View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by University of Kentucky

ey ™NU
UK J I __ d University of Kentucky
1OWIE ge UKnowledge
Theses and Dissertations—-Psychology Psychology

2016

Trait-Based Profiles of ADHD in Adolescents and Young Adults

Tess E. Smith

University of Kentucky, tesm223@g.uky.edu
Digital Object Identifier: http://dx.doi.org/10.13023/ETD.2016.268

Right click to open a feedback form in a new tab to let us know how this document benefits you.

Recommended Citation

Smith, Tess E., "Trait-Based Profiles of ADHD in Adolescents and Young Adults" (2016). Theses and
Dissertations—-Psychology. 93.

https://uknowledge.uky.edu/psychology_etds/93

This Master's Thesis is brought to you for free and open access by the Psychology at UKnowledge. It has been
accepted for inclusion in Theses and Dissertations—-Psychology by an authorized administrator of UKnowledge. For
more information, please contact UKnowledge@Isv.uky.edu.


https://core.ac.uk/display/232573772?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://uknowledge.uky.edu/
http://uknowledge.uky.edu/
https://uknowledge.uky.edu/
https://uknowledge.uky.edu/psychology_etds
https://uknowledge.uky.edu/psychology
https://uky.az1.qualtrics.com/jfe/form/SV_9mq8fx2GnONRfz7
mailto:UKnowledge@lsv.uky.edu

STUDENT AGREEMENT:

| represent that my thesis or dissertation and abstract are my original work. Proper attribution
has been given to all outside sources. | understand that | am solely responsible for obtaining
any needed copyright permissions. | have obtained needed written permission statement(s)
from the owner(s) of each third-party copyrighted matter to be included in my work, allowing
electronic distribution (if such use is not permitted by the fair use doctrine) which will be
submitted to UKnowledge as Additional File.

| hereby grant to The University of Kentucky and its agents the irrevocable, non-exclusive, and
royalty-free license to archive and make accessible my work in whole or in part in all forms of
media, now or hereafter known. | agree that the document mentioned above may be made
available immediately for worldwide access unless an embargo applies.

| retain all other ownership rights to the copyright of my work. | also retain the right to use in
future works (such as articles or books) all or part of my work. | understand that | am free to
register the copyright to my work.

REVIEW, APPROVAL AND ACCEPTANCE

The document mentioned above has been reviewed and accepted by the student’s advisor, on
behalf of the advisory committee, and by the Director of Graduate Studies (DGS), on behalf of
the program; we verify that this is the final, approved version of the student’s thesis including all
changes required by the advisory committee. The undersigned agree to abide by the statements
above.

Tess E. Smith, Student
Dr. Michelle M. Martel, Major Professor

Dr. Mark Fillmore, Director of Graduate Studies



TRAIT-BASED PROFILES OF ADHD IN

ADOLESCENTS AND YOUNG ADULTS

THESIS

A thesis submitted in partial fulfillment of
the requirements for the degree of Master of
Science in the College of Arts and Sciences

at the University of Kentucky
By
Tess E. Smith
Director: Dr. Michelle M. Martel, Professor
of Psychology
Lexington, KY
2016

Copyright © Tess E. Smith 2016



ABSTRACT OF THESIS

TRAIT-BASED PROFILES OF ADHD IN ADOLESCENTS AND YOUNG ADULTS

Empirical work has examined the utility of using person-centered statistical
approaches emphasizing traits to parsing Attention-Deficit/Hyperactivity disorder
(ADHD) heterogeneity in preschool and school-aged children. However, trait-based
profiles have not yet been examined in other age ranges, specifically adolescence and
young adulthood. Therefore, the goal of the present study is to examine trait-based
profiles in adolescents and young adults with ADHD in order to evaluate their similarity
with trait-based profiles in preschoolers and children with ADHD and through
comparison with external correlates (e.g., comorbidity). One hundred and eighty-two
adolescents and 287 young adults completed measures of ADHD symptoms, personality
and temperament traits, and comorbid internalizing and externalizing problems. Latent
profile analysis suggested at least three consistent trait-based profiles related to ADHD
within adolescents and young adults: low extraversion, high extraversion, and high
neuroticism profiles. These profiles were largely similar to those found in preschool and
middle childhood and demonstrated similar comorbidity patterns; namely, the low
extraversion profile exhibited higher internalizing problems, the high extraversion profile
exhibited higher externalizing problems, and the small high neuroticism profile exhibited
descriptively higher levels of all comorbid problems. Such profiles may have utility for
personalization of intervention based on trait profiles and comorbidity patterns, as well as
— more speculatively — possible prognostic utility.

Tess E. Smith
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Trait-based Profiles of ADHD in Adolescents and Young Adults
Chapter One: Review of the Literature

Attention-Deficit/Hyperactivity disorder (ADHD) is a neurodevelopmental disorder
that begins early and is characterized by symptoms of inattention and/or hyperactivity-
impulsivity, according to the Diagnostic and Statistical Manual of Mental Disorders—
Fifth Edition (DSM-5; APA, 2013). ADHD affects about 5% of children and 2.5% of
adults across most cultures (Polanczyk et al., 2007). Furthermore, ADHD is associated
with substantial societal costs including treatment, other health care costs, and
educational and legal expenses (Pelham, Foster, & Robb, 2007). In addition, individuals
with ADHD exhibit difficulties with academic achievement, social relationships,
comorbidity, accidental injury or death, and higher rates of unemployment and divorce as
adults (reviewed by Barkley, 2014).

Although ADHD was historically considered a childhood disorder, current work
validates it into adulthood (Biederman et al., 2010; Faraone et al., 2005). Yet prominent
developmental changes in symptoms occur (e.g., hyperactivity declines after preschool;
Hart et al., 1995; Lahey et al., 2005; Martel, von Eye, & Nigg, 2012). In addition to
developmental change in symptomatology, there is substantial inter-individual
heterogeneity in the symptom presentation of those diagnosed with ADHD, historically
labeled with subtypes (DSM-IV-TR, 2000). DSM-5 distinguishes three subtypes, or
presentations: predominantly inattentive presentation (i.e., six or more symptoms of
inattention), predominately hyperactive/impulsive presentation (i.e., six or more
symptoms of hyperactivity-impulsivity, and combined (i.e., six or more symptoms in

both domains; APA, 2013). Yet, these subtypes have failed to demonstrate external



validity in that they lack temporal stability (Lahey et al., 2005) and do not have distinct
external correlates (Nigg et al., 2002; Chhabildas, Pennington, & Willcutt, 2001).
Furthermore, the DSM-5 presentations do not exhibit distinct neuropsychological or
neurobiological patterns (Chhabildas, Pennington, & Willcutt, 2001; Fair et al., 2012;
Nigg et al., 2005). For this reason, it has been suggested that some subtypes might be
better broken down into additional groups such as a restrictive inattentive subtype (six or
more symptoms of inattention and two or fewer hyperactive-impulsive symptoms; Goth-
Owens et al., 2010) or sluggish cognitive tempo (inconsistent alertness or orientation
characterized by sluggishness, drowsiness, and apparent daydreaming; Barkley, 2012;
McBurnett, Pfiffner & Frick, 2001). Yet, this work remains inconclusive and, for that
reason, was not included in DSM-5.

