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Abstract

Objective—To construct a virtual space of common adolescent psychiatric disorders, spanned by
factors reflecting major psychopathological dimensions, and locate psychiatric disorders in that
space; examine whether the major psychopathological dimensions can be hierarchically organized;
and determine the distribution of the latent scores of individuals in the space spanned by those
dimensions.
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Method—Exploratory factor analyses of data from the National Comorbidity Survey Adolescent
Supplement (NCS-A) using the psychiatric diagnoses as indicators were used to identify the latent
major psychopathological dimensions. The loadings of the disorders on those dimensions were
used as coordinates to calculate the distance among disorders. The distribution of individuals in
the space was based on the latent scores on the factors reflecting the major psychopathological
conditions.

Results—A model with three correlated factors provided an excellent fit (Comparative Fit Index
[CFI]=0.97, Tucker-Lewis Index [TLI]=0.95, the root mean squared error of approximation
[RMSEA]=0.008) for the structure of disorders and a 4-factor model could be hierarchically
organized, ultimately yielding a general psychopathology factor. Distances between disorders
ranged from 0.079 (between social phobia and generalized anxiety disorder [GAD]) and 1.173
(between specific phobia and conduct disorder [CD]). At the individual level, there were 546
distinct liabilities observed (22% of all 2,455 potential liabilities).

Conclusion—A novel way of understanding psychiatric disorders in adolescents is as existing in
a space with a limited number of dimensions with no disorder aligning along one single
dimension. These dimensions are hierarchically organized, allowing for analyses at different levels
of organization. Furthermore, individuals with psychiatric disorders present with a broad range of
liabilities, reflecting the diversity of their clinical presentations.
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Introduction

Publication of the DSM-5! and initiatives to develop alternative conceptualizations of
psychopathology? have stimulated renewed interest in the nosology of psychiatric disorders.
This interest extends to a consideration of similarities and differences among disorders,3 4
the structure of their relationships,® 8 and reconciliation of the relatively low number of
common psychiatric disorders with the diversity of patients’ clinical presentations.?
Providing an empirical basis to address these questions can advance research into shared and
disorder-specific risk factors of mental disorders and investigations of their underlying
neurobiology.*

Studies examining the latent structure of psychiatric disorders in children® 7 and

adults® 10-15 have found that two to four underlying factors representing predispositions to
internalizing or externalizing psychopathology explain well the patterns of co-occurrence of
psychiatric disorders. However, to date, no study using a nationally representative sample
has examined whether those factors can be further refined into lower order, more specialized
factors or subsumed into a higher order, more general psychopathological factors. Those
factors would represent fundamental, core dimensions of psychopathology that could be the
target of etiological studies as well as preventive and treatment interventions.16: 17 Similarly,
no national study has developed or applied a formal measure of the relationships among
disorders,® examined the distribution of latent liabilities for psychiatric disorders among
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individuals in the community, or investigated how variation in liabilities is related to the
fundamental dimensions of psychopathology.

A recent study using the National Epidemiological Survey on Alcohol and Related
Conditions (NESARC) presented a new measure of similarity between psychiatric disorders
by identifying a limited number of underlying dimensions.1® The authors assigned to each
disorder a coordinate in each dimension based on the role that each dimension played in the
occurrence of the disorder. Comparing the location of disorders to one another along these
dimensions provided a formal measure of their proximity to one another and allowed for a
visual representation of those distances. This proximity served as a multivariate measure of
similarity among disorders, highlighted their interrelationships, and provided an intuitive
way to represent those relationships. However, that study focused on adults and did not
examine the distance among disorders or the distribution of liabilities among adolescents.

