively correlated. That is, observers may have a tendency to globally endorse
negatively worded descriptors of themselves or others in a biased manner that increases
correlations among negatively worded items (Pettersson & Turkheimer, 2010). Because
questions about psychopathology symptoms almost always imply negative evaluation, such a
bias could be strong enough to lead to the reporting of symptoms that are not observed. This
would artifactually increase correlations among all symptoms. A simple tendency for
observers to endorse all positive or negative characteristics of persons seems unlikely to be
the sole cause of correlations among dimensions among negatively worded dimensions of
psychopathology, however. If that were the case, all negatively worded symptoms of
psychopathology would be equally correlated. Again, the pattern of varying magnitudes of
correlations among dimensions of psychopathology reviewed above is evidence against this
explanation. Nonetheless, the extent to which implicit theories contribute to a nonveridical
general factor of psychopathology can be evaluated best using the kinds of tests of criterion
validity discussed below.

3. Halo effects: Halo effects (Thorndike, 1920) are another potential source of systematic
measurement error that could confound the interpretation of correlations among different
forms of psychopathology and distort structural models of psychopathology. A halo effect is
a general tendency for informants to view persons, either themselves or others, in a positive
or negative light (Schneider, 1973; Thorndike, 1920). A negative halo of this sort could lead
unobserved symptoms of psychopathology to be attributed to an individual, which could
artificially increase correlations among symptoms and dimensions of psychopathology. Such
negative halos could arise in at least two ways. First, when an individual displays some
salient negative characteristics, many informants may acquire a generally negative view of
that person and report other characteristics in a biased manner (Abikoff, Courtney, Pelham,
& Koplewicz, 1993; Nisbett & Wilson, 1977). Second, some informants may be
characteristically disposed to rate themselves or others in ways that are positively or
negatively biased. Thus, the high correlations among factors of psychopathology could
reflect individual differences in a tendency to portray oneself in generally negative (or
positive) terms. This general tendency would not explain the observed patterning of varying
correlations among symptoms, however. Note that this explanation refers to more than just
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biased reporting of symptoms, and contains a substantive component. That is, a general
tendency to describe oneself in negative terms could reflect one of the nonspecific processes
that underlie the general factor and creates risk for all forms of prevalent psychopathology.

Testing the Impact of Common Method Variance on Higher-Order Factors Using Multitrait-
Multimethod Matrices

The contribution of common method variance to the correlations among first-order
dimensions of psychopathology that give rise to higher-order factors can be assessed using a
multitrait-multimethod matrix (MTMM) (Campbell & Fiske, 1959). This classic method
provides a simple way to evaluate the convergent and divergent validity of constructs. If two
measures of the same construct reflect more than systematic measurement error, they should
correlate regardless of the measurement method (convergent validity) whereas correlations
among different constructs should be lower both within and across measurement methods
(divergent validity). Because the MTMM approach to the measurement of symptoms and
dimensions of psychopathology has not been used previously in representative samples, we
examined it for this paper using new analyses of data on 826 9-17 year old children and
adolescents in the representative sample of the Georgia Health and Behavior Study whose
symptoms were assessed by two independent methods: parent and youth reports of
symptoms (Lahey et al., 2004). Psychopathology was assessed by each informant using
parallel versions of the same structured interview used in the Tennessee Twin Study (Lahey,
Rathouz, et al., 2008)in which each symptom was rated on a 0-3 scale reflecting severity
and frequency (Lahey et al., 2004). We generated an MTMM matrix of correlations among
eight dimensions of symptoms (Table 2): CD, MDD, GAD, social anxiety disorder, specific
phobia, agoraphobia, SAD, and obsessive-compulsive disorder (OCD). All correlations in
the table are significant at the Bonferroni-corrected value of .05/112 = .0005, except for
those between CD and most anxiety dimensions (in italics).

As shown in Table 2, the convergent validity correlations shown in bold (i.e., correlations of
ratings of the same dimension by different informants) on the diagonal through the lower-
left block in green were all significant (median r = .46). Following the method of Campbell
and Fiske (1959), all of the convergent validity correlations between ratings of the same
dimension by different informants were tested for significant differences compared to all
correlations between ratings of different dimensions by different informants in the same row
and column. In every case except youth-reported OCD, the convergent validity correlations
were significantly greater than all corresponding off-diagonal correlations. Thus, with the
exception of youth-reported OCD, both convergent and divergent validity were demonstrated
for these first-order dimensions of psychopathology.

Second, and most pertinent to our thesis, the MTMM matrix can be used to estimate an
upper bound for the extent to which the observed correlations among different first-order
dimensions of psychopathology assessed by the same informant reflect common method
variance. That is, correlations among first-order dimensions reflect common method
variance to a degree, but it is essential to quantify its role to determine if dimensions also are
correlated for substantive reasons. As shown in Table 2, the within-informant correlations
among the eight dimensions of psychopathology measured by parent reports in the upper left
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triangle (median r = .42), and the within-informant correlations among different dimensions
measured by youth reports in the lower right triangle (median r = .51) are larger than the
corresponding correlations among different dimensions across informants (median r = .23).
These differences could reflect differences in the perspectives of the two informants, but also
could mean that common method variance magnifies within-informant correlations among
first-order dimensions to some extent. Nonetheless, the present findings argue that these
correlations are not only the spurious result of common method variance. First and foremost,
91% of the correlations among different dimensions rated by different informants were
statistically significant, indicating that these correlations among different first-order
dimensions are not found only within one method of assessment, but also across methods
(i.e., informants). Thus, the results of the present MTMM analyses do not support the
alternative hypothesis that the correlations among different first-order dimensions of
psychopathology that are the basis for the general factor of psychopathology are primarily
the result of common method variance.

It is also important to note the pattern of correlations within and between informants in
Table 2. If phenotypic dimensions were correlated only due to uniformly biased
measurement, one would expect the correlations among all phenotypes to be of uniform
magnitudes. Instead, they are patterned in a way that has been replicated in the many studies
reviewed above that used a variety of different informants and measures. Furthermore, the
patterns of correlations among different dimensions in Table 2 are similar both within and
across informants. For example, MDD is more strongly correlated with GAD than with
specific phobia, both within and across informants. We cannot rule out the possibility that
this patterning reflects widely held implicit theories of which dimensions should co-occur,
leading to non-veridical reports of some symptoms when other symptoms are observed.
Such implicit theories would need to be shared by parents reporting on their children, and by
adolescents and adults reporting on themselves, however, to obtain the results in Table 2 and
the other findings reviewed in this paper.

Criterion Validity of Higher-Order Factors of Psychopathology

The strongest test of all of the alternative hypotheses stated above that the correlations
among first-order dimensions are artifacts of systematic measurement biases that give rise to
a spurious general factor of psychopathology is to test the criterion validity (Cronbach &
Meehl, 1955) of each higher-order factor in the proposed hierarchical model. That is, it is
necessary to determine if the hypothesized higher-order dimensions are uniquely related to
relevant external criterion variables that are independent of the definitions of the symptom
dimensions and measured by different informants. Data supporting the criterion validity of
each first-order dimensions are reviewed in Supplement 3; here we address the criterion
validity of the higher-order dimensions, including the general factor.

Criterion Validity of Internalizing and Externalizing Factors—An analysis of
NESARC data found that the higher-order internalizing dimension was valid in the sense of
predicting future angina, ulcer, and suicide attempts (Eaton et al., 2013). In another
representative sample of 8,580 adults, internalizing factor scores were found to be inversely
associated with daily living skills (e.g., preparing meals and managing money) (Markon,
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2010a). Similarly, using data from assessments of psychopathology during early adulthood
in the longitudinal Dunedin Study, higher-order internalizing, externalizing, and thought
problems factors were positively correlated with receipt of social welfare benefits, inpatient
mental health treatment, and conviction for a violent crime, but the other two factors were
not controlled when testing these associations (Caspi et al., 2014). We similarly reported
evidence supporting the criterion validity of distinguishing the higher-order fears, distress,
and externalizing dimensions in adults using NESARC data (Lahey et al., 2012). In this
sample, associations with validity criteria were tested in multiple regression models in which
the three higher-order dimensions were simultaneous predictors, adjusting for age, sex, and
race-ethnicity. Many of the criterion validity criteria were significantly correlated in the
same direction with more than one of the three dimensions, but there were important
exceptions that supported the discriminant validity of these higher-order dimensions of
psychopathology. For example, unintentional injury was uniquely associated with the
externalizing factor and receipt of disability income in wave 2 was independently predicted
by levels of distress but not by fears or externalizing factors in wave 1 (Lahey et al., 2012).
Nonetheless, the symptoms and criterion variables in this study were reported by the same
informant, however, leaving open the possibility that common method variance could have
contributed to these correlations.

Criterion Validity of the General Factor of Psychopathology—In the NESARC
sample, we tested several aspects of criterion validity of the general factor when higher-
order fears, distress, and externalizing factors also were specified in the model (Lahey et al.,
2012). In simultaneous regressions adjusting for age, sex, and race-ethnicity, the general
factor in wave 1 prospectively predicted several aspects of future psychopathology and
adaptive functioning assessed in wave 2, over and above the variance accounted for by the
fears, distress, and externalizing factors. In addition, the general factor was uniquely
associated with retrospective reports of physical or sexual abuse and neglect, whereas the
fears, distress, and externalizing factors were not consistently related to these measures
when the general factor was included in the model. Thus, these analyses support the
discriminant criterion validity of the general factor, in terms of associations with putative
risk factors and the prediction of independent aspects of future functioning (Lahey et al.,
2012). In simultaneous multiple regression analyses of data from the Dunedin Study, Caspi
et al. (2014) similarly found the general psychopathology factor to be independently
associated with multiple lifetime measures of impairment, when higher-order factors defined
by internalizing symptoms, externalizing symptoms, and symptoms of psychosis, mania, and
OCD were controlled. The externalizing factor showed reduced but significant independent
associations with impairment measures when the general factor was a simultaneous
predictor, but the internalizing factor showed little evidence of independent association with
impairment when the general factor was in the model.

Although the potential value of the findings of the studies just reviewed is diminished by the
fact that the same informant reported on psychopathology, risk factors, and impairment,
other studies provide data on the criterion validity of the general factor of psychopathology
using independently measured variables. These criterion variables are particularly important
because their correlations with the general factor are not contaminated by either common
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method variance or implicit theories. In the Dunedin Study, intelligence and other cognitive
ability measures were found to be inversely associated with both the internalizing and
externalizing dimensions. When the general factor was added to the model, however, these
cognitive ability measures were inversely correlated with the general factor, but only weakly
with internalizing or externalizing scores (Caspi et al., 2014). Furthermore, in the
longitudinal Pittsburgh Girls Study (Lahey et al., 2015), associations of parent ratings of
their children’s symptoms across 5-11 years of age were tested with the fully independent
criterion measures of intelligence and teacher reports of academic learning and classroom
behavior, averaged across 5-11 years and averaged across 12—-16 years. Multiple regression
models tested the unique associations of the general, externalizing, and internalizing factor
scores at 5-11 years extracted from the best-fitting CFA with each criterion measure,
controlling for each of the other factor scores and demographics. This confirmed the
previous finding (Caspi et al., 2014) that the general psychopathology factor was
independently and inversely associated with intelligence. This supports for the criterion
validity of the general factor, but it also means that intelligence needs to be controlled in
testing associations with teacher-reported ratings of academic performance in reading,
spelling, and mathematics, and classroom behavior. In such controlled analyses, the general
psychopathology factor robustly explained unique variance in each independent teacher
measure of classroom and academic functioning, both concurrently at 5-11 years and
prospectively at 12-16 years (Lahey et al., 2015). Similar prospective tests of the criterion
validity of the general factor were conducted in a large population-based British study of
children (Patalay et al., 2015). The general factor of psychopathology predicted both future
psychopathology and fully independent measures of academic achievement, when sex, race-
ethnicity, socioeconomic status, and the internalizing and externalizing factor scores were
controlled. These results of these tests of criterion validity strongly argue against the
alternative hypotheses that the general factor reflects no more than spurious correlations
based on either overlapping symptoms or any form of systematic measurement bias.
Unfortunately, however, intelligence was not controlled in the Patalay et al. (2015) study.
Additional support for the criterion validity of the general factor is described below in the
discussion of findings from common pathways models of twin data.

HOMOTYPIC AND HETEROTYPIC CONTINUITY: PHENOTYPIC STRUCTURE
OF PSYCHOPATHOLOGY OVER TIME

The cross-sectional studies reviewed above make it clear that (1) there is a robust pattern in
the magnitudes of correlations among common forms of psychopathology when
psychopathology is measured at a single point in time, and (2) this pattern of correlations is
explained well by the hierarchical general factor model just described. As important as the
cross-sectional structure of correlations among dimensions of psychopathology is to our
thesis, however, it provides an incomplete picture of the extents to which dimensions of
psychopathology are correlated. In this section, we add the dimension of #meto our
analyses by taking a /ongitudinal perspective on the correlational structure of common forms
of psychopathology. Specifically, based on earlier analyses by Angold et al. (1999), we
interrogated the correlational structure of psychopathology by examining patterns in the
continuity of psychopathology over time. In this context, continuity refers to a significant
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positive correlation of psychopathology measured at time t with psychopathology measured
at time t+1 in the same person. Developmental theorists distinguish two types of continuity
that can be applied to our analysis. Each categorical diagnosis or first-order dimension of
psychopathology may predict itself at a later point in time. This is referred to as homotypic
continuity, as opposed to heterotypic continuity in which one dimension of psychopathology
predicts another dimension at a later time (Beauchaine & McNulty, 2013; Kagan & Moss,
1962; Rutter, Kim-Cohen, & Maughan, 2006; Rutter & Sroufe, 2000).