An alternative and particularly promising method of subtyping ADHD involves
temperament and personality trait profiles, consistent with the new National Institute of
Mental Health (NIMH) Research Domain Criteria (RDoC) initiative, which seeks to
develop a research classification of mental disorders based on dimensions of
neurobiology and psychology, including affect and behavior (Insel et al., 2010). Such a
continuous approach integrating affective traits would allow for more powerful study of
normal and abnormal behavior and the continuum in between, as well as allowing more
sensitive tracking of developmental changes in behavior and neurobiology. Temperament
traits provide one means by which to sensitively track developmental changes in behavior
as they are defined as individual differences in reactivity and self-regulation (Rothbart,
1991). Historically, temperament has been viewed as being primarily inherited, or

biological, in nature (Frick, 2004; Rothbart, 1989). Personality traits, on the other hand,



have been defined as individual differences in characteristic ways of behaving, thinking,
and feeling (McCrae & Costa, 1987; Tackett, 2006) that are more heavily influenced by
the environment as development takes place. Despite temperament and personality
historically being distinguished from one another, recent work has suggested that they
both measure similar traits that are both approximately equally influenced by genes and
aspects of the environment (e.g., Hopwood et al., 2012; Silberg et al., 2005). Theoretical
and empirical work both suggest that temperament and personality traits are highly
related to one another (theoretical: Tackett, 2006; Shiner & Caspi, 2003; empirical: De
Pauw et al., 2009).

In line with this idea, collapsing across the most well validated trait models, at least
three common higher-order traits emerge: Negative affect, or neuroticism; surgency or
extraversion; and effortful control, or conscientiousness (De Fruyt et al., 2006; Shiner &
Caspi, 2003). Negative affect (or neuroticism) refers to lower-order traits such as anger,
sadness, fear, physical discomfort, and recovery from distress. Surgency (or extraversion)
refers to activity level, sociability, and pleasure expressed in anticipation of reward or
during high-intensity activities. Effortful control (or conscientiousness) includes the
ability to focus attention and, in older children, to exercise inhibitory control (McCrae &
Costa, 1987; Rothbart, 1989). In addition to these three common higher-order traits, it is
also important to consider agreeableness. Agreeableness is characterized by altruism,
trust, compliance, and concern (McCrae & Costa, 1987). Studies have noted that, at lower
levels of hierarchical models, agreeableness emerges from higher-order negative affect
and effortful control factors, perhaps being most associated with effortful control (Nigg,

2006; Markon, Krueger, & Watson, 2005).



Although traits are believed to be relatively stable, changes in traits may occur
throughout critical points in development (Costa, McCrae, & Siegler, 1999; McCrae et
al., 2002; Roberts & DelVicchio, 2000). For example, during the transition from late
childhood to adolescence negative affect increases in females, while effortful control
increases in young adulthood; surgency and agreeableness tend to remain more stable,
particularly during adulthood (McCrae et al., 2002; Roberts, Walton, & Viechtbauer,
20006).

There is a growing body of research demonstrating that temperament and personality
traits relate to psychopathology and ADHD in particular. Reviewing this body of work,
Martel (2009) concluded that, as an overall group, children with ADHD exhibit high
levels of negative affect and low levels of control. However, examining ADHD symptom
domains reveal more specific associations (Martel, 2009). Inattentive symptoms appear to
be primarily associated with effortful control, while hyperactive-impulsive symptoms
appear to be primarily associated with extraversion (Martel & Nigg, 2006; Martel, 2009)
Research also suggests that associations between temperament traits and ADHD may
change throughout development. In childhood, ADHD symptoms are associated with
lower effortful control. However, increased levels of negative affect and lower levels of
agreeableness predict increasing levels of ADHD symptoms into adolescence and young
adulthood, again with low effortful control related to the inattentive symptom domain and
low agreeableness associated with the hyperactive-impulsive symptom domain (Miller et
al., 2007; Nigg et al., 2002). Thus, overall, ADHD is associated with low effortful
control, low agreeableness, and increased levels of negative affect with low effortful

control particularly associated with inattentive ADHD symptoms during childhood and



high negative affect, low agreeableness associated with symptoms persisting into
adolescence and adulthood, particularly hyperactivity-impulsivity.

Interestingly, research suggests traits may be part of the pathway to psychopathology
(Martel, 2009), although the nature of associations between traits and psychopathology
are still debated (Nigg, 2006; Tackett, 2006). To date, a number of different models of
these associations have been proposed, with two particularly prominent: the vulnerability
model and the spectrum model (De Bolle, Beyers, W., De Clercq, & De Fruyt, 2012; Van
Leeuwen et al., 2007). The vulnerability model theorizes that temperament traits might
make individuals more vulnerable to psychopathology. In contrast, the spectrum model
suggests that psychopathology and traits lie on the same continuum, with
psychopathology being synonymous with extreme temperament-based traits (i.e., ADHD
as a disorder of extreme low effortful control; Nigg, 2006; Shiner & Caspi, 2003;
Tackett, 2006). Regardless of the particular model endorsed, traits seem to relate to
psychopathology in a meaningful way in that extreme traits can predict the onset of
psychopathology in young children. Thus, early temperament traits might be useful for
identifying and predicting the course of psychopathology.

Current research has started to recognize the utility of this approach in relation to
childhood behavioral disorders, including ADHD. Theory has suggested several possible
pathways to ADHD (Martel, 2009; Nigg et al., 2004). For example, children
characterized by low effortful control may be predisposed to develop inattentive
symptoms of ADHD, while children characterized by high emotionality, high surgency,

and low agreeableness may be predisposed to develop hyperactive-impulsive symptoms,



with those high in negative affect being predisposed to comorbid ODD or CD
symptomology.