The onsets of several psychiatric disorders peak during adolescence.19 Moreover,
adolescence is characterized by critical changes in neural systems that control higher
cognitive functions including cognitive regulation of emotions, interpersonal and social
judgment, and assessment of risk versus reward.2 To assess whether the structure of
psychiatric disorders during this key neurodevelopmental period resembles the previously
described structure of adult psychiatric disorders,18 we used data from a large, nationally
representative sample of US adolescents, the National Comorbidity Survey Adolescent
Supplement (NCS-A).2 A previous report indicated the latent structure of the lifetime
comorbidity in the NCS-A sample included four factors, two representing internalizing
disorders (fear and distress) and two representing externalizing (behavior and substance use)
disorders.? We sought to build on those findings by addressing four important, unanswered
questions: 1) identifying the latent dimensions underlying 12-month common psychiatric
disorders in adolescents; 2) developing a space of psychiatric disorders based on those
dimensions; 3) investigating whether the dimensions could be hierarchically organized; and
4) examining the distribution of latent scores in the space spanned by those dimensions.

The NCS-A is a nationally representative sample of US adolescents aged 13-18 years.
Adolescents were interviewed between February 2001 and January 2004 in dual-frame
household and school samples described elsewhere.?1: 22 The household sample included
904 adolescents from households in the National Comorbidity Survey Replication (NCS-
R).23 The household sample included school drop-outs and adolescents residing in areas
where schools refused to participate. The school sample included 9,244 adolescents from a
representative sample of schools. The conditional adolescent response rate was 86.8% for
the household sample and 82.6% for the school sample.21: 22

One parent or surrogate of each participating adolescent was asked to complete a self-
administered questionnaire about the adolescent’s developmental history and mental health.
The conditional response rate was 82.5-83.7% (household and school samples respectively).
This report focuses on the 6,483 adolescent—parent pairs with complete data for both
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adolescents and parents. Incomplete parent participation was taken into account by
weighting procedures discussed in detail elsewhere.2L: 22 The protocol was approved by
human subjects committees of Harvard Medical School and the University of Michigan. The
sample was weighted to be nationally representative on sociodemographic variables.?1: 22

Diagnostic assessment

Adolescents were administered the Composite International Diagnostic Interview (CIDI),
adapted for adolescents in their homes24 by professional lay interviewers from the Survey
Research Center at the University of Michigan. Interviewers were extensively trained in
administration of the CIDI and other procedures prior to their participation in the study. The
CIDI assessed 12-month DSM-1V mood disorders (major depressive episode/dysthymia,
mania/hypomania), anxiety disorders (panic disorder with or without agoraphobia,
agoraphobia, social anxiety disorder, specific phobia, generalized anxiety disorder [GAD],
posttraumatic stress disorder [PTSD], separation anxiety disorder), behavior disorders
(attention-deficit/hyperactivity disorder [ADHD], oppositional defiant disorder [ODD],
conduct disorder [CD]), eating disorders and substance use disorders (alcohol and drug
abuse and dependence, nicotine dependence). Computer algorithms transformed responses
from the CIDI interview into DSM-1V diagnoses.2>

Adolescent interviews, which lasted an average of 2.5 hours, assessed each of these
disorders.25 Parent questionnaires assessed only disorders for which parent reports have
previously been found important in diagnosis: behavior disorders26 and depression/
dysthymia.2” Because prior research has indicated that adolescents may be the most accurate
informants concerning their emotional symptoms, only adolescent reports were used to
assess diagnostic criteria for depression and anxiety disorders. By contrast, parent and
adolescent reports were combined at the symptom level using an ‘or’ rule (except in the case
of ADHD, where only parent reports were used based on evidence of low validity of
adolescent reports), as both improve the validity of the diagnoses.® A clinical reappraisal
study indicated that concordance was good between survey and clinical diagnoses.28

Statistical Analyses

Identification of Dimensions and Location of Disorders—In accordance with
previous work,18 we used exploratory factor analysis (EFA), using all disorders assessed in
the NCS-A as indicators to identify the latent factors. Factor selection was guided by
examination of fit indices and interpretability. Each factor was subsequently interpreted as a
latent dimension. Those dimensions were used as axes to span a space that was subsequently
used to calculate the distance between each disorder and each axis, as well as between all
pairs of disorders.