Evidence of Homotypic Continuity

Many longitudinal studies have revealed moderate to substantial homotypic continuity in all
common first-order dimensions and diagnoses of psychopathology across multiple years.
This is clearly the case with the externalizing domain across childhood, adolescence, and
into adulthood (Barkley, Fischer, Edelbrock, & Smallish, 1990; Bufferd, Dougherty,
Carlson, Rose, & Klein, 2012; Burke, Waldman, & Lahey, 2010; Bussing, Mason, Bell,
Porter, & Garvan, 2010; Copeland et al., 2013; Copeland, Shanahan, Costello, & Angold,
2009; Costello, Mustillo, Erkanli, Keeler, & Angold, 2003; Lahey, Loeber, Burke, &
Applegate, 2005; Lahey, Pelham, Loney, Lee, & Willcutt, 2005; Miettunen et al., 2014;
Ormel et al., 2015; Reef, van Meurs, Verhulst, & van der Ende, 2010; Zoccolillo, Pickles,
Quinton, & Rutter, 1992). Similarly, across childhood and adolescence, significant
homotypic continuity has been found for all symptom dimensions and diagnoses in the fears
domain (Bittner et al., 2007; Broeren, Muris, Diamantopoulou, & Baker, 2013; Bufferd et
al., 2012; Copeland et al., 2013; Costello et al., 2003; Ferdinand, Dieleman, Ormel, &
Verhulst, 2007; Silberg, Rutter, & Eaves, 2001; Waszczuk, Zavos, Gregory, & Eley, 2016)
and in the distress domain (Broeren et al., 2013; Copeland et al., 2013; Copeland et al.,
2009; Costello et al., 2003; Ferdinand et al., 2007; Keenan, Feng, Hipwell, & Klostermann,
2009; Luby, Si, Belden, Tandon, & Spitznagel, 2009; Silberg et al., 2001; Waszczuk et al.,
2016; Wickrama, Conger, Lorenz, & Martin, 2012) over long periods of time. Furthermore,
there is clear evidence of homotypic continuity in all common diagnoses within and across
internalizing and externalizing domains over 3+ year-long spans of the years of adulthood
(Beard et al., 2006; Eaton et al., 2013; Krueger, Caspi, Moffitt, & Silva, 1998; Lahey, Zald,
Hakes, Krueger, & Rathouz, 2014; Vollebergh et al., 2001). Robust homotypic continuity is
important because it implies that the causal influences on prevalent forms of
psychopathology either are relatively unchanging over time, self-sustaining, and/or have
relatively long-lasting effects on psychopathology.

Evidence of Heterotypic Continuity

We next examine heterotypic continuity and discuss its implications for the causal taxonomy
of psychopathology. We first review evidence of bivariate heterotypic continuity—prediction
of diagnosis Y, from diagnosis X7 We then consider the possibility that any observed
heterotypic continuity is an artifact of homotypic continuity, by examining the prediction of
Y, from X3, while controlling Y7.

Heterotypic Continuity within and across Higher-order Domains—There is
extensive evidence of widespread and robust bivariate heterotypic continuity within higher-
order externalizing, fears, and distress domains in which one first-order dimension of
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psychopathology (or diagnosis) at time t significantly predicts a different dimension or
diagnosis in the same domain at time t+1 during childhood, adolescence, and adulthood
(Beauchaine & McNulty, 2013; Beesdo-Baum et al., 2015; Bittner et al., 2004; Bruckl et al.,
2007; Bufferd et al., 2012; Burke et al., 2010; Bussing et al., 2010; Copeland et al., 2009;
Gregory et al., 2007; Horn & Wuyek, 2010; Koenen et al., 2008; Kossowsky et al., 2013;
Lahey et al., 2014; S. S. Lee, Humphreys, Flory, Liu, & Glass, 2011; Lewinsohn, Holm-
Denoma, Small, Seeley, & Joiner, 2008; Moffitt et al., 2007; Ormel et al., 2015; Roberson-
Nay, Eaves, Hettema, Kendler, & Silberg, 2012; Rowe, Costello, Angold, Copeland, &
Maughan, 2010; Silberg et al., 2001; Waszczuk et al., 2016). There is also evidence of
heterotypic continuity of first-order dimensions across higher-order domains at all ages:

From fearsto distress and vice-versa: There is evidence that first-order dimensions (and
diagnoses) in the higher-order fears domain significantly predict other dimensions or
diagnoses in the higher-order distress domain (Ball, Otto, Pollack, & Rosenbaum, 1994;
Beesdo et al., 2007; Bittner et al., 2004; Bufferd et al., 2012; Copeland et al., 2009;
Goodwin et al., 2004; Horn & Wuyek, 2010; Keenan et al., 2009; Lavigne, Hopkins, Gouze,
& Bryant, 2015; Ormel et al., 2015; Pine, Cohen, & Brook, 2001; Silberg et al., 2001;
Trumpf, Margraf, Vriends, Meyer, & Becker, 2010; Wilson & Hayward, 2005). There also is
evidence that first-order dimensions (and diagnoses) in the distress domain significantly
predict other dimensions or diagnoses in the fears domain (Copeland et al., 2009; Lavigne et
al., 2015; Mathyssek, Olino, Verhulst, & van Oort, 2012; Ormel et al., 2015). The studies
reviewed in this section did not consistently find that every fears dimension prospectively
predicted every distress dimension and vice versa, perhaps due partly to insufficient
statistical power. For this reason, it is important that analyses of data from the large and
representative NESARC sample over three years revealed universally significant heterotypic
continuity from all diagnoses in the fears domain to all diagnoses in the distress domain, and
vice-versa, across 3 years during adulthood (Lahey et al., 2014).

From externalizing to distress and vice-ver sa: Although there are inconsistencies across
relatively small studies, there also is evidence that dimensions and diagnoses in the
externalizing domain predict other dimensions and diagnoses in the distress domain (Bittner
et al., 2007; Briere, Rohde, Seeley, Klein, & Lewinsohn, 2014; Burke & Loeber, 2010;
Burke, Loeber, Lahey, & Rathouz, 2005; Capaldi, 1992; Chronis-Tuscano et al., 2010;
Copeland et al., 2009; Hinshaw et al., 2012; Hipwell et al., 2008; Kosterman et al., 2010;
Lahey, Loeber, Burke, Rathouz, & McBurnett, 2002; Patterson & Stoolmiller, 1991; Reef,
Diamantopoulou, van Meurs, Verhulst, & van der Ende, 2009; Stringaris, Lewis, &
Maughan, 2014). Among adults, analyses of data from NESARC showed that all diagnoses
in the externalizing domain significantly predicted all diagnoses in the distress domain
(Lahey et al., 2014). Although one study found that childhood depression predicted conduct
problems 5 years later (Reinke & Ostrander, 2008), most studies of children and adolescents
did not find MDD to predict future CD (Burke et al., 2005; Capaldi, 1992; Hipwell et al.,
2011; Kosterman et al., 2010; Lahey et al., 2002; Patterson & Stoolmiller, 1991). From
adolescence to adulthood MDD predicted alcohol use disorder (Briere et al., 2014). Among
adults, moreover, all diagnoses in the distress domain significantly predicted all diagnoses in
the externalizing domain 3 years later in the NESARC sample (Lahey et al., 2014).
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From externalizing to fears and vice-versa: There is little evidence of heterotypic
continuity from externalizing to fears dimensions based on representative samples of
children and adolescents, although there is some evidence that childhood ADHD predicts
later social anxiety disorder (Bittner et al., 2007) and self-reported symptoms of ADHD,
ODD, and CD during adolescence predict panic attacks during early adulthood (Mathyssek
etal., 2012). Among adults in the NESARC study, in contrast, heterotypic continuity from
externalizing diagnoses to diagnoses in the fears domain was universally significant, albeit
modest in magnitudes (Lahey et al., 2014). We found no published evidence of significant
heterotypic continuities from diagnoses in the fears domain to diagnoses in the externalizing
domain among children or adolescents. Nonetheless, among adults in the NESARC study,
all diagnoses in the fears domain significantly but modestly predicted all externalizing
diagnoses 3 years later, except that specific phobia did not predict future drug abuse (Lahey
et al.,, 2014). It is important to consider the implications of the differences in the consistency
of significant findings on heterotypic continuity across domains in the NESARC study of
adults and other studies, many of which were of children and adolescents. These differences
could reflect true developmental differences, but they may simply be an artifact of the much
greater statistical power of the larger NESARC study of adults.

Is Heterotypic Continuity an Artifact of Uncontrolled Homotypic Continuity?—
It is essential to determine if heterotypic continuity in psychopathology is an artifact of
testing the predictive association between disorder Xat time 1 (X) and disorder Yat time 2
(Y without controlling disorder Yattime 1 (Y7). This is because X7 could predict Y>
when Y7 is not controlled because X exhibits ~iomotypic continuity and because Xand Yare
correlated at both time points. We conducted tests of this possibility using data on prevalent
diagnoses in adults in waves 1 and 2 of NESARC (Lahey et al., 2014). When homotypic
continuity was controlled, heterotypic continuity was still widespread.

The strictest test of heterotypic continuity is to determine if each wave 1 diagnosis
independently predicts each wave 2 diagnosis simultaneously controlling for both homotypic
continuity and every other wave 1 diagnosis. This strict test was conducted from childhood
to adolescence, childhood to adulthood, and from adolescence to adulthood in the Great
Smokey Mountain Study (Copeland et al., 2009) and in a synthetic combination of that
sample with two cohorts in New Zealand (Copeland et al., 2013). In both analyses,
significant heterotypic continuity was found for some pairs of diagnoses. In addition, in the
much larger NESARC sample, every wave 1 diagnosis in the distress domain accounted for
significant independent variance in the prediction of each other distress diagnosis in wave 2,
and each wave 1 diagnosis in the fears domain independently predicted each other fears
diagnosis in wave 2 (Lahey et al., 2014). Similarly, heterotypic continuity was universal in
the externalizing domain, except that wave 1 drug dependence did not predict wave 2
tobacco dependence. In addition, there were less consistent, but still widespread heterotypic
continuities from diagnoses in one higher-order domain to diagnoses in a different higher-
order domain, even when homotypic continuity and the heterotypic associations of all other
wave 1 diagnoses were controlled (Lahey et al, 2014). These findings argue that heterotypic
continuity is not an artifact of uncontrolled homotypic continuity.
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Implications of Robust Heterotypic Continuity

The findings of widespread heterotypic continuity reviewed above raise two fundamentally
important issues for the construction of a causal taxonomy of psychopathology:

1. Changing manifestations over time: The findings on widespread heterotypic continuity
suggest that although psychopathology is quite persistent (i.e., homotypic continuity is
strong), persons with psychopathology symptoms also experience changes in symptoms over
time (i.e., heterotypic continuity also is common). In the NESARC study, it was particularly
striking that the magnitudes of zero-order bivariate homotypic (p = .47 —.53) and
heterotypic continuities (p = .41 —.50) among diagnoses within the distress domains
differed very little, suggesting remarkable shifting over time among the distress diagnoses.
This could be fostered by the overlap in symptoms among the distress diagnoses, but high
levels of heterotypic continuity were also observed across domains that do not share
symptoms in the NESARC study. For example, persons who met criteria for MDD in wave 1
were significantly more likely to meet criteria for social anxiety disorder in wave 2. This
means that persons with MDD in wave 1 were more likely than persons without MDD in
wave 1 to add enough new symptoms of social anxiety disorder after wave 1 to meet criteria
for social anxiety disorder in wave 2, whether or not they continued to meet criteria for
MDD in wave 2. Notably a separate analysis of NESARC data found that higher-order
factors predict future specific diagnoses in wave 2 better than the same specific diagnosis in
wave 1 (Kim & Eaton, 2015). These findings are support the previously articulated view of
psychopathology as relatively persistent over time, but subject to what has been termed
“changing manifestations” (Loeber & Hay, 1997) and “phenotypic plasticity” (Nolen-
Hoeksema & Watkins, 2011).

2. Heterotypic continuity arisesfor the same reasons as cr oss-sectional

correlations: Our analyses of patterns of heterotypic continuities over 3 years in NESARC
(Lahey et al., 2014) were conducted to examine a key prediction relevant to the causal
taxonomy stated in the present paper. We predicted that the magnitudes of heterotypic
associations from wave 1 to wave 2 would recapitulate the magnitudes of cross-sectional
phenotypic associations among different mental disorders in wave 1. Using age- and sex-
adjusted tetrachoric correlations to quantify (a) the bivariate cross-sectional associations
among 10 different diagnoses in wave 1, and (b) the corresponding bivariate correlations for
prospective heterotypic associations among the same diagnoses from wave 1 to wave 2, we
assessed the similarity in these two sets of correlations using Spearman’s rank correlation.
The cross-sectional and heterotypic correlations were highly correlated at p = .86 (Lahey et
al., 2014). Consistent with the present causal taxonomy, the finding that disorder X7 predicts
Y, to a degree that closely mirrors the magnitudes of the cross-sectional correlations
between X7 and Y7 strongly suggests that the same shared etiologic factors and mechanisms
that give rise to cross-sectional correlations among multiple mental disorders at time 1 also
underlie the heterotypic continuities among those disorders over time.
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GENETIC AND ENVIRONMENTAL STRUCTURE OF PSYCHOPATHOLOGY

There are two fundamental questions for a causal taxonomy of multiple dimensions of
psychopathology. What etiologic factors cause first-order dimension to be correlated with
one another? What etiologic factors differentiate first-order dimensions of psychopathology
from one another?

Family Studies

If familial causes (i.e., genetic influences and environmental influences shared by family
members) nonspecifically increase risk for multiple dimensions of psychopathology through
the general factor, one would predict that family members with closer genetic and
environmental relatedness would show stronger correlations among both the same and
different dimensions of psychopathology. The most informative tests come from family
studies in which probands are identified in nonreferred samples, since referred cases tend to
be more comorbid than in the general population (Goodman et al., 1997), which could bias
the test. In a number of such studies, persons with each mental disorder are significantly
more likely to have family members who meet criteria for each other mental disorder in a
nonspecific manner (Arcos-Burgos, Velez, Solomon, & Muenke, 2012; Saha, Stedman,
Scott, & McGrath, 2013; Shankman, Klein, Lewinsohn, Seeley, & Small, 2008; Song et al.,
2015). Furthermore, one study found that the magnitudes of these associations with other
mental disorders in family members declined with the degree of genetic relatedness of the
siblings, suggesting a role for pleiotropic (i.e., nonspecific) genetic influences on all mental
disorders (Song et al., 2015).