Empirical work has examined the utility of using such an approach to parsing ADHD
heterogeneity using person-centered statistical approaches in school-aged and preschool
children (Karalunas et al., 2014; Martel, in press; Martel, Goth-Owens, Martinez-Torteya,
and Nigg, 2010). In a cross-sectional sample of school-aged children, three distinct trait-
based groups were found: a low control group, a high surgency group, and a low
surgency/high negative affect group. The low control group exhibited increased rates of
comorbid ODD, disruptive behavior, and mood/anxiety problems (Martel, Goth-Owens,
Martinez-Torteya, and Nigg, 2010). These three trait-based subgroups were replicated in
a longitudinal school-aged sample, which found the high negative affect group exhibited
doubled rates of onset for new behavioral and emotional disorders at the one-year follow-
up (Karalunas et al., 2014). Furthermore, over the one-year follow-up trait-based profiles
were found to be the best predictor of later comorbid disorders, compared to ODD
symptom status, and DSM-5 ADHD presentations (Karalunas et al., 2014). Similarly, in a
preschool sample, ages 3 to 6, over-recruited for clinical cases, three distinct trait-based
subgroups were found: a low control group, a high surgency group, and a high negative
affect group. The high surgency group, in particular, was at increased risk for comorbid
psychopathology and worsening symptoms over a 6-month follow-up (Martel, in press).
Overall, cross-sectional and longitudinal samples of school-aged children with ADHD
and preschoolers with ADHD appear to be described by three distinct trait-based groups:

low effortful control, high surgency, and high negative affect. This body of research



supports the idea that a person-centered approach to subtyping ADHD may have utility
for clinical prediction of the course of ADHD.

Despite this research suggesting somewhat similar trait profiles in preschoolers and
children with ADHD, trait-based profiles have not yet been examined in other age ranges,
specifically adolescence and young adulthood. Therefore, the goal of the present study
was to examine trait-based profiles in adolescents and young adults with ADHD in order
to evaluate their similarity with trait-based profiles in preschoolers and school-age
children and to externally validate these profiles in adolescence and young adulthood
through comparison with external correlates (e.g., comorbidity). It was hypothesized that,
within adolescents and young adults with ADHD, similar three trait-based profiles (i.e.,
low control, high positive affect, high negative affect) would emerge as seen in preschool
and childhood. However, it was predicted that a relatively larger percentage of
adolescents and young adults would be characterized by negative affect and fall into the
high negative affect subgroup during adolescence and young adulthood compared to
preschool and childhood due to normative developmental increases in negative affect.

Chapter Two: Study 1-Adolescents Methods
Participants
Adolescent sample participants were 182 youth (103 males) age 13 to 17 years.
Nineteen percent identified themselves as ethnic minorities. Adolescents were included in
one of two groups: those diagnosed with ADHD, any type (rn = 83), and controls (rn = 99).
The ADHD group included 42 ADHD-Predominantly Inattentive and 41 ADHD-
Combined type. Twenty-two adolescents met criteria for Oppositional/Defiant Disorder;

four for Conduct Disorder.



Recruitment and Identification

For the adolescent sample, a broad community recruitment strategy was used,
with mass mailings to parents in local school districts and public advertisements, in order
to obtain as broadly representative of a sample as possible. Families initially recruited
then passed through a standard multi-gate screening process to establish diagnostic
groupings. At Stage 1, all families (N = 672) were screened by phone to rule out youth
prescribed long-acting psychotropic medication (e.g. antidepressants), neurological
impairments, seizure history, head injury with loss of consciousness, other major medical
conditions, or a prior diagnosis of mental retardation or autistic disorder, as reported by
the parent.

At Stage 2, parents and teachers or remaining eligible youth (N=469) completed
rating scales (Child Behavior Checklist [CBCL; Achenbach, 1991], Conners Parent and
Teacher Rating Scales [Conners, 1997], ADHD Rating Scale [DuPaul et al., 1998]).
Parents completed a structured clinical interview, and children completed 1Q and
achievement testing. Families were screened out here if they fail to attend
the diagnostic visit or if teacher ratings cannot be obtained.

Youth and their primary caregiver completed the Kiddie Schedule for Affective
Disorders-Epidemiologic Version (KSADS-E; Puig-Antich and Ryan 1986). The data
from the interviews and parent and teacher rating scales were presented to a clinical
diagnostic team consisting of a board certified child psychiatrist and licensed clinical
child psychologist. Their agreement rates were acceptable for ADHD diagnosis,

subtypes, and current ODD and CD (all kappas > .89).



All youth then came back for a second laboratory visit a few weeks later during
which time parents completed temperament measures, and youth completed
neuropsychological measures.

Measures

ADHD Symptoms

Adolescents completed the age appropriate version of the ADHD rating scale
(DuPaul et al., 1998). The rating scale includes 18 items that are consistent with DSM-IV
diagnostic criteria for ADHD. Participants used a 4-point Likert scale, ranging from 0
(Never or rarely) to 3 (Very often), to rate their symptom severity and level of
impairment over the past 6 months. Total, inattentive, and hyperactive-impulsive
symptom sums will be used.

Comorbid Adolescent Diagnoses

The Youth Self-Report (YSR; Achenbach, 1991) is used to assess social and
emotional functioning in adolescents ages 11-18. This instrument yields reliable and valid
standardized scores on 10 subscales (i.e., withdrawn, somatic complaints, anxious
/depressed, social problems, thought problems, attention problems, delinquent behavior,
aggressive behavior, externalizing and internalizing behavior) and a total behavior
problems score. Both raw and t-scores will be utilized.

Temperament and Personality Traits

To assess temperament and personality traits, parents completed the California
Child Q-Sort (CCQ), specifically the common language version (Caspi et al. 1992). The
CCQ is a typical Q-Sort consisting of 100 cards which must be placed in a forced-choice,

nine-category, rectangular distribution. The rater (in this case, the mother) described the



adolescent by placing descriptive cards in one of the categories, ranging from one (least
descriptive) to nine (most descriptive). Thus, items at the extreme ends of this range are
most descriptive. Instructions were derived from the standard instruction set provided by
Jack Block (personal communication, 1996). To measure negative emotionality,
resiliency, and reactive control, scales developed by Eisenberg et al. (1996; 2003;
personal communication, 2006) were used (e.g., reactive control, “is shy and reserved;”
resiliency, “is resourceful in initiating activities;” negative emotionality, “cries easily”).
To measure the Big Five, scales developed by John and colleagues (1994) were used
(e.g., neuroticism, “fends to brood and ruminate;” agreeableness, “is eager to please;”
conscientiousness, “is competent, skillful”’). Items from these scales were averaged after
reverse-scoring selected items. Higher scores reflect higher average levels of the relevant
trait.
Data Analysis

Latent profile analysis models fitting 1—S5 profile solutions were conducted in Mplus
in order to identify temperament/personality groups within ADHD. In the adolescent
sample, there was no missing data. Latent profile analysis was conducted on negative
emotionality, neuroticism, extraversion, conscientiousness, agreeableness, and openness.
Model fit was compared using log likelihood, Akaike information criteria (AIC), Bayes
information criteria (BIC), and entropy, as is recommended (Grant et al., 2006). Smaller
values of log likelihood, AIC, and BIC indicate better fit to the data, and higher values of
entropy reflect better distinctions between groups (Kline, 2005). Examination of relative
percentages of individuals falling into subgroups in adolescence, compared to preschool

and childhood, was evaluated using chi-square statistics. External validation of the best-
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fitting profile solution in adolescence was conducted using multivariate general linear
models (GLMs), examining profiles differences in ADHD symptoms, and comorbid
internalizing and externalizing problems, followed by corrected least significant
difference (LSD) post hoc analyses, which control for Type I error (Tabachnick & Fidell,
2007).

