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oBJECTIVES: To examine patterns of associations between a broad range of mental and physical
conditions by using a large, systematically obtained pediatric registry.

MeTHODS: The sample included 9014 youth ages 8 to 21 years (4349 males and 4665 females; 3585
aged <13 years, 3678 aged 13 to 18 years, and 1751 aged 19 to 21 years) from the Philadelphia
Neurodevelopmental Cohort identified through pediatric clinics at the Children’s Hospital of
Philadelphia health care network by the Center for Applied Genomics. Measures were as follows:
physical condition based on electronic medical records and interview data on 42 physical conditions
of 14 organ systems/specialties and mental disorders based on an abbreviated version of the
structured Kiddie-Schedule for Affective Disorders and Schizophrenia psychiatric diagnostic interview.

resuLts: There was a direct association between the severity of the physical condition and most
classes of mental disorders, as well as with functional impairment. Models adjusted for
sociodemographic correlates, other physical and mental disorders, and false discovery and
revealed broad patterns of associations between neurodevelopmental disorders with behavior
disorders (odds ratio [OR]: 1.5; 95% confidence interval [CI]: 1.3-1.8; P < .004) and attention-
deficit/hyperactivity disorder (OR: 3.1; 95% CI: 2.7-3.6; P < .0001), and neurologic/central
nervous system conditions (OR: 1.3; 95% CI: 1.1-1.9; P < .05) with mood disorders and attention-
deficit/hyperactivity disorder (OR: 1.3; 95% CI: 1.1-1.5; P < .001), and autoimmune/
inflammatory conditions with mood disorders (OR: 1.4; 95% CI: 1.1-1.8, P < .05).

concrusions: Findings show the strong overlap between physical and mental conditions and
their impact on severity and functional impairment in youth. Specific patterns of comorbidity
have important implications for etiology. Prospective tracking of cross-disorder morbidity will
be important to establish more effective mechanisms for prevention and intervention.
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A recent comprehensive review of
comorbidity of mental and physical
conditions from the Robert Wood
Johnson Foundation Synthesis
Project! documented the high
prevalence, complex causal
connections, and high individual and
societal costs of comorbid disorders
in adults. In fact, comorbidity is
perhaps the major challenge to
effective implementation of the
Affordable Health Care Act in the
United States.2 An evidence base
regarding the patterns and correlates
of comorbidity is therefore critical to
our understanding of the
pathogenesis of human chronic
diseases and, consequently, central to
their prevention and treatment.

Systematic reviews of specific
physical and/or mental disorders,3-11
as well as studies of clinical’2-16 and
community samples,17-26 have also
demonstrated both the co-occurrence
and consequences of comorbidity in
youth. However, much of the current
evidence is based on cross-sectional
assessment of small numbers of cases
and self-reported disorders rather
than systematic diagnostic
assessments. Moreover, previous
research is challenged by a lack of
comparability of diagnostic
information on mental and physical
disorders, failure to include

a comprehensive range of both
mental and physical conditions, and
perhaps most important, limited
information on the order of onset and
evolution of these conditions across
the life span.

The Philadelphia Neurodevelopmental
Cohort (PNC) provides a unique
resource to fill this gap. The PNC is
a Grand Opportunity National
Institute of Mental Health-funded
collaborative study that directly
assessed a large sample of youth
ascertained through the Children’s
Hospital of Philadelphia (CHOP)
network. This article presents the
results on comorbidity of

a comprehensive range of mental and
physical disorders in the PNC. To our
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knowledge, this is the first study to
investigate the specificity of
associations between a broad range
of mental and physical conditions by
using a large, systematically obtained
pediatric sample with enriched
electronic medical record (EMR) and
direct interview information.