Bivariate Biometric Models of the Covariation among First-Order Dimensions of
Psychopathology

Biometric models use differences in correlations between family members of varying
degrees of genetic relatedness, often members of monozygotic and dizygotic twin pairs, to
estimate the proportion of variation in a trait among persons in the population that is due to
genetic influences, shared environmental influences (familial factors that influence all
siblings equally and operate independent of genetic influences), and nonshared
environmental influences (which vary among siblings and operate independent of both
genetic influences and shared environmental influences). If two different phenotypes are
more correlated within monozygotic twin pairs than within dizygotic pairs, the difference
provides the basis for inferring common genetic influences on the two phenotypes (Neale &
Cardon, 1992). Studies using bivariate biometric modeling of cross-sectional twin data have
consistently indicated that first-order dimensions within the higher-order externalizing
domain in children, adolescents, and adults share a considerable proportion of their genetic
influences (Dick, 2007; Dick, Viken, Kaprio, Pulkkinen, & Rose, 2005; Korhonen et al.,
2012; Nadder, Rutter, Silberg, Maes, & Eaves, 2002; Tuvblad, Zheng, Raine, & Baker, 2009;
Waldman, Rhee, Levy, & Hay, 2001). Similarly, bivariate twin studies reveal that common
genetic influences are primarily responsible for the correlations among anxiety disorders and
depression within the internalizing domain in children and adolescents (Middeldorp, Cath,
Van Dyck, & Boomsma, 2005) and adults (Hettema, 2008; Ogliari et al., 2010; Smoller,
2013). Furthermore, bivariate twin studies also reveal common genetic influences on first-
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order dimensions in different higher-order domains (Smoller, 2013). For example, both CD
(Subbarao et al., 2008; Tackett, Waldman, Van Hulle, & Lahey, 2011) and tobacco
dependence (Tsuang, Francis, Minor, Thomas, & Stone, 2012) in the externalizing domain
share a substantial proportion of their genetic influences with MDD in the internalizing
domain. These studies suggest that the phenotypic correlations among pairs of first-order
dimensions of psychopathology both within and across domains are at least partly—and
likely substantially—due to common genetic influences.

Multivariate Biometric Models of the Hierarchy of Shared Etiologic Influences on
Psychopathology

Of direct importance to the present paper, biometric models have been extended to bivariate
and multivariate analyses (Neale & Cardon, 1992) to quantify the degree of sharing of each
of these kinds of etiologic influences across more than one trait (Jang & Livesley, 1999;
Lahey et al., 2011; Neale & Cardon, 1992; Spatola et al., 2007). Multivariate behavior-
genetic studies provide considerably more information on the shared etiologic factors
underlying phenotypic correlations among first-order dimensions of psychopathology than
bivariate models. These models are based on genetic and environmental correlations among
multiple measures of psychopathology derived from differences in the genetic relatedness of
different kinds of twins and other siblings (Neale & Cardon, 1992). As detailed in the
following paragraphs, two types of multivariate behavior genetic models— independent and
common pathways models—based on somewhat different assumptions (Neale & Cardon,
1992) have been used to understand genetic and environmental contributions to the
covariation among symptom dimensions, .

Independent Pathways Models—In independent pathways models (Neale & Cardon,
1992), one or more factors are derived from matrices of genetic and environmental
correlations among every first-order symptom dimension. To consider a hypothetical
example, this could yield one genetic (or environmental) factor that influences ADHD,
ODD, and CD, and a second genetic (or environmental) factor that influences MDD, GAD,
and other anxiety dimensions. An independent pathways model was specified for diagnoses
of MDD, GAD, phobias, alcohol dependence, drug abuse/dependence, adult antisocial
behavior, and CD in a large study of adult twins (Kendler, Prescott, Myers, & Neale, 2003).
In the best-fitting model, which was invariant across sex, two genetic factors were identified,
with diagnoses generally considered to be in the internalizing domain loading most strongly
on one genetic factor and diagnoses considered to be in the externalizing domain loading on
the second genetic factor, but with most diagnoses having significant loadings on both
genetic factors. Two factors of nonshared environmental influences had large loadings, with
most diagnoses considered to be in the internalizing domain loading on one factor, and most
diagnoses considered to be in the externalizing domain loading on the second factor. Shared
environmental influences accounted for little variance in these analyses.

A similar model was applied to parent-rated DSM-like internalizing and externalizing
symptom dimensions in a population-based sample of children and adolescents (Pesenti-
Gritti et al., 2008; Spatola et al., 2007). The best-fitting model included a single genetic
factor on which all dimensions of psychopathology loaded and two nonshared environmental
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factors on which dimensions generally considered to be in the internalizing and externalizing
domains loaded, respectively. In addition, the small shared environmental influences were
generally common to all dimensions of psychopathology.

Analyses of data on 11 first-order internalizing and externalizing psychopathology
dimensions were conducted using an independent pathways model in 1571 pairs of 9- to 17-
year-old twins in the population-based Tennessee Twin Study (Lahey et al., 2011). We first
considered the structure of the genetic correlations among the psychopathology dimensions
in a correlated 2-factor model in which depression and six dimensions of anxiety loaded on
an internalizing factor and the remaining four dimensions loaded on an externalizing factor.
In this model, the genetic correlation between the internalizing and externalizing domains
was r = 0.89, indicating that their genetic influences were substantially shared. We then
tested the possibility that this robust correlation between the internalizing and external
genetic factors could be explained by a general genetic factor in a bifactor model. The best-
fitting model of genetic influences included higher-order internalizing and externalizing
factors and a higher-order general factor on which all first-order dimensions of
psychopathology had significant loadings. In a separate analysis of the nonshared
environmental correlations among the 11 dimensions of psychopathology, the same
alternative models were compared in CFA. Like the analyses of genetic correlations, the
best-fitting model for nonshared environmental correlations included an internalizing factor,
an externalizing factor, and a general factor on which every dimension of psychopathology
significantly loaded. Unlike the model for genetic correlations, however, the proportion of
dimension-specific nonshared environmental influences was much higher for each
dimension, with the general factor and internalizing and externalizing factors explaining a
relatively small amount of the total nonshared environmental variance of each first-order
dimension.

Similar analyses using an independent pathways model were conducted of data on 6,595
child twin pairs (Pettersson, Anckarsater, Gillberg, & Lichtenstein, 2013). In this case,
however, the unit of measurement was symptoms rather than dimensions of
psychopathology, and the range of symptoms was different from other studies: ADHD, tics,
autism, and specific learning disorders. Nonetheless, EFA of the genetic covariances
indicated that most genetic covariance was explained by a general genetic factor. Nonshared
environmental influences on these symptoms were sizable, but a general factor did not
emerge in EFA of the nonshared environmental correlations (Pettersson et al., 2013).

The largest study to date using an independent pathways model to assess the sharing of
causal influences on psychopathology was based on records of clinical diagnoses for 1.7
million pairs of full and half adult siblings in the population of Sweden (Pettersson, Larsson,
& Lichtenstein, 2016). These diagnoses included both prevalent mental disorders (MDD,
anxiety, ADHD, alcohol use disorder, drug use disorder, and antisocial behavior) and the less
common but serious disorders of schizophrenia, schizoaffective disorder, and bipolar
disorder. They found a general factor of genetic influences on all mental disorders and two
additional factors reflecting genetic influences shared by just the psychotic disorders and by
just the non-psychotic disorders. In addition, they found a nonshared environmental factor,
on which mood disorders, anxiety, and ADHD loaded most strongly.
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These studies using independent pathways models provide fundamental information for the
construction of a causal taxonomy. They suggest that genetic and environmental influences
are (a) shared among the internalizing disorders, (b) shared among the externalizing
disorders, and (c) broadly shared across internalizing and externalizing disorders. Nonshared
environmental influences are thinly shared by first-order dimensions, but are mostly
dimension-specific. In contrast, genetic influences tend to be robustly shared across multiple
dimensions of psychopathology. Indeed, a general genetic factor influencing all dimensions
of psychopathology was identified in four of these studies (Lahey et al., 2011; Pettersson et
al., 2013; Pettersson et al., 2016; Spatola et al., 2007).

Common Pathways Models—Commaon pathways behavior genetic models provide
information on the causal structure of psychopathology that is complementary to
independent pathways models. Unlike independent pathways models, common pathways
models are based on the strong assumption that there are meaningful higher-order
phenotypic constructs and that genetic and environmental influences on first-order
dimensions operate through them (Franic et al., 2013; Neale & Cardon, 1992). Therefore,
higher-order phenotypic factors are defined in common pathways models and the genetic
and environmental influences on these phenotypes are estimated. For example, each first-
order dimension might load on either a higher-order externalizing or internalizing
phenotypic factor. In such a simple two-factor model, all of the common genetic and
environmental influences on each first-order symptom dimension would pass through these
higher-order phenotypic factors, rather than influencing the first-order symptom dimensions
directly, as in the independent pathways model.

Several analyses of the hierarchy of genetic and environmental influences have been
conducted using common pathways models, in which higher-order phenotypic factors were
specified. Data on mental disorder diagnoses among 3,372 male-male adult twin pairs in the
Vietnam Era Twin Registry were examined using such a model (Wolf et al., 2010). Higher-
order phenotypic factors of internalizing and externalizing psychopathology were specified
and the analyses revealed that the correlation between these phenotypic internalizing and
externalizing factors was mostly due to common genetic influences, but also partly due to
common nonshared environmental influences. The externalizing factor also had genetic and
environmental influences that did not also influence the internalizing factor. Each specific
diagnosis had relatively little diagnosis-specific genetic influences, but there were
substantial diagnosis-specific nonshared environmental influences (Wolf et al., 2010).

Using a common pathways model, an analysis was conducted of data on measures of MDD,
GAD, SAD, ADHD, ODD, and CD in adolescent twins and siblings (Cosgrove et al., 2011).
Higher-order phenotypic internalizing and externalizing factors were specified. Shared
environmental influences common to family members were small and largely dimension-
specific. In contrast, two genetic factors were identified in the best-fitting model that
influenced the internalizing and externalizing factors, respectively. Notably, the correlation
between these genetic factors was r = .75, indicating substantial overlap in the genetic
influence on these higher-order factors. Similarly, the correlation between two nonshared
environmental factors influencing the internalizing and externalizing factors was r = .74.
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We used a common pathways model in a recent new set of analyses of Tennessee Twin
Study data (Waldman, Poore, Van Hulle, Rathouz, & Lahey, in press). Unlike our previous
independent pathways modeling of the Tennessee Twin Study data (Lahey et al., 2011),
which only examined genetic and nonshared environmental influences, potentially important
shared environmental influences on psychopathology (Burt, 2014) also were analyzed using
the common pathways model. More importantly, unlike the other studies using common
pathways models, a general factor of psychopathology was considered in these analyses. The
best-fitting common pathways model for the combination of parent- and youth-reported
dimensions of psychopathology in these analyses included a phenotypic general factor of
psychopathology and higher-order internalizing and externalizing phenotypic factors. The
latter factors reflect the causal influences shared by the first-order dimensions in the
internalizing domain and in the externalizing domain, respectively, after the causal variance
shared by all first-order dimensions was captured by the general factor.

In considering the specific quantitative results of these new common pathways model
analyses of Tennessee Twin Study data (Waldman et al., in press), it is important to bear in
mind that estimates of proportions of genetic and environmental influences are likely to vary
by measures and samples. In particular, because a meta-analysis showed that estimates of the
heritability of mental disorders increase with age (Bergen, Gardner, & Kendler, 2007), it is
possible that the present analyses of children and adolescents yielded lower estimates of
heritability and higher estimates of environmental influences than would studies of adults. In
the recent common pathways model, the genetic component of the causal influences shared
by the externalizing dimensions was substantial, with the estimated heritability of the
higher-order externalizing factor being h? = .65. The phobias (specific and agoraphobia),
social anxiety disorder, SAD, and OCD all had significant loadings on the internalizing
factor. In contrast, the MDD and GAD dimensions had very small loadings on the
internalizing factor. Thus, a portion of the etiologic influences on the fear-related dimensions
are through the higher-order internalizing factor. Genetic influences on the internalizing
factor were modest (h? =.19), with both moderate shared (c? = .44) and nonshared
environmental influences (e2 = .37). In addition, all first-order dimensions also loaded
significantly on the general factor of psychopathology. These loadings ranged from modest
for specific phobia to high for GAD and MDD, reflecting the shared causal influences on all
11 first-order dimensions to varying degrees through the general factor. Genetic influences
on the general factor were moderate (h? = .43), with moderate shared environmental
influences (c2 = .25) and nonshared environmental influences as well (e2 = .32). Consistent
with these estimates, the heritability of a general factor of psychopathology was estimated
from single nucleotide polymorphisms to be .37 in a large representative sample of children
(Neumann et al., in press).

Figure 3 presents a full quantitative description of the hierarchy of causal influences on these
11 first-order dimensions of psychopathology in children and adolescents as revealed in the
common pathways model fitted to Tennessee Twins Study data (Waldman et al., in press).
The three panels in Figure 3 illustrate the patterns of sharing of each type of causal
influence. The widths of the arrows from each higher-order factor to each phenotypic
dimension of psychopathology reflect the estimated proportions of the total phenotypic
variance in each first-order dimension attributable to genetic, shared environmental, and
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nonshared environmental influences that are (a) common to all dimensions of
psychopathology, as captured in the general factor, (b) common to dimensions that load on
either the internalizing or externalizing factors, and (c) specific to each first-order dimension
of psychopathology. The sum of these contributions to the phenotypic variance from each
level of the causal hierarchy reflects the net variance explained by shared and dimension-
specific genetic and environmental influences. For example, in the top panel of Figure 3, the
total proportion of phenotypic variance in hyperactivity-impulsivity attributed to genetic
influences through the general and externalizing factors plus dimension-specific influences
(i.e., its heritability) was estimated to be 62%. Just over half of this genetic variance in
hyperactivity-impulsivity was found to be shared with other externalizing dimensions (34%),
but 5% of the phenotypic variance in hyperactivity-impulsivity was due to genetic influences
shared with all dimensions through the general factor and 23% was due to dimension-
specific genetic influences. Similarly, the heritability of SAD was estimated to be 32%, with
nearly half of these genetic influences shared with all other dimensions through the general
factor (15%) and most of the remainder of genetic influences being dimension specific.

Figure 3 also reveals that more than half of the genetic influences on most first-order
dimensions of psychopathology were shared with other dimensions, either through the
general factor or the internalizing or externalizing factors, with shared genetic influences
through the externalizing factor being especially strong. The exceptions were CD and social
phobia, for which a majority of their genetic influences were dimension-specific. Similarly,
virtually all of the nonshared genetic influences on each dimension are shared through the
general or the internalizing factor. Thus, familial influences tend to be nonspecific at the
level of one or both of the higher-order factors. In contrast, the majority of the nonshared
environmental influences are dimension-specific, except for MDD and GAD.