Chapter Three: Study 1-Adolescents Results

Latent Profile Analysis

Latent profile models containing one through five profiles were fit to all traits to
exhaust the available models. Significant improvements in fit occurred as the number of
profiles increased up to four profiles, at which point log likelithood and AIC continued to
improve, while BIC and entropy leveled off (Table 1). While both four and five profile
solutions were supported, based on a preponderance of these fit indices, based on
theoretical considerations, the five profile solution was chosen as the focus of the current
study, due to its similarity to prior work in preschool and childhood (but see four-profile
solution results in the appendix).

Descriptive statistics for personality traits within each profile for each solution are
shown in Table 2 and depicted graphically in Figure 1. As shown in Table 2 and Figure 1,
Profile 1 (n = 97) was labeled “low neuroticism,” based on its descriptively lower levels
of negative emotionality and neuroticism, as well as higher levels of agreeableness and
conscientiousness. Profile 2 (n = 25) was characterized by low levels of
conscientiousness, as well as lower levels of agreeableness and openness, and was
labeled “low conscientiousness.” Profile 3 (n = 27) was labeled “low extraversion,” as

relatively lower levels of extraversion characterized this group. Profile 4 (n = 30) was
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labeled “high extraversion,” as relatively higher levels of extraversion characterized this
group. Profile 5 (n = 3) exhibited relatively higher levels of negative emotionality and
neuroticism and was labeled “high neuroticism.”

As shown in Table 3, the percentage of adolescents with ADHD within group
significantly varied across the five profiles, y*(4) = 76.21, p = .000; adolescents in the
low conscientiousness, low extraversion, high extraversion, and high neuroticism profiles
were particularly likely to be diagnosed with ADHD compared with the low neuroticism
profile, based on over half (50%) of each group being characterized by a diagnosis of
ADHD.

Comparison with Preschool and Childhood Profiles

As shown in Table 4, the relative percentage of individuals falling into each
profile significantly varied across preschool, middle childhood, and adolescence, ¥*(8) =
49.65, p = .000. Based on study hypotheses that a relatively larger percentage of
individuals would fall into the high neuroticism group in adolescents, compared to
preschool and childhood, targeted posthoc comparisons were examined for the high
neuroticism profile between preschool and adolescence, x*(1) = 15.53, p =.000 , and
between middle childhood and adolescence, y*(1) = 2.41, p = .12. These results suggest
that, counter to hypotheses, there were significantly lower percentage of individuals in
the high neuroticism group during adolescence compared to during preschool.

External Validation of Profiles

The profiles were next externally validated via a series of multivariate GLMs that
examined adolescent profile differences in self-reported 1) ADHD symptoms and 2)

comorbid internalizing and externalizing problems. The overall multivariate GLM

12



examining adolescent profile differences in self-reported inattention and hyperactivity-
impulsivity was significant, F(8, 342) = 9.54, p = .000. Individual GLMs identified
significant differences in both self-report inattentive symptoms, F(4, 171) =15.20, p =
.000, and hyperactive-impulsive symptoms, F(4, 171) =15.20 , p =.000. Based on post-
hoc least significant difference (LSD) tests, the low neuroticism group had significantly
lower levels of inattentive symptoms, compared to all other groups, and the low
neuroticism and low extraversion groups exhibited lower levels of hyperactive-impulsive
symptoms (Table 3). The low conscientiousness and high extraversion profiles exhibited
relatively higher levels of both inattentive and hyperactive-impulsive symptoms.
Although the high neuroticism profile did not significantly differ from the other profiles
in symptoms (likely because such a small number of individuals fell into that profile),
descriptively the high neuroticism profile exhibited the highest mean-level of both
inattentive and hyperactive-impulsive symptoms. Overall, the low conscientiousness and
high extraversion profiles exhibited higher levels of ADHD symptoms of both inattention
and hyperactivity-impulsivity, while the low extraversion profile exhibited higher levels
of just inattentive symptoms, compared to the other profiles.

The overall multivariate GLM examining adolescent profile differences in
comorbid self-report internalizing and externalizing problems was also significant, F(52,
520) =2.09, p = .000. Individual GLM identified significant differences in activity, F(4,
139) = 3.63, p = .008, attention problems, F(4, 139) = 6.18, p = .000, aggressive
behavior, F(4, 139) = 7.35, p = .000, and rule-breaking behaviors, F(4, 139) =6.89, p =
.000. Based on post-hoc LSD tests, the low conscientiousness, high extraversion, and

high neuroticism groups exhibited relatively higher levels of aggressive behavior and
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rule-breaking compared to the other profiles. Although the high neuroticism profile had
the highest mean level attention problems and rule-breaking behaviors, as shown in Table
3, these differences were not always significant (likely due to the small number of
individuals that fell into the high neuroticism profile). The low extraversion profile
exhibited relatively lower levels of activity and the low neuroticism group exhibited
relatively lower levels of attention problems, compared to the other profiles. Overall, the
low conscientiousness and high extraversion profiles exhibited greater comorbid
externalizing problems, and the low conscientiousness profile additionally exhibited
greater attention problems. The low extraversion profile exhibited increased comorbid
withdrawal/depression, while the low neuroticism profile exhibited relatively fewer

comorbid problems.
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Table 1.

Latent Profile Analysis Fit Indices: Adolescents

Profile Log likelihood AIC BIC Entropy
1-profile -1804.220 3632.440 3670.888 -
2-profile -1709.370 3456.740 3517.616 0.849
3-profile -1676.401 3404.802 3488.106 0.889
4-profile -1653.842 3373.685 3479.417 0.891
S-profile -1640.630 3361.260 3489.420 0.834

Note. AIC = Akaike’s information criteria; BIC = Bayes information criteria. Boldface
indicates the best-fitting models.
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Table 2.

Latent Profile Solutions Using Adolescent Traits: Descriptive Statistics

Solution n NE N E o A C
Five-profile solution
Profile 1 97 2.969 3366 5415 5997 6904 6.572
Profile 2 25 5.028 4280 6.029 5478 4427 3.569
Profile 3 27 4.475 5434 3924 5883 6.571 4574
Profile 4 30 3.497 3.891 6.073 6.345 6.378 4.243
Profile 5 3 7.141 7.591 3.928 5947 5378 4.852

Note. NE = negative emotionality; N = neuroticism; E = extraversion; O = openness; A =
agreeableness; C = conscientiousness. Bold represents the best-fitting solution.
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Table 3.