METHODS

Sample

The PNC study characterizes clinical
and neurobehavioral phenotypes in
a prospectively accrued community
cohort of 8- to 21-year-old youth.27.28
The Center of Applied Genomics
identified the sample through
pediatric clinics within the CHOP
health care network. Their team
enrolled and genotyped 50 293
children who provided written
informed consent/assent authorizing
access to EMRs and to be recontacted
for future studies. Seventy percent
were ascertained through outpatient
medicine and 30% through
preoperative surgery clinics. Notably,
participants were not recruited from
psychiatric clinics. EMRs of

a randomly selected sample of the
total registry stratified by age, gender,
and ethnicity were screened to select
a quasi-epidemiologic sample of
children representative of the greater
Philadelphia area from all routine
well-child and illness-related
pediatric visits. Inclusion criteria
were that the youth were ambulatory,
in stable health, proficient in English,
and able to complete the study
procedures including computerized
neurocognitive testing. Therefore,
children with severe developmental
delay, significant hearing loss, or
limited mobility were not invited to
participate in the study. A total of 19
161 youth met these criteria. Eligible
participants were initially contacted
by letter and a follow-up phone call,
and they were enrolled consecutively
between November 2009 and
November 2011 consented to an
interview at either the University of
Pennsylvania or in their homes. The

present study included 9014 children
who provided complete information
on mental and physical disorders. Of
the remaining sample who met age
and medical record eligibility criteria,
reasons for noninterview included the
following: our inability to locate the
youth and/or their parents (43%),
18% declined, 10% had moved out of
region, 9% were repeated no-shows,
5% were excluded due to age change
or medical reasons or cognitive
disturbances that precluded their
ability to complete the study
assessments, and 15% were still in the
process of potential enrollment at the
time of this work.

Mental Disorder Assessment

The interview (GO-ASSESS) included
a timeline of life events, demographic
characteristics, medical and
medication history, an abbreviated
structured interview on the full range
of mental disorders, the Children’s
Global Assessment Scale (CGAS),2°
and interviewer observations. An
abbreviated computerized version of
the Kiddie version of the Schedule for
Affective Disorders and Schizophrenia
(K-SADS) using a structured
screener3? was administered face-to-
face to the youth and/or caretakers to
collect diagnostic information to
derive dimensional ratings of indices
of Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition
(DSM-1V), mental disorders.31.32 More
details on the training and interrater
reliability of the interviewers are
described in another publication on
the study methods.33 After obtaining
written legal guardian consent and
youth assent, parents or caretakers
were interviewed to provide
diagnostic information on
participating youth ages 8 to 17
years, and those aged 11 to 21 years
were also interviewed directly.
Disorder modules included 6
overarching categories: anxiety
(agoraphobia, generalized anxiety
disorder, obsessive compulsive
disorder, panic disorder,
posttraumatic stress disorder,

MERIKANGAS et al



separation anxiety disorder, social
phobia, and specific phobia), mood
(major depression, mania), behavior
(conduct, oppositional defiant
disorder), attention-deficit/
hyperactivity disorder (ADHD), eating
disorders (anorexia, bulimia), and
subclincal psychotic spectrum
symptoms (possible or definite
hallucinations and/or delusions).
Diagnostic algorithms for DSM-IV
indices of mental disorders
incorporated endorsement of screen
questions, symptom count, duration,
distress, and impairment. Disorders
were rated on the following
dimensional coding scheme: 0 = none,
1 = endorsed, 2 = subthreshold,

3 = threshold, and 4 = significant.
Computerized algorithms were
applied to diagnostic information that
was obtained from the abbreviated K-
SADS interviews to generate
diagnosis variables. Comparison of
the diagnostic variables based on the
abbreviated K-SADS interview with
those based on the full Composite
International Diagnostic
Interview-Adolescent version with
the use of data from the National
Comorbidity Survey-Adolescent
Supplement yielded fair (ie, eating
disorders) to excellent (ie, ADHD)
area under the receiver operator
characteristic curve values for the
major classes of disorders3%32 (data
available upon request). More
extensive information on psychosis
spectrum symptoms was obtained via
embedded screening tools, including
a revised version34 of the PRIME
subpsychosis screen,3> and 6
negative/disorganized assessor-rated
scales from the Structured Interview
for Prodromal Syndromes (SIPS).36
These symptoms that have not been
routinely collected in previous
population or primary care samples
in the United States were obtained to
establish a baseline for subsequent
follow-up by the University of
Pennsylvania study team. The
institutional review boards of the
University of Pennsylvania and CHOP
approved these procedures.
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Physical Conditions