The proposed causal taxonomy is valuable in revealing both similarities and differences in
the patterns of causal influences on each first-order dimension. The nonspecific causal
influences that create widespread phenotypic correlations among these dimensions of
psychopathology in this study can be seen in all three panels of Figure 3. It is also clear that
the patterns of causal influences on each dimension seen in these hierarchies vary
considerably, albeit with similarities in some pairs of dimensions. For example, specific
phobia and agoraphobia show very similar patterns of genetic and environmental influences.
Indeed, they share considerable genetic and nonshared environmental influences above and
beyond the sharing at the levels of the general and internalizing factors. MDD and GAD also
exhibit nearly identical patterns of causal influences. Inattention and hyperactivity-
impulsivity also have very similar patterns of causal influences, although each has
dimension-specific genetic and nonshared environmental influences.

It is important to note that the results of the common pathways model analyses of the
Tennessee Twins Study (Waldman et al., in press) support the criterion validity of the
general factor in two important ways. First, if the general factor reflected no more than
correlated error variance, one would expect 100% nonshared environmental influences
because this term includes error of measurement. In contrast, the moderate genetic and
shared environmental influences on the general factor support its validity. Second, the model
that included the general factor accounted for substantially more of the total pleiotropic
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genetic variance due to higher-order factors than the model including only internalizing and
externalizing factors (Waldman et al., in press). This suggests that attempts to define
empirical phenotypes for genetic research that optimally reflect pleiotropic genetic
influences on psychopathology should include the general factor of psychopathology.

Shared Genetic Influences over Time

Although much remains to be learned, a longitudinal study of a large representative sample
of twins found that adult ratings of externalizing problems at age 5 years significantly
predicted new internalizing problems at age 12 largely because of shared genetic influences
on these two domains of problems at the two ages (Wertz et al., in press). Similarly, in the
British Genesis Study of 2,619 twins and siblings, depression, GAD, and fears dimensions
were assessed across adolescence. Each dimension at age 15 years significantly predicted
both itself and each other dimension at 17 and 20 years of age. Stable shared genetic
influences explained most of the homotypic and heterotypic continuity, but a modest degree
of stability was due to enduring nonshared environmental influences. In contrast, changes in
symptoms over time were mostly due to nonshared environmental influences that were both
dimension-specific and time-specific, although some change was due to novel genetic
influences that came on line at each age. Interestingly, these age-specific genetic influences
were common to multiple dimensions, contributing to their comorbidity at each age
(Waszczuk et al., 2016).

Measurement Error in Multivariate Biometric Twin Models

It is important to consider measurement error when interpreting the results of any statistical
model of psychopathology, including twin models. For example, when error in the
measurement of each dimension is uncorrelated across dimensions, it inflates estimates of
the extent to which nonshared environmental influences are dimension-specific. In contrast,
when measurement error is correlated across dimensions (e.g., individuals ‘exaggerate’ or
‘minimize’ two or more dimensions of their symptoms to similar extents), such correlated
measurement error would increase the extent to which nonshared environmental influences
are common to all dimensions. Furthermore, if mothers tend to exaggerate or minimize
reports of a dimension of symptoms in their twin children, such correlated measurement
error would inflate cross-twin correlations on that dimension. If this inflation were to be the
same extent for monozygotic and dizygotic twins, it would increase estimates of shared
environmental influences. In contrast, if mothers of monozygotic twins tend to rate their
twins in systematically more correlated ways than do mothers of dizygotic twins, that would
inflate estimates of heritability. Nonetheless, although twin modeling must be interpreted
with due caution, it provides a strong basis for causal hypotheses that can be tested with
other research strategies with different threats to their internal validity, such as tests of
associations with genetic polymorphisms (discussed below).

Severe Psychopathology and the General Factor of Psychopathology

The evidence reviewed above was based on common (i.e., prevalent) forms of
psychopathology. In contrast, little evidence exists on the placement of uncommon but
severe forms of psychopathology in the causal taxonomy. Nonetheless, there is now
sufficient evidence to advance a hypothesis regarding the role of mania, nonaffective
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psychosis, and autism in the causal taxonomy that, if supported, would substantially change
our understanding of these disorders by suggesting that they deeply share causal influences
with more common forms of psychopathology. One study of a large representative sample of
adults found that the diagnosis of bipolar disorder loaded on an internalizing rather than an
externalizing factor (Forbush & Watson, 2013), but analyses of NESARC data found that
mania loaded on both internalizing and externalizing factors (Keyes et al., 2013). In contrast,
other factor analytic studies found that symptoms of mania and psychosis load on a higher-
order factor that is separate from internalizing and externalizing factors, but robustly
correlated with them (Kotov, Chang, et al., 2011; Kotov, Ruggero, et al., 2011; Markon,
2010b; Wright et al., 2013).

None of these studies specified a general factor of psychopathology, however. This is
important because bipolar disorder and schizophrenia are robustly comorbid with essentially
all other common mental disorders in representative samples of adults (McMillan, Enns,
Cox, & Sareen, 2009; Merikangas et al., 2011). Data from the longitudinal TRAILS study
were analyzed using the same models employed by Caspi et al. (2014) to test the general
factor hypothesis, but across younger ages (i.e., 11 — 19 years (Laceulle et al., 2015). Their
results supported the general factor hypothesis and like Caspi et al. (2014), they found that
the general factor model fit slightly better than a correlated three-factor model when
psychotic symptoms and OCD loaded only on the general factor. In addition, a CFA of data
from two representative samples of adolescents similarly identified a general factor based on
multiple dimensions of anxiety, depression, and psychotic symptoms, even though they did
not include externalizing symptoms in their model (Stochl et al., 2015). These findings
suggest that the causal risk factors for mania and psychosis may be the same as the factors
that nonspecifically increase risk for all common internalizing and externalizing disorders.

This hypothesis is strengthened by the results of analyses of data from three large
representative samples of adults: the National Comorbidity Study (Kessler, 1995), National
Comorbidity Study-Replication (Kessler, Chiu, Demler, & Walters, 2005), and wave 2 of
NESARC (Ruan et al., 2008). Person-based analyses of diagnoses of mental disorders were
conducted using latent class analysis. In each of these studies, persons who met criteria for
bipolar disorder and nonaffective psychosis were almost exclusively found in the latent class
of persons who exhibited multiple internalizing and externalizing mental disorders (El-
Gabalawy et al., 2013; Vaidyanathan, Patrick, & lacono, 2011, 2012). One likely possibility
is that the members of this class, who exhibited multiple mental disorders across domains,
would have exhibited high scores on a general factor of psychopathology had it been
specified.

To further evaluate this hypothesis, we conducted additional new analyses of data on the
29,958 adults ages 18-65 who participated in both waves 1 and 2 of NESARC. The lifetime
prevalence of experiencing a manic episode by wave 1 was 3.8%. We tested the association
of these manic episodes in wave 1 with latent general, externalizing, and internalizing
factors derived from a bifactor CFA, as shown in Figure 2B (Lahey et al., 2012). The general
factor score was robustly associated with mania, but mania also had a weaker but also
significant association with the externalizing factor. Neither the fears nor the distress factors
were correlated with manic episodes in this model. Of great interest, the strong association

Psychol Bull. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lahey et al.

Page 31

with the general factor reflected the fact that 100% of the persons who had experienced a
manic episode by wave 1 were in the top 16% of scores on the general psychopathology
factor. That is, although the general score was derived from common internalizing and
externalizing disorders (i.e., not including mania), the diagnosis of mania was exclusively
found in individuals with scores on the general factor that were at least 1 standard deviation
about the sample mean. An additional 1.9% of the sample experienced a first episode of
mania during the next three years. Only the general psychopathology factor scores
significantly predicted these incident manic episodes.

Two studies addressed the place of autism in the hierarchical structure of psychopathology.
In a study of a broad range of symptoms in 9-12 year old twins (Pettersson et al., 2013), a
general factor accounted for a large proportion of the phenotypic covariation among
symptoms of ADHD, autism, tics, and specific learning disorders. Furthermore, an analysis
of data from a large sample adolescents also supported the existence of a general factor of
psychopathology, with symptoms of autism loading significantly on the general factor
(Noordhof et al., 2015).

Moderation of Causal Influences by Sex and Age

As noted above, the existing evidence suggests that the correlational structure of
psychopathology is largely invariant across sex and age. Nonetheless, there are widespread
and robust sex and age differences in mean levels of most first- and higher-order dimensions
of psychopathology—including sex differences that change with age—that must be
explained to achieve a full understanding of the nature and causes of psychopathology
(Crick & Zahn-Waxler, 2003; Eaton et al., 2012; Keenan & Shaw, 1997; Rutter, Caspi, &
Moffitt, 2003). These topics require careful scrutiny, both because of the inherent
importance in understanding sex and age differences and because of what understanding
them will tell us about the nature of psychopathology itself. Therefore, we briefly address
these topics in Supplement 4.

Evidence from Molecular Genetic Studies

Biometric studies of twins and other siblings are not the only source of information on the
hierarchy of causal influences on dimensions of psychopathology. Although nearly all
molecular genetic studies of psychopathology have tested for associations of genetic variants
with only a single diagnosis at a time in case-control designs, recent studies suggest that at
least some specific molecular genetic variants are pleiotropically associated with multiple
mental disorders (Davis et al., 2013; Havik et al., 2012; Maier et al., 2015; Smoller, 2013;
Smoller et al., 2013; Williams et al., 2011). In particular, a series of recent studies from the
Psychiatric Genomics Consortium (PGC) examined pleiotropic genetic effects on five
disorders (schizophrenia, bipolar disorder, MDD, ADHD, and autism). In the first of these
studies, four genomic loci were found to be associated with multiple disorders at genome-
wide levels of significance (Smoller et al., 2013). Similarly, polygenic risk scores based on
large numbers of common single nucleotide polymorphisms (SNPs) were found to be
associated with these five disorders, particularly the adult-onset disorders, although some
associations were disorder-specific (Smoller et al., 2013). In a follow up study by the same
consortium, univariate heritabilities for each of the five disorders and bivariate heritabilities
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among them were estimated using common SNPs (S. H. Lee et al., 2013). The SNP-based
heritabilities of each disorder were significant, although considerably lower (17-29%) than
that estimated from twin studies. Importantly, however, there was a high genetic correlation
between schizophrenia and bipolar disorder (r = .68), moderate genetic correlations of MDD
with bipolar disorder, schizophrenia, and ADHD (r = .47, .43, and .32, respectively), and a
low but significant genetic correlation between schizophrenia and autism (r = .16) (S. H. Lee
et al., 2013). Importantly, these findings indicate that the pattern of pleiotropic genetic
influences estimated from large numbers of common SNPs is consistent with the results of
the multivariate twin studies reviewed above (Lee et al., 2013; Smoller, 2013).

DISPOSITIONAL CONSTRUCTS AND THE CAUSAL STRUCTURE OF
PSYCHOPATHOLOGY

Psychologists have long studied the complex associations between mental disorders and
traits of temperament and personality (Carey & Dilalla, 1994; Cattell, Bjersted, & Schmidt,
1972; Clark, Watson, & Mineka, 1994; S. B. G. Eysenck, White, & Eysenck, 1976). In this
section, we use some of what is known about such traits to further our understanding of the
heterogeneous causal structure of psychopathology. Like others, we use the term
‘disposition’ to refer to these constructs to avoid unnecessary theoretical implications
(Mischel, 2004). Our view is that the distinction between “disposition’ and
‘psychopathology’ is inherently and unavoidably fuzzy, but nonetheless important.
Conceptually, the term dispositional traits refers to relatively enduring individual differences
in dimensions of behavior that span ‘normal’ and ‘abnormal’ functioning, whereas
psychopathology refers to dimensions of behavior that are maladaptive, but the boundary
between disposition and psychopathology is so ill-defined as to suggest a continuum
(Krueger & Markon, 2006b). The fuzziness of the distinction between dispositions and
psychopathology in research also derives from the fact that nearly all measures of
dispositional traits include many items that are synonyms or antonyms of symptoms of
psychopathology, which may inflate correlations between the two constructs (Lahey, 2004;
Lahey, Applegate, et al., 2008). Although there is some encouraging evidence that item
overlap is not the primary source of most disposition-psychopathology correlations (Lahey,
Applegate, et al., 2008; Lahey, Rathouz, Applegate, Tackett, & Waldman, 2010; Lemery,
Essex, & Smider, 2002), it is essential for future studies of dispositions and psychopathology
to consider the issue of confounding due to overlapping items.

Acknowledging these limitations, we discuss relations between dispositions and
psychopathology in this paper for three reasons. First, if the higher-order general,
externalizing, fears, and distress factors of psychopathology are found to correlate
differentially with dispositional traits that would support the discriminant validity of these
factors of psychopathology and reveal something of their natures. Second, research on
dispositional traits, and on associations between dispositional traits and psychopathology,
are topics of vibrant research and theory (Brooker et al., 2013; Kendler & Myers, 2010;
Krueger & Tackett, 2003; Nigg, 2006; Tackett, 2006; Vasey et al., 2013; Widiger, 2011). As
the nature of dispositions is clarified, the vast existing body of research on them will become
a rich source of information regarding the nature of the dimensions of psychopathology that
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are correlated with them. Third, although the data are inconsistent, there is evidence that the
influence of environmental factors on psychopathology is moderated by dispositional traits
(Kushner, 2015; Ormel et al., 2013). For example, a prospective study of adult women
measured dispositions and depression symptoms prior to Hurricane Sandy (Kopala-Sibley et
al., 2016). Women exposed to the hurricane exhibited increased depression symptoms, but
only if they were high in negative emotionality or low in positive emotionality before the
hurricane.

Dispositions are Transdiagnhostic/Transdimensional Processes

The present hypotheses regarding associations between dispositional traits and
psychopathology are partly based on, and are very similar to, those advanced in the
transdiagnostic model of psychopathology advanced by David Barlow and colleagues
(Barlow, Allen, & Choate, 2004; Barlow, Sauer-Zavala, et al., 2014) and Susan Nolen-
Hoeksema and Edward Watkins (Nolen-Hoeksema & Watkins, 2011). The transdiagnostic
approach hypothesizes that individual differences in a relatively small number of processes
are related to risk for multiple different diagnoses of mental disorder and help explain their
comorbidities. Some transdiagnostic processes in these models can be viewed as
dispositional constructs, such as trait negative and positive emotionality, whereas other
hypothesized transdiagnostic processes may be facets of dispositions, such as a trait-like
tendency to ruminate (Barlow et al., 2004; McLaughlin & Nolen-Hoeksema, 2011; Nolen-
Hoeksema & Watkins, 2011).