Adolescent External Validation: Five Profiles

Low Neuroticism Low Low Extraversion High High
Conscientiousness Extraversion Neuroticism

% ADHD 17 80 69 90 100 Hokk
Inattention 83 (1.73)!%34 2,96 (2.60)"? 2.69 (2.81)" 4.13 (3.20)"* 533 (2.31)1°  wwx
Hyper-Imp 66 (1.22)14° 2.96 (2.34)"* 1.27 (1.85)>** 3.00 (2.63)'*  3.33(1.53)!° wkx
Activity 12.54 (2.66)"" 11.54 (3.54) 9.97 (4.42)" 13.03 (2.55)°  12.67(3.77)  **
Social Prob 3.12 (3.36) 4.00 (3.42) 4.94 (3.35) 429 (3.04) 3.50 (0.71)
Competence 24.70 (4.66)" 24.12 (8.05) 22.54 (8.97)"3 2432 (5.23) 24.02 (6.39)
Anxiety/Dep 431 (4.53) 3.53 (3.34) 5.17 (4.46) 4.25 (3.65) 5.50 (3.54)
Withdrawn/Dep ~ 3.36 (2.77)"” 3.00 (2.43)*° 5.28 (3.92)" 3.25(2.89"  2.50(0.71)
Somatic Comp  2.65 (3.30) 3.05 (3.60) 4.11 (3.46) 3.38 (2.58) 4.00 (1.41)
Thought Prob 3.80 (4.14)" 4.05 (4.01) 5.50 (5.15) 5.92 (3.46)'"  5.00 (4.24)
Attention Prob  4.33 (3.81)!%3 7.53 (4.22)"* 7.39 (4.38)"" 9.13 (3.65)"" 950 (2.12)  ***
Aggressive Bx  5.06 (4.15)"* 10.47 (6.54)"* 6.33 (4.46)>° 8.88 (4.30)"*  7.50(2.12)  wHx
Rule-Breaking  4.20 (3.59)"** 7.11 (3.53)'7 5.06 (2.90)** 8.33(5.26)'*  9.00 (4.24) ¥
Internalizing 10.32 (9.38) 9.58 (7.76) 14.56 (9.74) 10.88 (7.17) 12.00 (2.83)
Externalizing 9.26 (6.71)"** 17.21 (8.72)'*° 11.39 (6.33)>** 17.21 (8.75)"** 16.50 (0.71)  **x*

Note. Hyper-Imp= Hyperactivity-Impulsivity; Social Prob=Social Problems; Anxiety/Dep=Anxiety/Depression;

Withdrawn/Dep=Withdrawn/Depression; Somatic Comp=Somatic Complaints; Thought Prob=Thought Problems;

Attention Prob=Attention Problems; Aggressive Bx=Aggressive Behavior. Like superscripts indicate significant
differences on least significant difference (LSD) post hoc comparisons.
*Ep <.01. ***p < .001 based on chi-square or GLM.
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Table 4.

Comparisons of Relative Percentage of Individuals Falling into Each Profile Through
Adolescence

Preschool Childhood Adolescence
Low Neuroticism 48% 37% 53%
High Extraversion 18% 38% 17%
High Neuroticism 5% 1% 2%
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Figure 1. Five-profile solution in Adolescents

19



Chapter Four: Study 2- Young Adults Methods
Participants
Young adult participants were 287 undergraduates (97 males) age 18 to 24 years. Thirty
percent identified themselves as ethnic or racial minorities. Forty-six percent met diagnostic
criteria for ADHD based on self-report.

Recruitment and Identification

The young adult sample included undergraduates from a large Southern/Midwestern
university who volunteered to take part in the study in exchange for course credit with over
recruitment of individuals with attention problems based on use of cut offs on a preliminary
screening measure. It should be noted that individuals with all levels of ADHD symptoms were
allowed to participate, but toward the end of data collection, individuals with high levels of self
reported ADHD symptoms were preferentially invited to participate to allow for increased power
to detect ADHD relevant effects and trait groups. All participants completed informed consent
procedures consistent with institutional IRB, NIH, and APA guidelines. At the initial visit,
participants were screened for the presence of a primary sensorimotor handicap, frank
neurological disorder (e.g., seizure disorders, brain tumor, cerebral palsy, hydrocephalus, head
injury with loss of consciousness), pervasive developmental disorder (i.e., autism, Asperger’s,
Rett’s, childhood disintegrative disorder), frank psychosis (i.e., schizophrenia, hallucinations,
delusions), diagnosed mental retardation, or the use of non-stimulant medication for ADHD.

Participants who did not endorse any of the previous criteria were invited to come back
for a second laboratory visit a few weeks later during which time they completed measures of
ADHD symptoms, temperament and personality traits, and comorbid disorders. ADHD

diagnostic criteria, for this study, was based on self report endorsement of 5 or more symptoms
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of inattention, hyperactivity-impulsivity, or both, based on the ADHD Rating Scale. Where
possible, this was validated using another informant report. Thirty-two percent of the participants
had another informant report available, usually a parent or a friend. Of those with other
informant report available, only 13% exhibited significant discrepancies in reports of inattentive
ADHD symptoms, as operationalized as a 3-point or greater discrepancy between self and other
report in this domain, while only 22% exhibited significant discrepancies in self and other
reports of hyperactive-impulsive ADHD symptoms, operationalized in the same way, providing
some support for the reliability of self report of ADHD symptoms.

Measures

ADHD Symptoms

Young adults completed the age appropriate version of the ADHD rating scale (Barkley,
2011). The rating scale includes 18 items that are consistent with DSM-IV diagnostic criteria for
ADHD. Participants used a 4-point Likert scale, ranging from 0 (Never or rarely) to 3 (Very
often), to rate their symptom severity and level of impairment over the past 6 months. Total,
inattentive, and hyperactive-impulsive symptom sums will be used.

Comorbid Adult Diagnoses

The Adult Self-Report (ASR; Achenbach & Rescorla, 2003) will be used to assess social
and emotional functioning. The ASR consists of 123 items rated on a 3-point scale: 0 = Not True,
1 = Somewhat or Sometimes True, 2 = Very True or Often True. This instrument yields
standardized scores on anxiety/depression, withdrawn symptoms, somatic complaints, thought
problems, attention problems, aggressive behavior, rule-breaking behavior, intrusive symptoms,
avoidant personality problems, and antisocial personality problems. Both raw and t-scores will

be utilized.
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Temperament and Personality Traits

Participants completed the NEO-Five Factor Inventory-3 (NEO-FFI-3; McCrae & Costa,
2007), a 60-item instrument that reliably and validly assesses the Big Five Factors of personality
(i.e., Neuroticism, Extraversion, Openness, Agreeableness, and Conscientiousness) in adults ages
12 to 99. Participants used a 5-point Likert scale, ranging from 0 (Strongly disagree) to 4
(Strongly agree) to rate themselves of various items assessing their personality (e.g., neuroticism,
“at times I have felt bitter and resentful;” agreeableness, “I try to be courteous to everyone |
meet;” conscientiousness, “I keep my belongings neat and clean;” extraversion, “I like to have a
lot of people around me;” openness, “I have a lot of intellectual curiousity”).