Information from electronic searches
of the CHOP EMRs and parent (for
youth aged 8-17 years) or
respondent (youth aged 18-21 years)
interviews on subsequent diagnoses
of physical conditions was obtained
on 42 conditions that were classified
into 14 organ systems/specialties
(allergy/immunology, cardiology,
endocrine/metabolism, ear/nose/
throat, gastroenterology, hematology,
nephrology, neurology, oncology,
orthopedics, pediatrics,
pulmonology/airways, surgery, and
urology). For any condition with
insufficient diagnostic information
from electronic searches, manual
review of the EMRs’ International
Classification of Diseases, Ninth
Revision, codes was completed by
nurses and other qualified medical
staff. Discrepant information, which
occurred in ~5% of cases, was
reconciled by physician review.
Parent report was also used to
identify disorders that were
diagnosed after the last evaluation at
CHOP. An index of the overall severity
of physical conditions was created
with the following levels: 1 = none, no
ongoing physical conditions requiring
sustained intervention or
interference with overall functioning;
2 = mild, conditions requiring
pediatric visits and, at times,
medications but mild in severity;

3 = moderate, multiple physical
conditions requiring standing
medications and monitoring; and

4 = severe, physical conditions that
can be life-threatening requiring
multiple procedures and monitoring.

Statistical Analysis

Statistical analyses were conducted
with the SAS software package,
version 9.3 (The SAS Inc., Cary, NC).
Mental disorders were dichotomized
as present (rating = 4, significant)
and absent (rating = 0, 1, 2, or 3),
whereas physical conditions were
dichotomized as present (rating =3 or
4, moderate or severe) and absent
(rating = 1 or 2, none or mild) for

these analyses. Subclinical psychotic
spectrum symptoms were defined as
present if any of the screening
symptoms with the diagnostic
interview, SIPS, or PRIME screen were
endorsed. These symptoms are not
indicative of current psychosis but
rather are used in aggregate as
indicators of subsequent psychotic
disorders. Cross-tabulations were
used to calculate the lifetime
prevalence of 14 organ system/
specialty physical conditions, 5 major
classes of mental disorders, and

a CGAS =70, which indicates
functional impairment in at least

1 domain (at home, at school, or with
peers). Logistic regression analysis
was used to examine demographic
correlates and comorbidity of
physical and mental disorders. The
outcome variables included CGAS
=70 and the major classes of mental
disorders. The main predictor
variables were physical conditions
and their overall severity. Models
predicting the CGAS =70 were based
on multiple logistic regressions that
simultaneously controlled for
demographic characteristics (age,
gender, race/ethnicity, and maternal
education) and all 14 categories of
physical conditions; models
predicting major classes of mental
disorders were additionally adjusted
for comorbid mental disorders. Odds
ratios (ORs) and 95% confidence
intervals (ClIs) were calculated from
exponentiated logistic regression
coefficients for ease of interpretation.
The Benjamini-Hochberg false
discovery rate (FDR) procedure was
applied to account for false positives
due to multiple significance testing.3”
Statistical significance was based on
2-sided FDR-adjusted P values at

a level of .05.

RESULTS

The total and gender- and age-specific
prevalence of physical and mental
disorders, including the proportion
with CGAS scores =70 and their
associations with gender and age, are
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presented in Table 1. Nearly 1 in 5
youth experienced a neurologic/
central nervous system (CNS; 19.6%)
or developmental condition (18.0%).
Fifteen percent had birth anomalies,
including broad “birth defects” or
complications during birth. Fewer
were affected by disorders of other
organ systems, ranging from
endocrine/metabolic (6.1%) to
autoimmune/inflammatory (8.9%)
conditions. Although the prevalence
of seasonal allergies or allergies to
foods was high (61.7%), few had
moderate or severe ratings (0.9%).
CNS, developmental,
gastroenterologic, and hematologic
conditions were more common in
males than in females, whereas
females had higher rates of
autoimmune/inflammatory,
endocrine/metabolic, nephrology/
urologic, and orthopedic conditions.
Compared with the oldest age group
(>18 years), younger age groups
were more likely to have birth
anomalies and developmental
conditions, whereas older youth had
higher rates of immunologic,
cardiologic, gastroenterologic, or
oncologic disorders relative to their
younger counterparts.