Barlow’s (2000, 2014) seminal transdiagnostic model focuses on the internalizing disorders
rather than the full spectrum of psychopathology. Similarly, our first model of relations
between dispositions and psychopathology addressed only externalizing psychopathology in
children and adolescents (Lahey & Waldman, 2003, 2012; Lahey, Waldman, & McBurnett,
1999). Although the dimensions of psychopathology addressed in these two sets of papers
were different, both sets of papers viewed negative emotionality as a key cross-cutting
construct that is related to multiple dimensions of psychopathology and reflects etiologic
influences that nonspecifically increase risk for all disorders. In Barlow’s model (2000,
2014), GAD, MDD, and panic attacks are viewed, in part, as varying expressions of the
same processes that influence negative emotionality. In Lahey and Waldman’s (1999, 2012)
model, negative emotionality is viewed as nonspecifically related to risk for ADHD, ODD,
and CD. In both models, the various dimensions of psychopathology are viewed as being
partly differentiated by their associations with other transdiagnostic dispositions. For
example, in Barlow’s model, deficient positive emotionality is hypothesized to be related
only to depression and social anxiety disorder, whereas heightened autonomic arousability is
related specifically to panic and agoraphobia (Brown, Chorpita, & Barlow, 1998). In some
ways, therefore, the present discussion of the role of dispositional constructs in the
heterogeneous causal structure of psychopathology can be viewed as an expansion of earlier
transdiagnostic models that addressed only internalizing or only externalizing
psychopathology.
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Dispositions and the Hierarchical Structure of Psychopathology

There is abundant evidence of correlations between dispositional dimensions and
psychopathology across the lifespan in the research literature. Consider the dispositional
construct of negative emotionality or neuroticism. These terms have been defined in a
variety of different but overlapping ways that refer to a tendency to experience negative
emotions frequently and out of proportion to the provocation (Barlow, Ellard, Sauer-Zavala,
Bullis, & Carl, 2014; H. J. Eysenck, 1947; Lahey et al., 2010; McCrae & Costa, 2003). The
multiple scales based on these various definitions are highly correlated (Lahey et al., 2010;
Zuckerman, Kuhlman, Teta, Joireman, & Kraft, 1993) and there is extensive evidence of
robust correlations between negative emotionality and every first-order dimension of
common forms of psychopathology in both the internalizing and externalizing domains
across the lifespan (Barlow, Ellard, et al., 2014; Gjone & Stevenson, 1997; Hink et al., 2013;
Jeronimus, Kotov, Riese, & Ormel, 2016; Kendler & Myers, 2010; Krueger, 1999; Krueger,
Caspi, Moffitt, Silva, & McGee, 1996; Krueger & Markon, 2006b; Lahey, 2009; Lahey et
al., 2010; Ormel et al., 2013; Stringaris & Goodman, 2009). Similarly, in the large 3-year
longitudinal NEMESIS study of adults, neuroticism predicted first (i.e., incident) diagnoses
in every measured domain of disorders (mood, anxiety, and substance use disorders) and the
degree of comorbidity among them (de Graaf, Bijl, ten Have, Beekman, & Vollebergh,
2004). Furthermore, neuroticism explained a large proportion of the phenotypic correlations
among specific internalizing diagnoses, among specific externalizing diagnoses, and
between latent internalizing and externalizing factors in a large representative sample of
adults (Khan, Jacobson, Gardner, Prescott, & Kendler, 2005). The consistent evidence that
negative emotionality is robustly related to all first-order dimensions of psychopathology,
and even predicts the magnitudes of the correlations among them, strongly suggests that
negative emotionality lies at the heart of the general factor of psychopathology. As such,
everything that has been learned about negative emotionality is potentially relevant to the
psychaobiological processes that are common to all prevalent forms of psychopathology
(Lahey, 2009; Lilienfeld, 2003).

In contrast, constrainthas been found to be inversely correlated with externalizing
psychopathology across the lifespan, but positively, if weakly, associated with the
internalizing domain (Hink et al., 2013; Krueger, 1999; Krueger & Markon, 2006b; Krueger,
McGue, & lacono, 2001; Lahey, 2009; Lahey et al., 2010). Constraint refers to domain of
dispositions related to the inhibitory control of emotion and behavior, that is often
conceptualized as the opposite of impulsivity (Beauchaine & McNulty, 2013; Carver, 2005;
Patrick, Curtin, & Tellegen, 2002) and/or disinhibition (Gray & McNaughton, 2003;
Latzman, Vaidya, Clark, & Watson, 2011). Thus, the observed inverse correlation of
dispositions in the constraint domain with externalizing psychopathology, but not with
internalizing psychopathology, supports the criterion validity of the distinction between the
higher-order internalizing and externalizing psychopathology factors and suggests important
hypotheses regarding the psychobiological processes that differentiate these two broad
domains of psychopathology.

Based on the observations just reviewed, phenotypic correlations were assessed between
parent ratings of the dispositional dimensions measured by the Child and Adolescent
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Dispositions Scale (CADS) (Lahey, Applegate, et al., 2008) and latent phenotypic
dimensions of parent-rated psychopathology in the Tennessee Twin Study (Tackett et al.,
2013). The CADS was developed to test hypotheses regarding associations between
dispositions and symptoms using a pool of items from which clear synonyms and antonyms
of symptoms of psychopathology were excluded to avoid confounding. CFAs of CADS
items yielded three factors: Negative emotionality reflects individual differences in the labile
expression of negative emotions. The second factor measures prosocial feelings and
behaviors. Following current usage (Frick, Ray, Thornton, & Kahn, 2014), these items were
scored inversely and labeled callousness. The third factor, termed daring, measures
adventurousness and the enjoyment of situations that are loud, exciting, and risky. These
three dispositional dimensions have each been shown to be reliable and valid in terms of
their differential correlations with direct observations and other external criteria (Lahey,
Applegate, et al., 2008). As shown in Figure 4, the phenotypic correlation of negative
emotionality with the latent general psychopathology factor was r = .58. The correlation of
negative emotionality with externalizing psychopathology also was significant, but
significantly smaller than the correlation with the general factor, and the correlation of
negative emotionality with internalizing was quite small. This does not mean that the
emotions involved in internalizing dimensions are not ‘negative,” only that the correlation
between the internalizing factor and the dispositional construct of negative emotionality is
small when the much stronger correlation of negative emotionality with the general factor—
on which the internalizing dimensions all load—is modeled. The two CADS dispositional
dimensions that are most related to constraint in this study (callousness and daring) each
exhibited small correlations with the general factor of psychopathology (Tackett et al.,
2013). Nonetheless, consistent with our model relating dispositions to externalizing
psychopathology (Lahey & Waldman, 2003, 2012), callousness (low prosociality) was
moderately correlated with the latent externalizing factor, but was correlated with
internalizing psychopathology at a significantly smaller level (Tackett et al., 2013). Again, it
is important to keep in mind when considering these findings that the inclusion of a general
psychopathology factor in a bifactor model changes the interpretation of the internalizing
and externalizing factors, which are, in essence, residualized on the general factor.

Associations between higher-order dimensions of psychopathology and dispositions also
were tested in a study of a community sample of 3-year olds (Olino et al., 2014). Consistent
with findings at older ages, the general factor was positively correlated with negative
emotionality. After residualizing on the general factor, the internalizing factor was inversely
correlated with surgency whereas externalizing was positively correlated with surgency and
inversely associated with effortful control (Olino et al., 2014). In the study of young adults
by Caspi et al. (2014) described earlier, phenotypic correlations between a general factor of
psychopathology and dispositions were assessed using the NEO-PIR, which assesses the
five-factor model of personality (Costa & McCrae, 1992). Consistent with the findings of
Tackett et al. (2013) with children and adolescents, Caspi et al. (2013) also found a moderate
phenotypic correlation between the general factor of psychopathology and NEO
neuroticism.
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ETIOLOGIC HETEROGENEITY OF CATEGORIES AND DIMENSIONS OF
PSYCHOPATHOLOGY

The evidence just reviewed reveals and emphasizes the need to look beyond dimension-
specific etiologic influences to also address the broadly shared etiologic influences that link
the dimensions of psychopathology in a taxonomy of causes. It is very important to note that
the present causal taxonomy addresses more than just the broad sharing of causal influences,
however. It also provides a powerful novel framework for revealing the equally important
heterogeneity in the causes and mechanisms underlying each first-order dimension of
psychopathology. There are two ways in which such heterogeneity in etiologies and
mechanisms can be understood in the present causal taxonomy:

1

Reversing the logic of the hierarchical causal taxonomy suggests that the reasons
why different dimensions of psychopathology are correlated are the same reasons
why each first-order dimension of psychopathology is Aeterogeneous. That is, the
present causal taxonomy provides a revealing new splitting-by-lumping
perspective on why different persons with the same level of symptoms of a given
first-order dimension can be influenced by different etiologies. The hierarchical
causal taxonomy implies that the etiologic influences on each first-order
dimension of psychopathology are fieferogeneous largely because they can arise
from (at least) three separate and largely orthogonal sources. For example, some
persons who meet criteria for CD may not carry any risk genotypes for those
behaviors and may exhibit them due to environmental influences. Other persons
who meet criteria for CD may carry only genotypes that pleiotropically increase
risk for all dimensions of psychopathology, including CD, through the general
factor. Other persons may carry only genotypes that increase risk for all
externalizing dimensions, whereas others may carry only genotypes that
specifically increase risk only for CD, and many others will carry varying
combinations of genotypes from each of these sources. The result is likely to be a
degree of heterogeneity in the genetic influences on each form of
psychopathology that will challenge, and likely defeat, studies seeking to identify
genetic variants associated with only one dimension of psychopathology. It
should be far more efficient to identify such diverse etiologic influences and their
related mechanisms at their source —by modeling higher-order phenotypes—
than by attempting to fractionate each first-order dimension into its multiple
etiologies and mechanisms.

Heterogeneity in the causes and mechanisms operating within each first-order
dimension also arises when more than one etiologic factor operates at any level
of the causal hierarchy. That is, each level of the taxonomy is unlikely to be
homogeneous in terms of its etiologic and psychobiological mechanisms.
Hypothetically, if some genetic variants related to the dispositional trait of
callousness and other genetic variants related to the inhibition of prepotent
responses each nonspecifically contribute to the risk for all first-order
dimensions in the higher-order externalizing domain, different persons could
display the same number of symptoms of any first-order externalizing dimension
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because of the risk conferred by different combinations of these two sets genetic
influences. Such heterogeneity may be revealed in variations in fine-grain
subsets of symptoms in some cases. This possibility has been cogently addressed
in studies of adult twins (Kendler, Aggen, & Neale, 2013; Kendler, Aggen, &
Patrick, 2012; Kendler, Aggen, Prescott, Crabbe, & Neale, 2012). In one study,
factor analysis of the symptoms of antisocial personality disorder yielded two
factors, with symptoms of irritability, fighting, and reckless disregard for others
loading strongly on one factor, and lack of remorse, deceit, failure to plan ahead,
and irresponsibility loading on the second factor (Kendler et al., 2012).
Furthermore, the best-fitting behavior genetic model included two genetic
factors, each with stronger loadings on one of the two phenotypic factors. One
possibility, therefore, is that antisocial personality disorder is heterogeneous in
the sense that (at least) two genetic processes each give rise to different fine-
grain subsets of antisocial symptoms. A possibility that has not yet been
examined is that the subset of irritability symptoms causally is linked to the
general factor and the lack of subset of remorse symptoms is linked to the
externalizing factor. Similar behavior genetic analyses of symptoms of MDD and
alcohol use disorder indicated similar patterns of different etiologic influences on
different subsets of symptoms of each of these disorders (Kendler et al., 2013;
Kendler, Aggen, Prescott, et al., 2012). Including the full causal taxonomy of
psychopathology in future studies would reveal the level(s) of the hierarchy at
which each source of such causal heterogeneity operate.

Transdimensional Dispositions and the Causal Heterogeneity of Psychopathology

There are fundamental similarities between the present causal taxonomy and key tenets of
the NIMH RDoC initiative (Cuthbert & Kozak, 2013; Insel et al., 2010; Sanislow et al.,
2010). Like the game-changing transdiagnostic models of psychopathology (Barlow, Sauer-
Zavala, et al., 2014; Nolen-Hoeksema & Watkins, 2011), the central hypothesis of the RDoC
approach is that psychobiological constructs do not align one-to-one with categorical mental
disorders, but are related to diagnoses in a cross-cutting manner (Cuthbert & Insel, 2013).
As a result, each mental disorder is heterogeneous and reflects dysfunction in more than one
psychobiological construct, and the same psychobiological construct may be related to
multiple categorical mental disorders. Therefore, persons who meet criteria for a given
categorical diagnosis often differ from one another so much that studying the etiology and
mechanisms of that diagnosis would be fruitless and even misleading (Sanislow et al., 2010).
We have adopted a similar view of the heterogeneity of first-order dimensions of
psychology. Therefore, we agree with the RDoC perspective that the “grain size” of first-
order dimensions (and diagnoses) of psychopathology is often foo /arge and that a focus on
transdimensional psychobiological constructs may be far more productive (Cuthbert & Insel,
2013). We differ, however, by positing that the “grain size” of first-order dimensions is also
often foo small, and that much will be learned about the fine-grain heterogeneity of first-
order dimensions by modeling the higher-order factors of psychopathology that provide a
platform for understanding the origins of the causal and mechanistic heterogeneity of first-
order dimensions.