Participants also completed a short form of the Adult Temperament Questionnaire (ATQ);
Evans & Rothbart, 2007). The short form of the ATQ consists of 77 items describing
temperament characteristics. The questionnaire instructions consist of asking the individual to
rate how well the statements describe the individual on a scale from 1 (almost always untrue) to
5 (almost always true), yielding 10 scales assessing negative affect (“It doesn't take very much to
make feel frustrated or irritated”), extraversion/surgency (“I usually like to talk a lot”), and
effortful control (“If I think of something that needs to be done, I usually get right to work on
it”). The questionnaire is reliable and valid for use with young adults (Evans & Rothbart, 2007).
Likert scores for all of the items of a particular scale are summed and divided by the total
number of items belonging to that factor scale in order to obtain an overall factor score.

Data Analysis
The same data analytic strategy utilized in adolescents was also utilized in young adults. It

should be noted that in the young adult sample, latent profile analysis was conducted on negative

affect, surgency, effortful control, neuroticism, extraversion, conscientiousness, agreeableness,
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and openness. Minimal missingness was addressed using robust full information maximum
likelihood estimation (FIML; that is, direct fitting) in Mplus (Muthen & Muthen, 1998-2007), a
method of directly fitting models to raw data without imputing data (McCartney, Burchinal, &
Bub, 2006). In general, each variable was missing 4% or less of data points.

Chapter Five: Study 2- Young Adults Results

Latent Profile Analysis

Latent profile models containing one through five profiles were fit to all traits to exhaust
the available models. Significant improvements in fit occurred as the number of profiles
increased up to five profiles (Table 5). Thus, the five-profile model exhibited the lowest log
likelihood, AIC, and BIC, as well as the highest entropy and seemed to be the best fitting model.

Descriptive statistics for personality traits within each profile for each solution are shown
in Table 6 and depicted graphically in Figure 2. As shown in Table 6 and Figure 2, Profile 1 (n =
34) was labeled “high extraversion,” as this group exhibited relatively higher levels of surgency
and extraversion. Profile 2 (n = 39) was characterized by relatively higher levels of negative
affect and neuroticism, as well was lower levels of effortful control and conscientiousness, and
was labeled “high neuroticism.” Profile 3 (n = 13) exhibited relatively lower levels of surgency
and extraversion, and was labeled “low extraversion.” Profile 4 (n = 123) was labeled “low
openness,” as relatively lower levels of openness characterized this group. Profile 5 (n = 78) was
characterized by relatively lower levels of negative affect and neuroticism, as well as relatively
higher levels of effortful control and conscientiousness, and was labeled “low neuroticism”

As shown in Table 7, the percentage of young adults with ADHD falling into each group
significantly varied across the five profiles, y*(4) = 60.57, p = .000; young adults in the high

extraversion, high neuroticism, and low extraversion profiles were particularly likely to be
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diagnosed with ADHD compared with the low openness and low neuroticism profiles, based on
over half (50%) of the group being diagnosed with ADHD.

Comparison with Preschool and Childhood Profiles

As shown in Table 8, the relative percentage of individuals falling into each profile
significantly varied preschool, middle childhood, and young adult groups, y*(12)=247.72, p =
.000. Based on study hypotheses that a relatively larger percentage of individuals would fall into
the high neuroticism group in young adults, compared to preschool and childhood, targeted
posthoc comparisons were examined for the high neuroticism profile between preschool and
young adulthood, x*(1) = .18, p = .669, and between middle childhood and young adulthood,
v*(1)=7.81, p=.005. These results suggest, that in line with hypotheses, a relatively larger
percentage of individuals in young adulthood fell into the high neuroticism profile compared to
middle childhood; however, inconsistent with hypotheses, no significant differences were found
between preschool and young adulthood.

External Validation of Profiles

The profiles were next externally validated via a series of multivariate GLMs that
examined young adult profile differences in self-reported 1) ADHD symptoms and 2) comorbid
internalizing and externalizing problems. The overall multivariate GLM examining young adult
profile differences in self-reported inattention and hyperactivity-impulsivity was significant, F(8,
520) = 14.82, p = .000. Individual GLM identified significant differences in both self-report
inattentive symptoms, F(4, 260) = 32.09, p = .000, and hyperactive-impulsive symptoms, F(4,
260) =21.20, p = .000. Based on post-hoc least significant difference (LSD) tests, high

extraversion and high neuroticism profiles exhibited significantly higher levels of both
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inattentive and hyperactive-impulsive symptoms, while the low neuroticism profile had
significantly lower levels of inattentive symptoms, compared to all other profiles (Table 7).

The overall multivariate GLM examining young adult profile differences in self-report
comorbid internalizing and externalizing problems was also significant, F(56, 948) = 6.44, p =
.000. Individual GLM identified significant differences in anxious/depressed symptoms, F(4,
247) =46.88, p = .000, withdrawn symptoms, F(4, 247) = 33.66, p = .000, somatic complaints,
F(4,247)=23.79, p = .000, thought problems, F(4, 247) = 25.19, p = .000, attention problems,
F(4,247)=51.60, p = .000, aggressive behavior, F(4, 247) = 29.35, p = .000, rule-breaking, F(4,
247) =16.50, p = .000, intrusive symptoms, F(4, 247) = 18.10, p = .000, avoidant personality
problems, F(4, 247) = 45.76, p = .000, and antisocial personality problems, F(4, 247) = 18.34, p
=.000. Based on post-hoc LSD tests, the high neuroticism and low extraversion profiles
exhibited significantly higher levels of anxiety and depression (Table 7). The low extraversion
profile additionally exhibited significantly highest levels of withdrawn symptoms compared to
all other profiles, and the high neuroticism profile also exhibited significantly increased levels of
withdrawn symptoms compared to the high extraversion, low neuroticism, and low openness
profiles. These two profiles also had significantly higher somatic complaints and thought
problems, compared to the other profiles. The high extraversion, high neuroticism, and low
extraversion profiles exhibited significantly higher levels of attention problems. The high
neuroticism profile exhibited significantly higher levels of aggressive behavior, rule-breaking,
intrusive symptoms, and both avoidant and antisocial personality problems compared to various
other groups (see Table 7). The high extraversion profile exhibited significantly higher levels of
just rule-breaking, intrusive symptoms, and antisocial personality problems compared to various

other profiles. The low extraversion profile also exhibited significantly higher levels of avoidant
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personality problems, compared to all other profiles. Overall, the low extraversion profile
exhibited higher internalizing problems, the high extraversion profile exhibited higher
externalizing problems, and the high neuroticism profile exhibited higher comorbid problems,
compared to other profiles, whereas the low neuroticism and low openness profiles exhibited

fewer comorbid problems, compared to other profiles.
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Table 5.