The loadings of the disorders on the factors were used as the system of coordinates to locate
each disorder in the space spanned by the factors. Larger positive values of the coordinates
indicate stronger association of a disorder with that dimension, whereas negative values
indicate an inverse association with the disorder. To estimate the proximity of two disorders,
we calculated the distance between them as the square root of the sum of squares of their
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coordinates.2? Smaller distances indicate disorders that are closer together; larger distances
indicate disorders further apart.

The default estimator for EFA was the weighted least squares (WLSMV), a robust estimator
that does not assume normally distributed variables.30 The fit indices used for model
evaluation were the Comparative Fit Index (CFI), the Tucker—Lewis Index (TLI), and the
root mean squared error of approximation (RMSEA). All analyses were conducted using
Mplus 7.1 to correct estimates for the non-independence of the data and sampling weights
resulting from the complex sample design of the NCS-A.30

Hierarchical models

Based on the results of the EFA, we fit a confirmatory higher-order factor model that
incorporated successively broader dimensions of psychopathology. The fit indices used for
model evaluation were the same as in the EFA.

Distribution of individual liability scores

Results

While the loadings of the disorders on the factors provide information on the structure of
psychopathology, they do not provide information on the distribution of individuals in the
space of disorders. To provide this information, we used the factor score estimates (i.e.
“liability scores™) of each individual on each factor and plotted those scores in the virtual
space generated by the EFA. This scatterplot provides a graphical representation of the
multivariate distribution of individual liabilities for the psychiatric disorders. Because the
prevalence of psychiatric disorders varies by gender,3! we tested whether the mean liability
scores also differed by gender.

The variability in the distribution of liability scores is bounded by the number of individuals
with at least one disorder as well as by the number of possible combinations of disorders.
Thus, we calculated the proportion of distinct liability scores actually relative to both. The
number of theoretically possible scores (65,520) can be calculated as ©>C(x,16) where C
represents the combinatorial operation and with x ranging from 0 to 16, i.e., all potential
combinations of co-occurrence of disorders. Additional details about the statistical modeling
are available on request.

12-month prevalence of disorders and Identification of Dimensions

As previously reported,3! the NCS-A was broadly representative of the US population of
adolescents aged 13 to 17 years. Females composed 51.1% of the sample. Non-Hispanic
whites comprised the largest racial/ethnic group (55.7%), followed by Non-Hispanic blacks
(19.3%), Hispanics (18.9%) and others (6.1%). There was a broad range of 12-month
prevalence among the disorders examined. The most prevalent disorder was specific phobia
(15.8%), followed by ODD (8.3%), social anxiety disorder (8.2%), major depressive
disorder (MDD)/dysthymia (8.2%), ADHD (6.5%), drug use disorder (5.7%), CD (5.4%),
nicotine dependence (5.1%), alcohol use disorders (4.7%), PTSD (3.9%), eating disorders
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(2.8%), mania/hypomania (2.1%), panic disorder (1.9%), agoraphobia (1.8%), separation
anxiety disorder (1.6%), and GAD (1.1%).

The eigenvalues for the first five factors were 5.6, 2.4, 1.4, 1.2 and 1.1. Fit indices indicated
that one- and two-factor models had modest fit (CFI1=0.81, TL1=0.78, RMSEA=0.017 and
CFI1=0.94, TL1=0.92, RMSEA=0.010), whereas models with three (CFI=0.97, TLI1=0.95,
RMSEA=0.008), four (CFI=0.99, TLI=0.97, RMSEA=0.006), and five (CF1=0.99,
TLI=0.97, RMSEA=0.006) factors provided excellent and comparable fit (Table 1). In the
three-factor model, factor 1 defined an internalizing dimension, whereas factor 2 subdivided
into two externalizing factors, one of which had loadings for all externalizing disorders (i.e.,
a generalized externalizing factor), whereas the other had additional significant loadings for
substance use disorders (i.e., substance-specific liability). The four-factor model was similar
to the three-factor model but with the internalizing factor subdividing into two factors
including one with loadings on the mood and eating disorders, PTSD, and separation anxiety
disorder, and the other with loadings on the specific phobia, agoraphaobia, social anxiety
disorder, and panic disorder. In the four-factor model, the externalizing factor subdivided
into a substance use disorder factor and a factor with loadings on ADHD, CD, and ODD.
The five-factor model was similar to the four-factor model, but eating disorders had a large
loading on the fifth factor. No other disorder had any meaningful loading on the fifth factor.
Because the four-factor model is a refinement of the three-factor model but four dimensions
cannot be represented graphically, we present the location of the disorders and the
distribution of individuals in the space based on the three-factor model.