Psychol Bull. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lahey et al. Page 38

Viewing Symptoms through the Lens of Dispositions

The RDoC initiative shifts the focus of research from diagnoses to constructs: “Rather than
starting with symptom-based definitions of disorders and working toward their
pathophysiology, RDoC inverts this process.” [p. 4] (Cuthbert & Insel, 2013). Many
elements in the RDoC matrix (www.nimh.nih.gov/research-priorities/rdoc/constructs/rdoc-
matrix.shtml) can be viewed as dispositional psychobiological constructs that are jointly
defined by individual differences at both behavioral and biological levels of analysis
(Cuthbert & Insel, 2013). That is, one potentially productive route to understanding the
nature of psychopathology would be to study a dispositional construct at both biological and
behavioral levels and relate it to symptoms of psychopathology. Because the ultimate aim of
the NIMH RDoC approach is to reduce the burden of mental health problems, its emphasis
is on understanding the constructs associated with impairing symptoms of psychopathology;
its innovative strategy is to ignore diagnostic definitions of categorical mental disorders in
doing so (Sanislow et al., 2010).

From Dispositions to Symptoms: An lllustration—Here we explore the potential
advantages of viewing symptoms from the starting point of psychobiological constructs
rather than diagnoses. We conducted a new empirical exercise for this paper using data on
dispositional constructs and symptoms from the population-based sample of 1,358 4-17 year
old children and adolescents in the Georgia Health and Behavior Study (Lahey et al., 2004).
In this study, parents rated dispositional items and symptoms of psychopathology.
Dispositions of negative emotionality, callousness, and daring were measured using the
CADS (Lahey, Applegate, et al., 2008), but we use these dispositions simply as examples of
the many dispositional constructs that could be studied in the same way. Similarly, the DSM-
IV symptoms of specific phobia, SAD, MDD, inattention, hyperactivity-impulsivity, ODD,
and CD used in Figure 5 are examples of the broader range of symptoms of
psychopathology that could be studied in the same way.

In the four panels of Figure 5, each symptom is plotted in three-dimensional “dispositional
space,” with the coordinates being the mean ratings on each disposition given to all children
and adolescents who exhibited each specific symptom. For this purpose, children were said
to exhibit a symptom if they received a rating of ‘pretty much’ or “‘very much’. Following
the RDoC strategy, diagnoses were ignored in this empirical exercise. Nonetheless, Figure
5A shows that many symptoms of each mental disorder generally cluster with one another in
‘dispositional space.” For example, the symptoms of specific phobia are all associated with
relatively low ratings on all three dispositional dimensions. In contrast, some symptoms of
ODD and CD are associated with very high ratings on all three of these dispositions.

Figure 5B presents the mean dispositional ratings on symptoms of MDD and specific phobia
on expanded scales of the mean dispositional ratings. In this ‘close up’ view, there is
separation of these two clusters of symptoms on all three dispositional dimensions, although
some symptoms of MDD (i.e., the core mood symptoms of anhedonia and dysphoria along
with hypersomnia, fatigue, and low self-esteem) are more distant from specific phobias than
are the other MDD symptoms. Not all clusters of symptoms of a different mental disorder
are equally well separated in dispositional space, however. For example, in Figure 5C,
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although the symptoms of inattention (blue squares) are tightly grouped with one another,
they occupy dispositional space that is very close to both the ODD symptoms and the core
mood symptoms of MDD. In contrast, Figure 5D shows that the symptoms of hyperactivity-
impulsivity (green squares) are clustered with the remaining MDD symptoms. Associations
of the symptoms with callousness and daring were less widespread and less consistent
among the symptoms of a given disorder. Nonetheless, the odds of all symptoms of ODD
and inattention were reliably greater for youth given higher ratings on callousness. In
addition, the odds of most symptoms of CD were reliably greater at higher ratings on
callousness. Only fear of blood was inversely related to callousness. Daring was positively
associated with symptoms of hyperactivity-impulsivity and ODD/CD symptoms of defying
adults, spiteful and vindictive, and lying to con. In contrast, daring was inversely related to
fears of dogs and blood.

These illustrative findings suggest three important things for the study of psychopathology.
First, the robust associations of symptoms with dispositional constructs indicate that one
could productively follow an RDoC strategy and study, for example, the dispositional trait of
negative emotionality at both neurobiological and behavioral levels to relate variation in that
construct to impairing symptoms of psychopathology. Second, these illustrative findings
suggest that different symptoms are related to different combinations of multiple
dispositions. For example, youth who are spiteful and vindictive are rated high in negative
emotionality, callousness, and daring. In contrast, children who are fearful of blood are also
high in negative emotionality, but low in callousness and daring. This suggests that it could
be very limiting to study the association of psychopathology with one disposition at a time.

Third, a potential limitation inherent in relating dispositional constructs only to dimensions
of psychopathology is that it assumes that each symptom that defines a first-order dimension
of psychopathology is related to each dispositional construct under study in the same way.
The data shown in Figure 5 suggest that this may not always be the case. For example,
Figure 5 confirms the strong hypothesized associations between negative emotionality (on
the vertical axis) and ODD symptoms, but reveals a substantial degree of heterogeneity in
the magnitudes of those correlations. Understandably, ODD symptoms that reflect
experiencing negative emotion (e.g., irritability and temper tantrums) are more strongly
correlated with the disposition of negative emotionality than are the two ODD symptoms
that reflect acting against others (deliberately annoys others and acting in spiteful or
vindictive ways). Furthermore, consistent with the high loadings of MDD and GAD on the
general psychopathology factor, each of these symptom dimensions shows a significant
correlation with negative emotionality (consistent with Figure 4). Perhaps the most
interesting finding for MDD and GAD symptoms in Figure 5, however, is the heterogeneity
in the magnitudes of their correlations with negative emotionality, with symptoms reflecting
fatigue, hypersomnia, psychomotor retardation, mind going blank, and suicidal behavior
showing weaker correlations with negative emotionality than other MDD and GAD
symptoms. Thus, the two strategies of relating RDoC-like dispositional constructs to
individual symptoms or to hierarchically ordered dimensions of symptoms should be viewed
as complementary. They each paint essentially the same picture of how dispositional
constructs are related to psychopathology symptoms, but each reveals different information.
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Causal Connections between Dispositions and Psychopathology

What causes the robust phenotypic correlations between dispositional and psychopathology
dimensions just described? Analyses of data from a large study of adult twins found that
genetic influences on neuroticism account for at least one-third of the genetic influences on
each individual internalizing diagnosis, with additional sharing of nonshared environmental
influences (Hettema, Neale, Myers, Prescott, & Kendler, 2006). Similarly, a study of a
representative sample of 4-17 year old twins collected parent ratings on both multiple
dimensions of externalizing psychopathology and the dispositional dimension of negative
emotionality (Singh & Waldman, 2010). Both bivariate and multivariate biometric analyses
indicated that much of the phenotypic correlation between each first-order dimension of
externalizing psychopathology and negative emotionality was due to pleiotropic genetic
influences. Similarly, a study of same-sex 6- to 12-year old twins (Taylor, Allan,
Mikolajewski, & Hart, 2013) estimated the extent to which a higher-order factor of parent-
rated externalizing psychopathology shared its genetic influences with parent ratings on
three dispositional dimensions measured by the CADS (Lahey, Applegate, et al., 2008). A
Cholesky decomposition model (Neale & Cardon, 1992) revealed that the genetic influences
on dispositions and psychopathology dimensions overlapped substantially.

A key issue for the present causal taxonomy, however, is the sharing of genetic influences on
dispositions and on botf internalizing and externalizing psychopathology. In separate
multivariate biometric analysis of data on the same twins studied by Taylor et al. (2013), but
at older ages, the same team (Mikolajewski, Allan, Hart, Lonigan, & Taylor, 2013) defined a
latent trait of negative affect based on parent ratings of both CADS negative emotionality
(Lahey, Applegate, et al., 2008) and the negative affect scale of the PANAS (Watson, Clark,
& Tellegen, 1988). An independent pathways model (Neale & Cardon, 1992), revealed that
both parent-rated externalizing and internalizing psychopathology factors loaded on the
same latent factor of additive genetic influences on which negative affect had the strongest
loading. This suggests that the phenotypic correlation between higher-order internalizing
and externalizing factors is at least partly due to genetic influences that both internalizing
and externalizing psychopathology also share with negative emotionality. Another similar
study of adolescent twin pairs also found considerable overlap between the genetic
influences on negative emotionality and both internalizing and externalizing disorders (Hink
et al., 2013). One possible implication of these findings is that negative emotionality may be
related to psychopathology through genetic influences shared with the general factor.

Analyses of data from the Tennessee Twin Study revealed that the general factor of
psychopathology shared 50% of its additive genetic influences with CADS negative
emotionality, but shared only 6% and 4% of its additive genetic influences with callousness
and daring, respectively (Tackett et al., 2013). In contrast, the externalizing factor in this
hierarchical factor model shared 31% of its latent additive genetic influences with CADS
callousness and 15% with negative emotionality (Tackett et al., 2013). The internalizing
factor in this model did not significantly share genetic influences with any of the CADS
dispositional dimensions (Tackett et al., 2013). A twin study of MDD in adults similarly
found that phenotypic correlations of neuroticism and conscientiousness with MDD were
partially due to shared genetic influences on each trait-disorder pair (Kendler & Myers,
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2010). Consistent with these findings, a meta-analysis of large samples of adults found that a
polygenic risk score derived from common genetic variants associated with neuroticism was
also significantly associated with MDD (Genetics of Personality Consortium, 2015). This is
interesting given the central role of MDD in defining the general factor of psychopathology
and its clear relation with negative emotionality. Taken together, the findings of these several
multivariate behavior genetic studies suggest that the general factor of psychopathology
substantially shares its genetic influences with negative emotionality. This hypothesis may
help guide future research on the genetics of the general factor. For this reason, recent
findings of the association of 11 genetic markers with a measure of negative emotionality
(and the estimated genetic correlation between negative emotionality and depression
estimated from SNPs of r = .75) are very encouraging (Okbay et al., 2016).

Psychobiological Constructs in the Hierarchical Causal Structure of Psychopathology

The hypotheses just stated regarding causal links between dispositions and psychopathology
have clear implications for the mechanisms underlying psychopathology. We conceptualize
genetic and environmental influences on psychopathology as operating through
psychobiological constructs, which we define as processes that can be studied at both
psychological and biological levels of analysis. Individual differences in the genetic
processes that encode proteins almost certainly interplay with environments to create
variations among persons in such psychobiological constructs. These include variations the
structure and function of the brain, endocrine systems, and other processes and parallel
individual differences in behavior. Although it is likely that individual differences in such
psychobiological constructs vary over time, they are also relatively trait-like dispositions.

HYPOTHESES OF THE CASUAL TAXONOMY

Based on the evidence reviewed above, we posit a hierarchy of distributed causal influences
on psychopathology that operates at multiple levels, all of which must be considered
simultaneously to fully understand any first-order dimension of psychopathology. Some
highly pleiotropic genetic and environmental causal factors broadly increase risk for all first-
order dimensions of prevalent symptoms of psychopathology to varying degrees. Other
causal factors pleiotropically increase risk only for any of the internalizing disorders
(perhaps with distinctions between distress and fears dimensions), whereas other causal risk
factors increase risk only for any of the externalizing dimensions. In addition to these
pleiotropic casual factors, each first-order dimension likely has some degree of its own
specific genetic and particularly environmental influences. Thus, studying the etiology of
any first-order dimension of psychopathology by itself puts unnecessary blinders on
research. One must look beyond each single first-order dimension of psychopathology to
comprehensively identify its causal influences, both pleiotropic and dimension-specific
causes must be considered at the same time (Lahey & Waldman, 2012).

The patterns of cross-sectional phenotypic correlations among dimensions of
psychopathology reviewed above provide important initial clues to the underlying causal
structure of psychopathology. This is because any causal taxonomy that is inconsistent with
observed patterns of phenotypic correlations among psychopathology phenotypes can be
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ruled out. In particular, the widespread phenotypic correlations among first-order
dimensions of psychopathology mean that it is virtually impossible for each first-order
dimension to be influenced only by its own unique (i.e., distinct and uncorrelated) causal
influences. Otherwise, these dimensions would not be correlated. Furthermore, bivariate and
multivariate modeling of cross-sectional data from twin studies allow a disentangling of
inferred genetic and environmental causal influences on psychopathology. Although more
evidence is also needed from other types of studies that can disentangle causes, we offer
hypotheses in Table 3 based on the available evidence to explain both (a) the sources of the
extensive correlations among first-order dimensions of psychopathology, and (b) why—
beyond random measurement error—first-order dimensions of psychopathology are not
perfectly correlated (i.e., why first-order dimensions are differentiated as much as they are,
in spite of their widely shared causal influences).

Hypotheses 1-5 in Table 3 are based on cross-sectional evidence; they address the hierarchy
of shared causal influences that account for the correlated phenotypic and causal structure of
psychopathology measured at any single point in time. Hypotheses 6 and 7 reverse the logic
of the causal hierarchy to address the heterogeneity of each first-order dimension of
psychopathology. This heterogeneity is the natural by-product of each first-order dimension
of psychopathology receiving causal inputs from three separate and largely orthogonal
sources. Hypotheses 8 and 9 address persistence and change in psychopathology over time.
The patterns of homotypic and heterotypic continuity revealed by longitudinal studies are
important in stimulating hypotheses regarding both fixed and particularly time-varying
causal influences on psychopathology and in constraining the range of viable causal
hypotheses. The high degree of homotypic continuity suggests that fixed factors (e.g., DNA
sequences) and/or relatively unchanging or recurrent etiologic factors (e.g., chronic or
intermittent stressful environments associated with poverty) are important influences on
psychopathology. The genetic and environmental influences that foster homotypic continuity
may work together through gene-environment correlation (Plomin, DeFries, & Loehlin,
1977), such as when genetic variation selects individuals into maladaptive environments that
maintain the maladaptive behavior.

Although homotypic continuity is robust due to such constant or lasting causal influences,
there is more than enough variation in psychopathology over time to indicate the operation
of causal influences that drive changes in psychopathology. These may include
developmental processes (e.g., neural maturation) that play out over time and time-varying
factors that both (a) change levels of symptoms, and (b) give rise to the changes in
symptoms that constitute heterotypic continuity. These factors may include genetic
influences that come on line at particular points in development and time-varying
environmental influences (e.g., changes in peer influences or acute stressors). Gene-
environment correlation may operate in heterotypic continuity as well. That is, genetically
influenced dimension X; may preferentially predict dimension Y, because X creates
environmental conditions that foster symptoms of Y.