Latent Profile Analysis Fit Indices: Young Adults

Profile Log likelihood AIC BIC Entropy
1-profile -5650.015 11332.029 11390.581  ------
2-profile -5504.849 11059.699 11151.186 0.738
3-profile -5453.778 10975.556 11099.978 0.753
4-profile -5420.703 10927.406 11084.764 0.748
S-profile -5391.291 10886.582 11076.875 0.802

Note. AIC = Akaike’s information criteria; BIC = Bayes information criteria. Boldface indicates

the best-fitting models.
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Table 6.

Latent Profile Solutions Using Young Adult Traits: Descriptive Statistics

Solution n NA SUR EC N E O A C
Five-profile solution
Profile 1 34 3.698  5.473 3.8903 21.091 38.305 33.860 31.461 28.554
Profile2 39 4.623  4.392 3.548 33.061 24.624 34.110 31.164 25.106
Profile3 13 4.617  3.381 5.006 29.634 18.125 36.920 36.558 34.404
Profile4 123 3.810 4.135 4288 21.729 29.803 28.963 33.057 29.802
Profile5 78 3.211 5.019 5.148 13.522 36.183 31.791 37.187 35.830

Note. NA = negative affect; SUR = surgency; EC = effortful control; N = neuroticism; E =

extraversion; O= openness; A = agreeableness; C = conscientiousness. Bold represents the best-

fitting solution.
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Table 7.

Young Adult External Validation: Five Profiles

High High Neuroticism Low Extraversion Low Openness  Low Neuroticism
Extraversion

% ADHD 71 90 69 38 23 ook
Inattention 6.40 (5.55)'*%  10.24 (5.46)'*4° 4.46 (2.79)**° 336 (3.70)'%% 171 (2.44)12345 wek
Hyper-Imp 7.43 (5.46)'°* 8.89 (5.20)**° 3.38 (2.40)'*° 3.56 (3.60)' > 2.74 (2.96)'* ok
Anxiety/Dep 7.16 (4.89)* 15.21 (5.02)'*4° 16.92 (8.43)'24°  7.13 (4757 371 (3.04)!234°  wkx
Withdrawn 1.75 (1.92)"*° 4.85 (2.50)"+>*? 733 (4.01)'2 224 (2,100 1.37 (1.25)23%  wek
Somatic Comp 2.53 (2.41)17 5.64 (3.03)"*° 458 (3.23)'2%  227(2.58)2  1.01 (1.29)"33H
Thought Prob 3.16 (1.89)"***° 539 (3.13)!**° 458 (2.84)'% 208 (1.74)"***  1.63 (1.59)!%%°  wkx
Attention Prob 9.56 (4.80)'** 13.15 (4.29)' 242 8.17 (3.83)*° 547 (3.57)"** 319 (2.45)1234°  wkx
Aggressive Bx 5.81 (3.65)!**° 9.18 (3.92)"43 5.67 (2.71)**3 4.10 317" 236 (2.32)M3H
Rule-Breaking 5.72 (3.39)!°*° 5.12 (3.52)>>*° 2.75 (1.48)"% 2.36 (2.46)"** 2.01 (2.54)" ok
Intrusive Sx 4.84 (2.45)"% 3,09 (1.97)"34° 83 (1.03)1%33 1.87 (1.81)"** 2.10 (1.96)"%3  xx
Avoidant Per 2.28 (2.10)"*° 6.09 (2.21)!42 8.42 (3.40)'*3 284 (234 1.54 (1.39)%3° ek

skskk

Antisocial Per

6.22 (3.30)'43

7.03 (3.31)>**°

4.25 (2.22)"*

3.56 (2.87)"**

2.70 (2.42)'

Note. Hyper-Imp= Hyperactivity-Impulsivity; Anxiety/Dep=Anxiety/Depression; Somatic Comp=Somatic Complaints; Thought
Prob=Thought Problems; Attention Prob=Attention Problems; Aggressive Bx=Aggressive Behavior; Intrusive Sx= Intrusive

Symptoms; Avoidant Per= Avoidant Personality; Antisocial Per=Antisocial Personality. Like superscripts indicate significant

differences on least significant difference (LSD) post hoc comparisons.

*#%p <.001 based on chi-square or GLM.
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Table 8.

Comparisons of Relative Percentage of Individuals Falling into Each Profile Through Young
Adulthood

. Young
Preschool Childhood Adolescence Adulthood
Low Neuroticism 48% 37% 53% 27%
High Extraversion 18% 38% 17% 12%
High Neuroticism 5% 1% 2% 14%
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Figure 2. Five-profile solution in Young Adults

31



Chapter Six: Discussion

While prior work has examined the utility of using a person-centered trait-based
approach to parsing ADHD in preschool (Martel, 2016) and childhood (Martel et al.,
2010), trait-based profiles had yet to be examined in adolescence and young adulthood,
which was the goal of the current study. The current study examined person-centered
trait-based profiles in adolescents and young adults in order to evaluate their similarity
with trait-based profiles in preschoolers and school-age children, as well as externally
validated those profiles in adolescence and young adulthood through examination of
mean differences in profile levels of comorbid internalizing and externalizing problems.
Results suggested at least three consistent trait-based profiles related to ADHD within
adolescents and young adults: low extraversion, high extraversion, and high neuroticism
profiles. These profiles were largely similar to those found in preschool and middle
childhood and demonstrated similar comorbidity patterns; namely, the low extraversion
profile exhibited higher internalizing problems, the high extraversion profile exhibited
higher externalizing problems, and the small high neuroticism profile exhibited
descriptively higher levels of all comorbid problems.

While five profiles were supported in both adolescents and young adults, with at least
three groups characterizing ADHD, there were some differences across age groups. In
adolescence, individuals with ADHD fell predominately into four groups: high
extraversion, low extraversion, low conscientiousness, and high neuroticism profiles.
However, in young adults, individuals with ADHD fell predominately into three groups:
high extraversion, low extraversion, and high neuroticism profiles. In young adults, the

profile characterized solely by low conscientiousness no longer emerged; rather, the high
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neuroticism group now also exhibited lower levels of conscientiousness. These findings
suggest that adults with ADHD-related problems may be characterized by both low
consciousness and high neuroticism. This is in line with prior work suggesting that
conscientiousness tends to decline from late childhood to adolescence and then increase
during young adulthood (Costa, McCrae, & Siegler, 1999; Roberts, Walton, &
Viechtbauer, 2006; Soto et al., 2011). It is possible that low conscientiousness might
improve in some individuals due to neural development, perhaps except for those with
high neuroticism, in line with prior work suggesting interactions between negative affect
and conscientiousness (Eisenberg et al., 1996; Martel & Nigg, 2006; Martel, Gremillion,
& Roberts, 2012). Overall, the three groups found across adolescence and adulthood,
namely high extraversion, low extraversion, and high neuroticism, suggest the
importance of affective and emotion regulation processes in ADHD, perhaps particularly
in older individuals, as has been suggested in recent theory of ADHD (Martel, 2009;
Wehmeier, Schacht, & Barkley, 2010). Furthermore, this could be viewed as consistent
with cortical immaturity findings in ADHD (Shaw et al., 2007) which might suggest that
in adolescence and adulthood individuals with ADHD are still working on mastering
emotion regulation through development of cortical-limbic connectivity (Casey et al.,
2008; Fair et al., 2010).