Based on these results, the three- and four-factor EFA models were further evaluated using
CFA in order to build the hierarchical models. The 3-factor EFA model had significant cross
loadings between the 2"d and 3" “externalizing” factors, which did not suggest simple
structure, whereas the four-factor model distinctly separated the factors into simple
structure. Fixing all non-bolded values in Table 1 to zero, the CFA for the four-factor model
had a slightly better fit (CFI=0.96, TL1=0.95, RMSEA=0.008) than the three-factor model
(CFI=0.94, TL1=0.93, RMSEA=0.010). We used the four-factor CFA model to build
higher-order hierarchical models. Data on the distribution of individual liabilities based on
the four-factor model are available on request.

Coordinates and Distance between Disorders

The coordinates for each disorder can be derived from Table 1. In the three-factor model,
graphically represented in Figure 1, the coordinates for GAD are 0.638, 0.107, and 0.0035,
whereas for nicotine dependence, they are respectively 0.014, 0.671 and 0.445. There was
broad variation in the pattern of coordinates. Some disorders, such as GAD and CD, had
coordinates with large values in one dimension but low in the others. Other disorders, such
as drug use disorders, had coordinates with moderate to large values in more than one
dimension.

Table 2 presents the Euclidian distance between all pairs of disorders in the three-factor
model. Because Euclidian distances are symmetric, only the cells below the matrix diagonal
are presented. Although there was a wide range of distances between pairs of disorders,
from social anxiety disorder and GAD (0.079) to specific phobia and CD (1.173), the overall

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Blanco et al.

Page 7

pattern indicated that disorders traditionally considered within the same group and included
in the same DSM-IV chapter (e.g., drug use disorders and alcohol use disorders) tended to
have smaller distances separating them than did disorders considered less similar such as
GAD and nicotine dependence. The correlation between distances calculated using the 3-
factor model and 4-factor model (available on request) was 0.89, indicating that the location
of disorders in the space did not substantially depend on dimensionality.

Distribution of individuals in the space of disorders

Of the 6,483 participants in the NCS-A, 2,454 had at least one psychiatric disorder,
indicating that there could be at most 2,455 different liabilities (since individuals with no
disorders would all have the same liability). Women had higher average scores on the
internalizing factor (0.22 versus 0.04, p<.001), and on the substance abuse liability factor
(0.06 versus 0.02, p<.005). There were no differences in the general externalizing factor
(0.19 versus 0.20, p=.5). When examining the distribution of liabilities, we found 546
different liabilities, representing 22% (546/2455) of all potential liabilities among
individuals in the sample (Figure 2), but only 0.83% (546/65520) of all theoretically
possible liabilities.

Hierarchical model

A CFA subsuming the four factors identified in the EFA into two higher-order factors, one
representing the internalizing dimension and the other representing the externalizing
dimension, provided a good fit (CFI=0.96, TL1=0.95, RMSEA=0.008). These two correlated
factors could equivalently be used to identify a third-order model with one general
psychopathology factor (Figure 3).

Discussion

This is the first study to use a formal measure of similarity of proximity between disorders
in a nationally representative sample of adolescents, and to examine the distribution of
liability to psychiatric disorders in that sample. We found that interrelationships among 12-
month psychiatric disorders were well described by three or four correlated dimensions
representing different facets of underlying internalizing and externalizing dimensions. When
the factors were used to span a space and their loadings used as the coordinates in that space,
disorders included in the same DSM-IV diagnostic classes tended to have smaller distances
among themselves than from disorders in other chapters. The factors could be organized
hierarchically, yielding progressively more general dimensions of psychopathology.
Furthermore, representation of individuals of the sample in the space revealed a broad
diversity of individual liabilities.