Hypotheses 10-12 address the role of dispositional constructs defined jointly at the level of
behavior and biology in the causal structure of psychopathology. Individual differences in
such psychobiological constructs play a key role in the origins of psychopathology by

Psychol Bull. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lahey et al.

Page 43

moderating the impact of environmental influences. Furthermore, causal influences on first-
order dimensions of psychopathology are hypothesized to be mediated by multiple
psychobiological constructs. Individual differences in some dispositions are broadly related
to risk for multiple dimensions of psychopathology, whereas other dispositional constructs
are specifically related to fewer or even one first-order dimension of psychopathology.

IMPLICATIONS OF THE CAUSAL TAXONOMY FOR FUTURE RESEARCH

A primary motive for advancing the present causal taxonomy is to foster discussion of the
most fruitful strategies for studying the etiologies and psychobiological mechanisms of
psychopathology across the lifespan. To begin this dialogue, we aver that the current strategy
of studying the neurobiology or the genetic influences on one categorically defined mental
disorder at a time is the wrong way to proceed, and may be one reason for the slow progress
in identifying specific causal risk factors. If the present causal taxonomy is substantially
correct, the efficiency of etiologic research could be significantly improved.

Implications of the Causal Taxonomy for Studies of Molecular Genetics

Some genetic risk variants may be associated with a single mental disorder, but as reviewed
above at least some common SNPs are pleiotropically associated with more than one mental
disorder (Gratten, Wray, Keller, & Visscher, 2014; Kendler, 2005; S. H. Lee et al., 2013;
Ruderfer et al., 2014; Sivakumaran et al., 2011; Smoller, 2013). Other studies similarly
indicate that some rare copy number variants and other structural variants are nonspecifically
associated with multiple mental disorders (Bergen et al., 2012; lonita-Laza et al., 2014;
Levinson et al., 2011; Malhotra et al., 2011; Sanders et al., 2011). A more powerful strategy
for identifying pleiotropic molecular genetic variants that operate each level of the
dimensional hierarchy of psychopathology would be to measure a broad range of first-order
dimensions of psychopathology and define a latent general factor and two or more specific
higher-order factors (e.g., internalizing and externalizing) in a bifactor model so that
associations of genetic variants with each level of this hierarchy could be individually or
jointly tested in structural equation modeling.iil This strategy would avoid a potentially
widespread but unnecessary problem of false negatives. For example, assume that genetic
variant x is pleiotropically associated with risk for any externalizing dimension of
psychopathology. If one only tested associations with the diagnosis of ODD, for example, a
person with the risk allele of variant x who met criterion for ADHD but not for ODD would
be counted as a ‘miss.” Similarly, a person with the risk allele of variant x who exhibited CD
but not ODD would be considered a ‘miss.” If associations of the same genetic variant with
the higher-order externalizing phenotype had been studied instead, both of these associations
would be “hits’, resulting in more accurate estimates of effect size for variant x. Following
this strategy, Dick and colleagues conducted two studies of adults and adolescents and found
that two candidate genetic variants in GABRA2 and CHRM2 were weakly associated with
each specific externalizing disorder, but were more strongly associated with a higher-order
externalizing factor derived from correlations among the specific disorders (Dick, Aliev,

iiiAlternatively, factor scores estimated in SEM could be exported for association tests in specialized statistical software, but the
exported factor scores would no longer have the measurement properties of latent factors.
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Wang, & al., 2008; Dick et al., 2009). The same logic would apply to the identification of
genetic risk variants for the higher-order general and internalizing factors.

It is important to note that the case-control study designs typically used in genetic research
are problematic for the discovery of pleiotropic molecular genetic variants associated with
multiple first-order dimensions of psychopathology through higher-order phenotypes.
Although the selection of individuals at the extremes of phenotypes (i.e., diagnosed cases
and controls) can increase statistical power (Dolan & Boomsma, 1998; Eaves & Meyer,
1994), selecting cases based on a single diagnosis and controls based on the absence of that
(or perhaps any) diagnosis biases correlations among the target disorder and other
dimensions of psychopathology, making accurate estimates of higher-order phenotypes
based on correlations among dimensions of psychopathology difficult. For example,
selecting cases on the basis of a diagnosis of bipolar disorder would increase the likelihood
of selecting individuals who also have other mental disorders that often co-occur with
bipolar disorder and decrease the likelihood of selecting individuals with forms of
psychopathology that co-occur less often with bipolar disorder, biasing estimates of
correlations among the full range of psychopathology dimensions. Such biases might be
corrected through weighting, but only if the control group were sufficiently large and
representative. Given this, large representative samples in which multiple dimensions of
psychopathology are measured provide the optimal data for discovering pleiotropic genetic
risk variants associated with the dimensional hierarchy of psychopathology.

Furthermore, a series of simulations (van der Sluis, Posthuma, Nivard, Verhage, & Dolan,
2013; van der Sluis, Verhage, Posthuma, & Dolan, 2010) considered the power of genome
wide association studies in which the phenotype was characterized by a diagnosis, a
unidimensional composite score, a multi-dimensional characterization of the underlying
phenotypic structure, and a multi-dimensional measurement model incorporating IRT
properties. Substantial gains in power were found moving from a diagnosis to a
unidimensional composite symptom dimension, to a more appropriate multi-dimensional
structure, to testing such associations within the context of an IRT measurement model that
allows for differences in factor loadings and item difficulties across symptoms. Such
dimensional models also better reflect the complex pleiotropic nature of psychopathology
that underlies multiple disorders (O’Dushlaine et al., 2015; Purcell et al., 2009).

Implications for the Study of Causal Environmental Influences

Based on the available evidence, we hypothesize that environmental influences on
psychopathology that are not shared by family members are mostly dimension-specific and
contribute to differentiation and change in psychopathology over time. Furthermore, as
illustrated in Figure 3, there is evidence that both shared and nonshared environmental
factors influence multiple dimensions of psychopathology at the level of the general factor
and at the levels of externalizing or internalizing factors. The finding of substantial
dimension-specific environmental influences is consistent with the findings of some
longitudinal studies that most measured environmental variables were related specifically to
one disorder or one higher-order domain (Shanahan, Copeland, Costello, & Angold, 2008).
Not all environmental influences are likely to prove to be dimension-specific, however. The
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present causal taxonomy implies that, analogous to studies of molecular genetic risk
variants, progress in discovering causal environmental risk variables may be more rapid if
their associations with the hierarchy of phenotypes are studied (Lahey et al., 2011). For
example, three studies found child maltreatment to be a predictor of scores on the general
factor of psychopathology (Caspi et al., 2014; Lahey et al., 2012; Waldman et al., in press).
These findings are consistent with the results of many studies that suggest that child abuse
and neglect are related nonspecifically to future psychopathology (McLaughlin, 2016). In
considering such findings on measured variables thought to reflect environmental influences,
however, it is important to keep in mind that they could reflect gene-environment
correlations instead of causal environmental influences (D’Onofrio, Lahey, Turkheimer, &
Lichtenstein, 2013; McAdams, Gregory, & Eley, 2013; Plomin et al., 1977; Power et al.,
2013). Therefore, much remains to be learned about environmental risks for
psychopathology from studies using designs that support strong causal inferences
(D’Onofrio, Lahey, Turkheimer, & Lichtenstein, 2013; Jaffee et al., 2012). One informative
strategy would be to use multivariate biometric analyses of twin data to determine if
observed correlations of phenotypic general, internalizing, and externalizing dimensions
with putative environmental risk variables are due to genetic or environmental influences
shared with the phenotypic dimensions (Neale & Cardon, 1992). In addition studies are
needed that can address both gene-environment correlation and interaction (Plomin et al.,
1977; Rutter, 2007a; Tarantino et al., 2014; Zheng, Van Hulle, & Rathouz, 2015).

Implications for the Study of Psychobiological Mechanisms

A key implication of the present hierarchical causal taxonomy is that each first-order
dimension of psychopathology does not have its own unique pathophysiology. Dimensions
of psychopathology are too highly correlated and there is too much sharing of etiologic
processes at multiple levels not to hypothesize that variations in some neurobiological
systems nonspecifically underlie multiple dimensions of psychopathology (Buckholtz &
Meyer-Lindenberg, 2012). Thus, we expect individual differences in some neural networks
to be related to all dimensions of psychopathology, other neural networks to be related to all
internalizing dimensions, and others to be related to all externalizing dimensions. That is,
consistent with the NIMH RDoC initiative (Cuthbert & Kozak, 2013), the current causal
taxonomy asserts that the functioning of some number of transdimensional psychobiological
systems aligned with these three levels of the causal taxonomy will be found to underlie
multiple first-order dimensions of psychopathology. In contrast, it also is important to
consider that each first- or higher-order factor of psychopathology—general, internalizing,
and externalizing—may be related to individual differences in multip/e psychobiological
systems. For example, there is evidence that the general factor of psychopathology is likely
related to the psychobiological systems that underlie both negative emotionality (Caspi et
al., 2014; Tackett et al., 2013) and aspects of cognitive ability (Caspi et al., 2014; Lahey et
al., 2015). In some cases, psychobiological systems may be related to fine-grain subsets of
the larger set of symptoms that define a first-order dimension of psychopathology. In other
cases, they may be related to fine-grain subsets of symptoms that are part of the definition of
multiple first-order dimensions in the same higher-order domain (see Table 1) (Buckholtz &
Meyer-Lindenberg, 2012). Therefore, if research on psychobiological models is to move
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forward it will require specific hypotheses regarding the level of the hierarchical taxonomy
at which each mechanism plays a role.

Detecting associations between neural features and higher-order dimensions of symptoms
should be straightforward. The focus of most studies on the neural correlates of categorical
diagnoses rather than higher-order domains of psychopathology has often precluded the
ability to look for neural correlates at different levels of hierarchical taxonomy, however.
Nonetheless, three emerging lines of existing research suggest that at least some
psychobiological variables are related to higher-order factors:

1. Psychophysiological research: A recent review of “fear”-potentiated startle (in which
viewing a negatively-valenced scene enhances startle responses) provides an example of
possible relations of psychophysiological measures to higher-order dimensions of
psychopathology (Vaidyanathan, Nelson, & Patrick, 2012). Fear potentiated startle was
found to be enhanced in individuals who are high on the higher-order fears factor, even
though persons with specific phobias exhibited greater fear-potentiated startle than persons
with social anxiety disorder or panic disorder (Vaidyanathan, Nelson, et al., 2012). This
suggests that the biological mechanisms underlying startle may be expressed at the level of
the higher-order fears dimension level, on which specific phobia has a strong loading (Lahey
etal., 2012).

Similarly, analyses of P3 evoked response potentials (ERPSs) indicate that reduced amplitude
and phase locking of P3 waveforms during oddball tasks are common to all externalizing
disorders (Burwell, Malone, Bernat, & lacono, 2014; lacono, Carlson, Malone, & McGue,
2002). Biometric analyses further indicates that genetic influences contribute to the
correlation between externalizing symptoms and the P3 (Hicks et al., 2007). It is not yet
clear that P3 is specific to externalizing disorders as opposed to psychopathology in general,
however. There is also evidence that more peripheral indices of parasympathetic autonomic
control are related to the hierarchy of psychopathology dimensions. In particular, low levels
of tonic high-frequency heart rate variability (HF-HRV), and the reactive decline in HF-HRV
in response to challenge, appear to be related to both internalizing and externalizing
psychopathology (Beauchaine & Thayer, 2015). This suggests that HF-HRV, which is often
interpreted as reflecting deficient emotional regulation, may be nonspecifically associated
with all dimensions of psychopathology through the general factor.

2. MRI studies of brain structure: To date, most studies of the psychobiological correlates
of psychopathology have only examined a single diagnosis, but recent neuroimaging studies
have examined brain correlates of higher-order internalizing (Jensen et al., 2015) and
externalizing (Ameis et al., 2014) dimensions of psychopathology. Furthermore, a meta-
analysis of differences in brain structure assessed with voxel-based morphometry was
conducted using data from 193 studies of over 15,000 persons (Goodkind et al., 2015). This
revealed that gray matter reductions in several brain regions, particularly the anterior
cingulate and bilateral insula, were nonspecifically related to diagnoses of schizophrenia,
affective disorders, substance use disorders, and anxiety disorders. In contrast, gray matter
differences in only a few regions distinguished one disorder from another. Although these
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findings do not reveal if the structural differences are the cause, consequence, or some other
correlate of psychopathology, they suggest the important possibility that at least some
structural abnormalities are related to the general factor of psychopathology in a manner that
is consistent with the present causal taxonomy.

3. Functional MRI research: A series of studies suggest that it may be revealing to test
associations of data from functional MRI paradigms to higher-order dimensions of
psychopathology. Castellanos-Ryan and colleagues (Castellanos-Ryan et al., 2014)
examined whether a latent externalizing factor was related to functional MRI responses on
tasks related to inhibition and to reward in a large sample of adolescents. Scores on the latent
externalizing factor showed associations with differential responses during a stop-signal task
in a network of regions including the substantia nigra, subthalamic nucleus, and pre-
supplemental motor area. By contrast, other associations, such as reduced frontal activations
were more specifically linked to ADHD and CD symptoms, while individuals with
substance misuse showed lowered responses in the left inferior frontal gyrus during reward
anticipation on a monetary incentive delay task. In addition, one study has found an
association between higher-order externalizing psychopathology and variation in intrinsic
connectivity networks (Abram et al., 2015). A meta-analysis provides an elegant example of
cross-disorder convergence among specific phobia, social anxiety disorder, and PTSD (Etkin
& Wager, 2007). Examining activations during fear conditioning paradigms across studies,
common hyperactivation was found in all three internalizing diagnostic groups relative to
healthy controls in both the amygdala and insula bilaterally. Some evidence of disorder-
specific effects also was observed, with portions of the cingulate showing hypoactivation in
persons with PTSD, but not the other groups.