Behavior disorders were the most
frequent mental disorder among

youth (18.2%), followed by ADHD
(17.6%), mood disorders (12.4%),
and anxiety disorders (11.7%).

A total of 21.4% of youth screened
positive for subclinical psychosis
spectrum symptoms. Relative to
females, male adolescents had greater
rates of ADHD, behavior disorders,
and subclinical psychotic spectrum
symptoms and lower rates of mood
and anxiety disorders. The prevalence
of mood disorders increased
uniformly with age, whereas the
prevalence of ADHD decreased with
age by a similar magnitude. Relative
to the oldest age group (>18 years),
youth in the youngest age group
(<13 years) and the middle age
group (13-18 years) had higher rates
of behavior disorders. Approximately
1in 4 to 5 youth in the overall sample
had at least minimal functional
impairment.

Figure 1 presents the proportion of
youth with mental disorders by
the severity of the physical
condition. There was a direct
increase in the prevalence of mental
disorders by the severity of
aggregate physical conditions.
A 1.5-fold greater proportion of
youth with severe physical
conditions (ie, 30%) scored CGAS
=70 indicating functioning

H None/Mild (0-1)

M Moderate (2) Severe (3-4)

impairment than those with mild or
no physical conditions.

The associations of mental disorders
and specific physical conditions are
presented in Table 2. Youth with
severe CNS (eg, 33.6%) and
developmental (eg, 44.7%) disorders
were significantly more likely to have
a score of CGAS =70 indicating
functional impairment than those
without these conditions. Youth with
CNS conditions were more likely to
have ADHD (adjusted OR [aOR]: 1.3;
95% CIl:1.1-1.5, FDR-adjusted P <
.004) and mood disorders (aOR: 1.3;
95% CI: 1.1-1.5; P < .05); and those
with developmental conditions had
higher risks of most disorders,
including ADHD (aOR: 3.1; 95% CI:
2.7-3.6; P < .0001), behavior
disorders (aOR: 1.5; 95% CI: 1.3-1.8;
P < .004), and psychosis spectrum
symptoms (aOR: 1.7; 95% CI:1.5-2.0;
P < .0001) than those who were not
affected with these conditions. Those
with autoimmune/inflammatory
conditions were significantly more
likely to have mood disorders than
those without these conditions (aOR:
1.39; 95% CI: 1.1-1.8; P < .05). Of
interest, those with developmental
disorders were significantly less
likely to have mood disorders than
those without these conditions.

35

30

25

20

%

15 +

10

CGAS <=70

FIGURE 1

Anxiety

Behavior

ADHD

Severity of physical conditions by classes of mental disorders. **P < .001, **P < .01, *P < .05.
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a Physical conditions based on electronic medical chart review and parent informant report (or proband report for youth aged =18 y).

b a0Rs based on logistic regression models simultaneously controlling for gender, age, race/ethnicity, maternal education, and other physical disorders shown in the table (not adjusted for mental disorders).

¢ Diagnosis algorithms for DSM-IV indices of mental disorders considered endorsement of screen question, symptom count, duration, distress, and impairment. Anxiety = agoraphobia, generalized anxiety disorder, panic disorder, separation anxiety

major depressive disorder and mania; subclinical psychosis symptoms were based on subpsychotic positive symptoms (PRIME-Screen Revised), subthreshold negative/

disorder; Behavior = oppositional defiant disorder, conduct disorder; Mood
disorganized symptoms (6 SIPS ratings), and/or positive psychosis screen.

d a0Rs based on logistic regression models simultaneously controlling for gender, age, race/ethnicity, maternal education, other DSM-IV indices of mental disorders, and other physical disorders shown in the table (not adjusted for CGAS score).