The dimensions identified were similar to those found in previous studies in adults8 and
adolescents,? 32 including an analysis of the lifetime comorbidity in this sample,? although
in contrast to most prior analyses, we identified two externalizing factors, one more
substance use-related and the other more closely related to disruptive behaviors.33 Using a
recently developed approach, we used the loadings to obtain estimates of the relative
importance of each dimension for each disorder and to create a space in which psychiatric
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disorders could be placed.18 In accordance with previous results in adults,3* no disorder was
perfectly aligned in one dimension. Instead, each disorder was better understood from the
perspective of a multidimensional space similar to that of the mood circumplex concept that
provides a multidimensional structure of emotion.3° As a result, although disorders were
generally located near those in the same DSM-IV chapter, some relationships, such as the
proximity between mania/hypomania and eating disorders, crossed chapters. This
association is consistent with the suggestion that bipolar and eating disorders are
pathophysiologically related conditions.36: 37

A novel finding of our study was that the four latent dimensions could be subsumed into
progressively higher-order factors, suggesting that psychopathology may be viewed as
including at least four different levels of organization, from disorder to the more general
psychopathology factor. These complementary levels of organization capture different levels
of abstraction and may be appropriate for different clinical and research purposes.1’ For
example, specific diagnostic categories may be useful for clinicians confronting therapeutic
choices for individual patients, whereas higher order dimensions may be preferable for
etiological or treatment research.

A second novel finding was that when considering the number of individuals with at least
one disorder, there was a broad distribution of liability scores, reflecting diversity in the
individual-level combination of observed disorders. Furthermore, most adolescents had
liabilities across all factors, although individuals greatly varied with respect to the dimension
with the highest liability. However, when considering all the theoretically possible
liabilities, less than 1% were actually realized. Taken together, our findings may help
reconcile the tension between dimensional and categorical (i.e., diagnosis-based) approaches
to psychopathology and between the relatively restricted number of diagnostic entities and
the broad variety and complexity of clinical presentations. At the same time, even the
diversity of observed presentations represents only a fraction of all theoretical presentations,
suggesting that clinical presentations tend to follow certain predetermined patterns of
aggregation.

The results have nosological, etiological, and clinical implications for adolescent psychiatric
disorders. From the nosological point of view, the latent structure of psychiatric disorders
from adolescence onward appears to be well described by a limited number of underlying
correlated dimensions corresponding to internalizing and externalizing predispositions that
have a long history in child and adolescent psychiatric nosology.38 The results are also in
line with findings in adults indicating that no disorder is perfectly aligned along one
dimension, but rather that each disorder represents a defined level of a broader space.18: 34
Longitudinal studies should examine whether the correlation between the internalizing and
externalizing dimensions are a result of an initial shared liability that progressively
differentiates over time or a consequence of disorders in one dimension causing disorders in
other dimensions.

From an etiological perspective, the resemblance of latent dimensions in adolescence and
adulthood suggests temporal continuity in the structure of disorders. The brain circuits,
psychological structures, and vulnerabilities underlying the common disorders appear to be
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relatively well defined by adolescence, 20 although their strength and interrelationships
can vary over developmental stages.39-41 An important direction for future research will be
to identify brain circuits that are central to the broad latent structures and the genetic and
environmental factors that lead to abnormalities in the structure or function of these circuits
using a developmental perspective. The hierarchical organization of psychopathology also
suggests that there will be disruptions in some brain circuits or environmental conditions
that serve as risk factors at the level of broad structures, whereas others will be specific to
discrete disorders.#2 The application of the methods described in this study to a range of
biological measures at multiple levels may also help advance new initiatives for improved
classification and treatment of psychiatric disorders.2: 43-45