These studies suggest that it will be possible to identify transdiagnostic structural and
functional individual differences in psychobiological processes. There also is evidence that
these may be linked to dispositional dimensions, such as negative emotionality and positive
emotionality. For example, variations in the neural systems that support negative
emotionality should be related to all first-order dimensions through the general factor of
psychopathology, whereas neural systems underlying positive emotionality may be
specifically related inversely to MDD (Carl, Soskin, Kerns, & Barlow, 2013). The finding of
associations of many different forms of psychopathology with both structural and/or
functional abnormalities in the bilateral insula, amygdala, and anterior cingulate (Etkin &
Wager, 2007; Goodkind et al., 2015) is striking given: 1) the importance of these brain
regions in individual differences in negative emotionality (Eisenberger, Lieberman, &
Satpute, 2005; Feinstein, Stein, & Paulus, 2006; Haas, Omura, Constable, & Canli, 2007,
Kumari, Das, Wilson, Goswami, & Sharma, 2007; Paulus, Rogalsky, Simmons, Feinstein, &
Stein, 2003; Stein, Simmons, Feinstein, & Paulus, 2007), and 2) our hypothesis that the
disposition of negative emotionality is closely linked to the general factor of
psychopathology. Thus, these regions appear to be prime candidates for a role in the general
psychopathology factor.
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IMPLICATIONS FOR RESEARCH ON CLINICAL INTERVENTIONS

The full clinical implications of the proposed causal taxonomy of psychopathology will need
to be worked out after the model has been thoroughly tested. Some obvious implications of
the model and some key hypotheses can be discussed at this point, however. One immediate
implication is the value of broadly assessing a wide range of symptoms of psychopathology.
There are many reasons not to examine only the “presenting complaint,” of course, not the
least of which is the importance of not missing salient symptoms. The current taxonomy
further implies that children with higher overall numbers of symptoms may be at greater risk
for continuing difficulties. Indeed, the results of a longitudinal study of adults in NESARC
suggested that the general factor of psychopathology predicted future functioning over and
above predictions based on higher-order externalizing, distress, and fears disorders (Lahey et
al., 2012).

Furthermore, there is considerable evidence of nonspecific effects of some interventions. It
is well known that some pharmacologic agents labeled antidepressants also are effective in
treating some forms of anxiety (Barlow et al., 2004). In addition, proponents of the unified
approach to treatment have hypothesized that treatments designed to impact transdiagnostic
processes, such as negative emotionality that underlie multiple mental disorders, may
effectively reduce symptoms of multiple forms of psychopathology (Barlow et al., 2004;
Barlow, Sauer-Zavala, et al., 2014; Nolen-Hoeksema & Watkins, 2011). It also has long been
observed, for example, that effective treatments focused on a specific anxiety disorder also
produce collateral improvements in both co-occurring anxiety disorders and depression
(Barlow et al., 2004). Based on such observations, a unified treatment protocol for emotional
disorders designed to reduce negative emotionality was found to reduce a wide range of
anxiety and depression problems in a controlled trial (Bullis, Fortune, Farchione, & Barlow,
2014; Farchione et al., 2012).

CONCLUSIONS

We reviewed evidence on patterns of correlations among first-order dimensions and on the
sharing of causal influences to propose a causal taxonomy of prevalent forms of
psychopathology across the lifespan. We proposed a taxonomy in which phenotypic
correlations among diverse forms of psychopathology reflect a hierarchy of pleiotropic
etiologic influences. Some etiologic factors are hypothesized to nonspecifically increase risk
for all common first-order dimensions of psychopathology to varying degrees. Other
pleiotropic etiologic factors are hypothesized to nonspecifically increase risk only for all
dimensions within one more specific higher-order domain. Our review indicates that
pleiotropic etiologic influences are largely familial, including both genetic and shared
environmental influences common to family members. In contrast, environmental influences
unique to each family member tend to be more dimension-specific and thereby serve to
differentiate dimensions from one another. In addition, there are dimension-specific genetic
influences that serve to differentiate first-order dimensions of psychopathology.

The present causal taxonomy implies that a broad range of dimensions of psychopathology
previously thought to be distinct in their natures actually have at least partly shared
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etiologies and neurobiological mechanisms. This implication is particularly important
because it could change how the origins and nature of apparently diverse forms of
psychopathology are conceptualized and studied. If this view is supported in future studies,
more will be learned by studying the etiologies and mechanisms common to multiple forms
of psychopathology simultaneously than by only studying the etiology of one mental
disorder at a time. This can be accomplished far better in representative samples that are
large enough to include sufficient variation in all dimensions of psychopathology (or that are
selected through oversampling on risk for the full range of psychopathology) than in clinical
case-control samples, which bias correlations among first-order dimensions of
psychopathology.

These hypotheses do not mean that all dimensions of psychopathology are influenced by the
same genetic and environmental influences. Indeed, each dimension of psychopathology is
distinguishable because it has some dimension-specific etiologic influences. Moreover, there
is considerable variation in the degree to which the shared etiologic influences at different
levels of the hierarchy influence each dimension of psychopathology, which also
differentiates first-order dimensions. Thus, although simultaneously studying the etiology of
the full range of common dimensions of psychopathology is the surest way to identify both
shared and unique etiologic influences, each specific dimension (or perhaps even fine-grain
subsets of symptoms) will require a somewhat different focus at different levels of the
hierarchical causal taxonomy. The degree of emphasis at each level of the hierarchy for each
form of psychopathology can be derived from the causal taxonomy to guide research.

Limitations and Future Directions

An important goal for future research is to determine the extent to which different symptoms
and dimensions share causal influences due to pleiotropy (a single cause directly influences
dimensions A and B) versus causal chains (e.g., a cause influences dimension A, which
increases the likelihood of dimension B) (Bornstein, Hahn, & Wolke, 2013; Borshoom &
Cramer, 2013). Both mechanisms of shared causal influences are equally important to the
causal taxonomy and both imply that reducing the initial causal influence would reduce both
dimensions of psychopathology. Nonetheless, these two mechanisms of shared causes have
different implications for the development and application of more specific causal models
and interventions. For example, in the latter case, it may be possible to treat dimension A to
prevent dimension B, but this would not be true in the case of causal influences shared
through pleiotropy.

We advanced 12 hypotheses that constitute a causal taxonomy (Table 3). These include the
hypothesis that more serious forms of psychopathology (i.e., autism, mania, and
schizophrenia) share a large proportion of their causal influences with the general factor of
psychopathology. As noted in the introduction, the present review and taxonomy did not
adequately address personality disorders, however. Further elucidation of the joint
phenotypic and causal structure of the full range of dimensions of psychopathology,
including personality disorders, is a high priority for fully understanding the causal
taxonomy of maladaptive behavior. In particular, it is important to determine the degree to
which the general factor identified in a recent study of personality disorder symptoms (Sharp
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etal., 2015) is related to the general factor of psychopathology in ‘Axis I’ dimensions of
psychopathology.

Nearly all of the evidence on the shared causes of psychopathology reviewed in this paper
has come from twin and other family studies. Although such evidence is powerful, and is
consistent with the results of the smaller literature on molecular genetics, future studies
should include direct measures of both environments and molecular genetic variants as
rapidly as improving technologies and knowledge permit. Another powerful approach that is
needed in the near future is the use of neuroimaging to test the hypotheses of the causal
taxonomy regarding general and specific relations between neurobiological mechanisms and
psychopathology. Such studies would almost certainly benefit from the inclusion of a
transdimensional dispositional approach. Together, the results of such future studies should
provide the empirical basis for moving from a causal taxonomy to more specific causal
models of psychopathology.

Our goal in proposing this causal taxonomy is not to state conclusions, but to stimulate
attempts to refute the present hypotheses with data (Popper, 1963). If this causal taxonomy,
or a stronger alternative that emerges from tests of its hypotheses, is supported, the new
taxonomy would have very important implications for understanding the nature of
psychopathology. In turn, this knowledge can be expected to improve research, prevention,
and treatment of psychopathology. In order to advance research on treatment and prevention,
it will be necessary to move from a causal taxonomy to more detailed causal models. One
particular need will be to include hypotheses in those models regarding the causal factors
that foster homotypic and heterotypic continuity over time—i.e., persistence and lead to
worsening or improvement in symptoms over time—as these are prime targets for
interventions.
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Figurel.
Correlations among first-order latent dimensions of psychopathology identified in a sample

of 2,025 pairs of 6-17 year old twins based on adult caretaker reports (A) and youth reports
(B) of symptoms. Panel A redrawn from Figure 5 page 196 and panel B redrawn from
Figure 7 page 199 (Lahey, Rathouz, et al., 2008). Note: ODD = oppositional defiant
disorder; CD = conduct disorder; HI = hyperactivity-impulsivity; INATT = inattention;
MDD = major depressive disorder; GAD = generalized anxiety disorder; social = social
anxiety disorder; SAD = separation anxiety disorder; spec = specific phobia; agora =
agoraphobia.
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Best fitting models of the correlational structure of 11 categorical mental disorders in
confirmatory factor analyses of diagnosis data from wave 1 of the NESARC sample (A)
without a general psychopathology factor, and (B) with a general psychopathology factor.
Figure 1, page 973 (Lahey et al., 2012), used by permission.
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Figure 3.
Variance components from the best-fitting common pathways model from twin analyses of

combined parent and youth ratings of 11 dimensions of psychopathology in 9-17 year old
children and adolescents in the Tennessee Twin Study (Lahey, Rathouz, et al., 2008)
indicating the estimated proportion of phenotypic variance in each of the dimensions
explained by shared and dimension-specific additive genetic, shared environmental, and
nonshared environmental influences from each higher-order factor. The magnitude each
variance component is proportional to the width of the connecting arrow.
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Phenotypic correlations of three dispositional constructs measured by the Child and

Adolescent Dispositions Scale (Lahey, Applegate, et al., 2008) with latent factors from a
bifactor model of the phenotypic correlational structure among 11 first-order dimensions of
psychopathology (redrawn from Figure 2, Tackett et al., 2013).
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Table 3

Hypotheses of the causal taxonomy.

Hypotheses Based on Cross-sectional Evidence

1 First-order dimensions of psychopathology can be organized in a taxonomy that reflects a hierarchy of increasingly more specific
causal influences. Some etiologic factors nonspecifically increase risk for all common first-order dimensions of psychopathology to
varying degrees. Other etiologic factors nonspecifically increase risk only for the dimensions within one more specific higher-order
domain (e.g., externalizing or internalizing psychopathology). Still other causal influences are specific to each first-order dimension of
psychopathology.

N

The widespread sharing of pleiotropic etiologic influences by all common first-order dimensions of psychopathology is reflected in a
general factor of psychopathology that is related to varying degrees to at least all prevalent forms of psychopathology

3 Familial causal influences (i.e., genetic and environmental influences that are shared by family members) mostly influence risk for all
dimensions of psychopathology nonspecifically through the general factor and other higher-order factors of psychopathology.
Environmental influences that are not shared by family members also nonspecifically impact multiple dimensions of psychopathology
to a degree, but are relatively more dimension-specific and, thereby, play an important role in differentiating first-order dimensions of
psychopathology from one another.

4 Genetic influences also play a role in differentiating dimensions of psychopathology at two levels of the hierarchy: First, there are
genetic influences on risk for only the dimensions in one higher-order domain—differentiating all internalizing dimensions from all
externalizing dimensions, for example. Second, other genetic influences differentiate psychopathology because they are specific to only
one first-order dimension. Nonetheless, with a few notable exceptions, first-order dimension-specific genetic influences are modest.

(&)}

Mania, psychosis, and perhaps autism occur most often among individuals with high scores on the general factor of psychopathology,
even when the general factor is derived from the correlational structure of only common mental disorders (i.e., not including these
severe disorders). Therefore, causal risk factors for these severe disorders overlap substantially with the causal influences that
nonspecifically increase risk for all common dimensions of psychopathology through the general factor.

Hypotheses Regarding Heterogeneity in Casual Influences within Dimensions

6 The causal taxonomy implies substantial heterogeneity of causal influences and psychobiological mechanisms within each first-order
dimension of psychopathology. This is largely because each person exhibiting the same level of symptoms of a given first-order
dimension may be influenced by a different combination of etiologic influences from each of the three levels of the causal hierarchy
(i.e., the general factor, more specific higher-order factors, and dimension-specific causal influences).

7 Heterogeneity in the etiology and mechanisms of each first-order dimension also arises when more than one etiologic process operates
at any single level of the causal hierarchy. For example, the current evidence suggests that processes related to dispositional negative
emotionality and cognitive abilities each nonspecifically influence risk for every first-order dimension of psychopathology through the
general level of psychopathology. This would create causal and mechanistic heterogeneity due to varying levels of contributions of
these processes in different persons. The same is expected to be true at both higher-order and first-order dimension-specific levels of the
hierarchy. Such heterogeneity in causal influences and psychobiological mechanisms are sometimes revealed in variations in levels of
fine-grain subsets of symptoms across individuals that reflect each cause or mechanism.

Hypotheses Based on Longitudinal Evidence

8 Some shared and/or dimension-specific causal influences on each first-order psychopathology dimension are either fixed, relatively
unchanging, or have enduring effects on psychopathology, resulting in homotypic continuity over time. In contrast, both genetic and
environmental factors can have time-varying influences that cause heterotypic transitions in psychopathology over time.

9 The pattern of heterotypic transitions from one first-order dimension to another recapitulate the cross-sectional phenotypic structure of
psychopathology because the degree of heterotypic continuity from X to Y is proportional to the level of causal influences shared by X
and Y. As a result, time-varying causal influences are more likely to cause heterotypic transitions across pairs of dimensions within than
between higher-order domains. Nonetheless, heterotypic continuity also occurs across different higher-order domains because all first-
order dimensions share causal influences through the general factor.

Hypotheses Regarding Dispositional Constructs and Psychobiological Mechanisms
10Individual differences in dispositional constructs moderate environmental influences on psychopathology.

11Individual differences in some dispositional constructs, particularly negative emotionality, are related to risk for all dimensions of
psychopathology to varying degrees. In contrast, dispositional constructs related to constraint are inversely related to externalizing
dimensions and perhaps positively related to fear dimensions. Other dispositional constructs are more specific in their relations to
psychopathology, such as the inverse relation of positive emotionality to depression symptoms.

12The genetic and environmental influences on first-order dimensions of psychopathology are mediated by psychobiological constructs at
both behavioral (dispositional) and biological levels of analysis. Individual differences in some psychobiological systems are related to
risk for all common dimensions of psychopathology through the general factor, variations in other psychobiological systems are related
to all dimensions within more specific higher-order domains (e.g., internalizing and externalizing), whereas other psychobiological
mechanisms are dimension-specific. Given the robustness of the general and other higher-order factors of psychopathology at
phenotypic and causal levels, biological correlates of psychopathology are likely to account for at least as much variance at the level of
higher-order factors than at the level of first-order dimensions.
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