DISCUSSION

This study documents the pervasive
comorbidity between clinically
diagnosed physical conditions and the
full range of mental disorders from
the PNC, the largest cross-sectional
study of mental and physical
comorbidity in the United States to
date. There is a direct association
between the severity of physical
conditions and most classes of mental
disorders, subclinical psychotic
symptoms, as well as with functional
impairment. The specific links
between mood disorders with
inflammatory/immunologic
conditions, as well as the broader
associations between neurologic
disorders that affect brain systems
with behavioral disorders, have major
implications for future studies of
etiology and interventions. However,
prospective information will be
necessary to distinguish between
alternative explanations including
common underlying etiologic
mechanisms (eg, immunologic factors
precipitating allergies/asthma or
depression)12:38.39 or causal
relationships (eg, depression as

a consequence of disability secondary
to epilepsy or its treatment)14.17,40-42
for physical-mental comorbidity.

Mood Disorders

There has been a recent resurgence of
interest in the long-suspected
association between depression and
immunologic factors/disorders in
light of the results of large-scale
genetic studies implicating the human
major histocompatibility complex in
schizophrenia%3 and prenatal
maternal-fetal interactions
underlying autism.#4 In the current
study, the robust association between
immunologic/inflammatory
conditions and mood disorders in
youth demonstrates the importance
of evaluation of immunologic/
inflammatory systems as a possible
pathway to depression. Indeed, these
findings confirm growing evidence
from population-based samples that
have demonstrated prospective links

€933



between immunologic/inflammatory
conditions and the subsequent
development of clinical
depression.*5:46

Behavior Disorders

Advances in our understanding of the
neural correlates of ADHD implicate
dysfunction at a network and
connectivity level rather than regional
anatomic abnormalities.#” Therefore,
the associations between other
developmental problems and ADHD
observed in this study are plausible
given that disruption in any
component of the circuitry involved
in attention and activity could lead
to diverse neurobehavioral
problems. The strong comorbid
association between ADHD with
CNS/neurologic disorders,
particularly seizures and epilepsy,*8
that are likely to result from common
underlying genetic*® and/or
environmental>951 risk factors
confirms this well-established
association from clinical samples.
The availability of measures of
neurocognitive function and
neuroimaging in a subset of this
sample will facilitate our
investigation of possible

mechanisms for these associations.

Neurodevelopmental problems,
including neurologic soft signs,
learning problems, and ADHD, were
also associated with behavior
disorders and subclinical psychotic
spectrum symptoms, as previously
documented in numerous prospective
studies of conduct disorder>2-54 and
schizophrenia.5556 In addition to
early developmental difficulties,
children with severe behavior
problems have elevated rates of mood
disorders that often go undetected.5”
Such youth also have a striking
elevation in risk of the subsequent
development of alcohol58 and drug>®
dependence in later adolescence and
adulthood. When coupled with the
abundant evidence for the salient role
of social determinants of conduct
disorder and its progression,° these
findings provide a compelling

€934

rationale for the early identification of
developmental problems among
youth to minimize their educational
and social sequelae.

Limitations

Limitations of the current study
should be considered in the
interpretation of these findings.
First, because the associations
observed between physical
conditions and mental health
disorders are cross-sectional in
nature, the temporal precedence
among these conditions cannot be
established. Although physical
conditions served as predictors in
this analysis, it is also possible that
mental health disorders contributed
to the development of these
conditions.61 Second,
comprehensive diagnostic
interviews were not feasible due to
the large sample size and the
restricted duration of the study
funding period. Even though the
abbreviated clinical psychiatric
diagnostic interview had strong
prognostic value in comparison with
a standard diagnostic interview,
additional clinical information
would strengthen the validity of the
diagnostic information. Third, these
findings only pertain to youth with
moderate or severe physical
problems. Future analyses will
assess associations between milder
manifestations of physical disorders
with the full range of mental
disorders (eg, allergies and asthma
with anxiety disorders). Fourth, the
prevalence rates of physical
disorders are not representative of
those in the general population
because of the pediatric referral
source of the sample. Therefore, the
results of this study may not apply
to youth in the general population of
the United States. Future follow-up
of subsets of this sample will be
informative in confirming the
classification of physical and mental
disorders and examining the
longitudinal stability and directional
links of these associations.