Counter to hypotheses, results suggested that a significantly larger percentage of
individuals fell into the high neuroticism profile during preschool, compared to
adolescence, but -- in line with hypotheses -- a significantly larger percentage of young
adults fell into the high neuroticism profile compared to middle childhood. This could be

due to the fact that the preschool sample was over-recruited for not only ADHD, but

33



ODD as well, a disorder characterized by higher levels of negative affect (Stringaris,
Maughan, & Goodman, 2010). Furthermore, the low conscientiousness group seen in
preschool through adolescence seemed to be absorbed into the high neuroticism group in
adulthood. This could be due to the debilitating role of dysregulated neuroticism in
adulthood (Lahey, 2009).

Results suggested the five profiles in adolescence exhibited distinct comorbidity
patterns. In adolescence, although the high neuroticism profile was a small group of
individuals, these individuals seem to be the most impaired in regard to exhibiting higher
levels of both internalizing (i.e. thought problems, intrusive symptoms, avoidant
personality problems) and externalizing (i.e. aggressive behavior, rule-breaking,
antisocial personality problems) comorbid problems. The low conscientiousness and high
extraversion profiles exhibited relatively higher levels of comorbid externalizing
problems, including aggression and rule-breaking. While the low extraversion profile
exhibited lower levels of hyperactivity-impulsivity, this profile exhibited increased
withdrawal and depression. The low neuroticism profile exhibited lower levels of
comorbid internalizing and externalizing problems. Therefore, individuals with extremely
high neuroticism might be at risk for multiple forms of psychopathology, consistent with
work suggesting that negative emotionality might explain the p-factor, or general factor,
of psychopathology (Tackett et al., 2013). In contrast, low conscientiousness and high
extraversion might be uniquely associated with externalizing problems (Krueger, 2002;
Martel, 2009), and low extraversion, or positive affect, might put individuals at risk for

internalizing problems (Clark & Watson, 1991).
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The five profiles in young adulthood exhibited a similar pattern of distinct
comorbidities. The small high neuroticism, the high extraversion, and the low
extraversion profiles exhibited similar patterns of high levels of all problems, high
externalizing problems, and high internalizing problems, respectively, while the low
neuroticism profile exhibited low levels of comorbid problems. However, in addition,
there was a low openness profile that also exhibited low levels of most comorbid
problems, although this group exhibited higher levels of anxiety and depression
compared to the low neuroticism profile.

Overall, across development in cross-sectional samples from preschool to young
adulthood, a high extraversion group emerged within ADHD, and this group seemed at
risk for externalizing problems (Martel et al., 2010; 2016). In addition, a small group of
individuals with high neuroticism (and, for adults, also low conscientiousness) emerged
across developmental periods which were at risk for all types of comorbidity (Martel et
al., 2010; 2016). For preschool through school-age children, a separate group with low
conscientiousness also emerged that exhibited higher levels of externalizing problems.
Finally, across childhood, adolescence, and young adulthood, individuals with ADHD
and low extraversion exhibited increased internalizing problems (Martel et al., 2010),
possibly in line with a sluggish cognitive tempo group of children with more pure
inattentive symptoms within ADHD who are also at increased risk for depression
(Barkley, 2013; Becker et al., 2014; Milich, Balentine, & Lynam, 2001). A low
extraversion profile did not emerge in preschool, which suggest that introversion might
be less important in preschool. This could be related to the fact that introversion seems to

be a risk factor for depression, and depression is practically nonexistent in preschool.
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Therefore, this work suggests that high extraversion, high neuroticism, or low
conscientiousness in individuals with ADHD might be good markers for risk for
comorbid externalizing problems, while low extraversion within ADHD might be a
marker for internalizing comorbidity.

This work importantly suggests the possible utility of early trait measurement for
predicting the course of ADHD, as well as comorbid problems, given that traits can be
measured as early as infancy (Rothbart, 1986). An important future direction is
examining whether trait-based profiling approaches allow for accurate prediction of
longitudinal comorbidity development in individuals within ADHD. In addition, such
work suggests the possibility of use of interventions targeted to trait profiles in order to
decrease ADHD symptoms, as well as comorbid problems. For example, those with low
extraversion could receive treatment such as behavioral activation and assertiveness
training to decrease likelihood of internalizing symptoms.

While this study builds on previous work examining person-centered trait-based
profiles of ADHD in preschool and childhood and extends this work into adolescence and
young adulthood, it is not without limitations. This study is a first step in examining trait-
based profiles within ADHD across development, as this research is cross-sectional. As a
result, each sample is different, and there were some differences in measures utilized in
the different age ranges. This limitation highlights the need for longitudinal work on trait-
profile associations with comorbidity over time in the same group of individuals.
Additionally, observational measures might provide important additional information.
Finally, some of the subgroups were small, so replication in other samples is an important

future direction.
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Overall, in adolescence and young adulthood, at least three trait-based profiles
characterize individuals with ADHD: a high extraversion profile, a low extraversion
profile, and a high neuroticism profile. These profiles exhibited similar comorbid patterns
across development, such that those characterized by high neuroticism exhibit relatively
higher levels of both internalizing and externalizing problems; those characterized by low
extraversion exhibit relatively higher levels of internalizing problems, including
withdrawal and depression; and those with high extraversion exhibit relatively higher
levels of externalizing problems, including aggression and rule-breaking. Although trait-
based profiles across development were largely similar, there were some important
differences. The low conscientious profile no longer emerges in young adulthood.
Instead, the high neuroticism profile in young adulthood also exhibits lower levels of
conscientiousness. Additionally, the low extraversion profile that emerges in middle
childhood, adolescents, and young adulthood, is not present in preschool. This research
suggests traits might be a useful subtyping approach for ADHD, as the current subtypes
of ADHD in the DSM fail to demonstrate external validity, and these trait-based profiles
appear to exhibit unique comorbidity patterns. Such an approach might have useful

implications for early assessment and personalized intervention for ADHD.
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Appendices
Appendix 1.

Latent Profile Solutions Using Adolescent Traits: Descriptive Statistics

Solution n NE N E O A C
Four-profile solution
Profile 1 27 4902 4228 6.087 5536 4.573 3.602
Profile 2 121 3.038 3445 5556 6.096 6.816 6.096
Profile 3 31 4408 5304 4186 5.899 6.561 4.568
Profile 4 3 7134  7.583 3933 5945 5372 4.848

Note. NE = negative emotionality; N = neuroticism; E = extraversion; O= openness; A =
agreeableness; C = conscientiousness. Bold indicates best-fitting solution.
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