From a clinical perspective, knowledge of the proximity among adolescent psychiatric
disorders may help narrow differential diagnoses or prompt consideration of potential
comorbidities, especially disorders that are closely located and therefore likely to co-occur.
An understanding of proximity among disorders can also help inform treatment development
and prevention strategies. Disorders that are more closely related are more likely to share
risk factors or psychopathological mechanisms. Furthermore, because different risk factors
are likely to act at different levels of psychopathology,” interventions that address risk
factors that act at the broader, more general level may have the greatest impact at
ameliorating comorbid disorders or decreasing liability to future closely related psychiatric
disorders. Finally, because there appears to be continuity in the latent structure of disorders
between adolescence and adulthood,8: 11 18 interventions that prevent or treat
psychopathology in adolescents may decrease the risk of psychiatric disorders in adults.

Our study should be understood in the context of several limitations. First, the school-level
response was relatively low, and the sample excluded adolescents not enrolled in school,
which may reduce the external validity of the findings. Second, diagnoses were based on
structured interviews, rather than on clinical assessments, although prior methodological
work has shown good concordance of the interviews with clinical diagnoses.28 Third, the
assessment of psychiatric disorders, while broad, was not exhaustive. Some disorders with
childhood or adolescent onset, such as obsessive-compulsive disorder and autism, were not
included in this study. Fourth, the assessments were cross-sectional. Replication of the
analyses in prospective samples would be informative. Fifth, some categories (e.g., eating
disorders, drug use disorders) had to be presented in aggregate to allow for stable estimates.
Larger sample sizes may allow for the location of finer-grained categories. Sixth, although
this analysis helps reconcile the existence of a limited number of underlying liabilities and
diagnostic categories with the diversity of clinical presentations, it does not address the
existence of heterogeneity within each diagnostic category.

Despite these limitations, this study advances our understanding of the structure of
psychiatric disorders. Our study suggests that a novel way of understanding psychiatric
disorders in adolescents is as existing in a space with a limited number of dimensions with
no disorder aligning along one single dimension. These dimensions are hierarchically
organized, allowing for analyses at different levels of organization. Furthermore, young
people with psychiatric disorders present with a broad of range of liabilities, reflecting the
diversity of their clinical presentations. This information may be useful in reconciling
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tegorical and dimensional approaches to psychiatric diagnoses of adolescents and
ggesting new avenues for etiological and treatment research.
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Figure 1.

Three-dimensional representation of the space of common psychiatric disorders in the

1.0
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Generalized Externalizing Factor

National Comorbidity Survey Replication Adolescent Supplement (NCS-A) using the 3-
factor exploratory factor analysis (EFA) model. Note: 1. Major depressive episode/

dysthymia; 2. generalized anxiety disorder; 3. mania/hypomania; 4. specific phobia; 5.

agoraphobia (with/without panic disorder); 6. social anxiety disorder; 7. panic disorder; 8.
separation disorder; 9. posttraumatic stress disorder; 10. eating disorder; 11. Attention-
deficit/hyperactivity disorder; 12. oppositional defiant disorder; 13. conduct disorder; 14.

drug use disorder; 15. alcohol use disorder; 16. nicotine dependence.
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Figure 2.

Factor scores of 6,483 participants in the National Comorbidity Survey Replication
Adolescent Supplement (NCS-A), derived from the 3-factor exploratory factor analysis
(EFA) model.
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General
Psychopathology

Internallzmg Externalizing

Fear Behavioral
Disorders Disorders

Dlstress Substance

Dlsorders Disorders

./Y

MDE/ Eating Mania/ PTSD Separation Specific Social Panic Agora- c || ADHD Druguse || Alcohol Nicotine
dysthymia disorders || hypomania anxiety phobia anxiety || disorder | phobia disorder || disorder || depend.

The hierarchical structure of common psychiatric disorders in adolescence. Note: ADHD =
attention-deficit/hyperactivity disorder; CD = conduct disorder; GAD = generalized anxiety
disorder; MDE = major depressive episode; ODD = oppositional defiant disorder; PTSD =
posttraumatic stress disorder.
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