Implications

This project begins to fill the gap in
population-based data on the
prevalence of physical conditions and
their interrelationships with mental
disorders in US youth, a gap that is
striking when compared with other
developed countries. We demonstrate
the feasibility of a large-scale
multidisciplinary collaborative effort
to obtain comprehensive data on

a systematic pediatric sample that
can inform science and health care
delivery. However, this cross-sectional
work only represents an initial step in
establishing such data; prospective
tracking of cross-disorder morbidity
will be essential to establish causal
links and to develop more

effective strategies for prevention
and service.

Recent advances in our
understanding of disease
pathogenesis across many fields of
medicine, such as the shift from
classification of cancer by organ
system to the tumor’s molecular
signature,52.63 diverse immunologic
conditions/diseases resulting from
shared pathogenic influences,®* and
the strong link between CNS
disorders and the gut microbiota,®>
have revealed the importance of
dismantling boundaries between
medical specialties. Likewise,
emerging evidence from genetics
and neuroscience has implicated
common environmental/
pathogenetic factors

(eg, neurodevelopmental,
immunologic, and infectious) and
genes underlying
schizophrenia,*3.66.67 qutism,49.68
and bipolar disorder.6® The
pervasive patterns of comorbidity
identified in this study confirm the
importance of cross-specialty
integration. The identification of
common pathophysiologic domains
underlying purportedly distinct
disorders may inform etiologic
processes for these disorders,
particularly if detected early in
development. In particular, our
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finding of clustering of both
neurodevelopmental and mood
disorders with neurologic
disturbances provides compelling
support for closer integration of
psychiatry with neurology and other
medical specialties. A small number
of combined child medical board
programs in the United States are

a step forward; however, in light of
the high magnitude of these
problems, broader initiatives are
needed.

The increase in severity and
disability among youth with
physical-mental comorbidity7 also
indicates the need for better
integration of mental health and
medical specialty care in children to
address this “hidden morbidity.”70
Funding for services in the current
US system is based on single
diagnostic entities for youth with
emotional and behavioral disorders
(eg, learning disability, autism
spectrum disorders, serious
emotional disturbances, etc), which

fails to incorporate the pervasive
comorbidity demonstrated herein.
The limited coordination across
treatment sectors, including primary
care, mental health, education, social
services, and justice, reduces our
ability to make informed decisions
for resource allocation and
implementation of interventions.
Moreover, there is a glaring gap in
evidence-based programs for
comorbid disorders. Although there
are growing local and national
efforts to facilitate mental health
care for youth identified in
pediatrics and primary care
settings,”1.72 far more
comprehensive approaches at the
national level will be required.

A shift to earlier identification and
intervention with a coordinated
multisector effort could have
tremendous economic and public
health impact. Community-wide
prevention programs for anxiety and
depression, early psychosis, suicide,
smoking, and obesity in

Australia73-76 provide a sound
paradigm for such a shift.

CONCLUSIONS

We demonstrate pervasive
comorbidity between physical and
mental conditions that has

a substantial impact on severity and
functional impairment in youth.
Specific patterns of comorbidity
have important implications for
both our understanding of the
etiology and development of
effective interventions for these
disorders. These findings highlight
the importance of capturing the
roots of both mental and physical
disorders in childhood to trace their
evolution into chronic diseases with
major public health impact in
adulthood. Prospective tracking of
cross-disorder morbidity will be
important to infer causal
mechanisms and to establish more
effective mechanisms for prevention
and intervention.
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