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ABSTRACT
EARLY DEVELOPMENT OF ADHD AND ODD SYMPTOMS FROM THE
TODDLER TO PRESCHOOL YEARS
SEPTEMBER 2021
HALLIE BROWN, B.A., HAMILTON COLLEGE
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
PH.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Elizabeth A. Harvey
ADHD and ODD are common and impairing externalizing disorders in childhood that are
often comorbid. Understanding the development of these symptoms when they first
emerge is crucial for better identifying children who are at-risk for later impairment.
Parents (N = 273) were recruited via Amazon’s Mechanical Turk to complete surveys
about their 2-year-old, followed by surveys every six months for two years. Children’s
general pattern of ADHD and ODD symptom growth were examined with latent class
analyses. Temperament traits were subsequently added as covariates. Dual group-based
trajectories and cross-lagged analyses examined the co-development of these disorders.
Results showed 4 distinct growth trajectories for each symptom domain. Most children
follow low symptom trajectories of ODD and each domain of ADHD. A small portion of
children show high symptoms across time, and others show moderate or increasing
symptoms. Only the hyperactive/impulsive domain of ADHD showed a declining
symptoms group akin to the “terrible twos.” Temperament traits of low effortful control,
high negative affect, and high surgency increased odds of membership in high symptom
groups. Children with high ODD symptoms across time had a high likelihood of
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membership in high ADHD symptom groups; the converse was true but probabilities
were lower. Finally, hyperactive/impulsive symptoms predicted ODD symptoms across
time, more than vice versa, while ODD predicted inattention symptoms. The study
extends the small body of literature assessing the early development of ADHD and ODD
and uses DSM-based symptoms to enhance clinical utility. Findings suggest that some
children with early symptoms of ADHD or ODD are at risk for continued
symptomatology and developing comorbid symptoms.
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CHAPTER 1
INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) and oppositional defiant disorder
(ODD) are two common externalizing disorders in children that can cause substantial
functional impairment across multiple domains (e.g., de la Osa et al., 2019; Gupte-Singh
et al., 2017; Halvorsen et al., 2019; Johnston & Mash, 2001). ADHD is characterized by
developmentally deviant symptoms in one or both of two domains: inattention (e.g.,
distractibility, disorganization) and/or hyperactivity/impulsivity (e.g., overactivity,
interrupting). Etiology of ADHD is thought to be largely biological; genetic risk factors
contribute to neural (e.g., pre-frontal cortex) and neurotransmitter (e.g., dopaminergic)
network abnormalities, and reduced volume in certain brain regions (e.g., Faraone et al.,
2015; Sharma & Couture, 2015). However, environmental factors such as hostile
parenting styles, parent psychopathology, exposure to toxins, and deprivation are also
implicated in symptom development (e,g., Bornovalova et al., 2010; Faraone et al.,
2015). ODD involves frequent hostile and defiant behaviors that span three domains:
irritability, argumentativeness, and/or vindictiveness. The disorder is also thought to have
both genetic and environmental (e.g., parent psychopathology, family drug use) causes
(e.g., Bornovalova et al., 2010), though there is suggestion that ODD is more influenced
by environmental factors than ADHD (Azeredo et al., 2018). ADHD and ODD are highly
comorbid; about 40% of children with ADHD also have ODD (e.g., Elia et al., 2008),
perhaps due in part to their overlapping risk factors.
Signs of ADHD and ODD often emerge early in life and both disorders can be
diagnosed as young as preschool (American Psychiatric Association, APA, 2013).
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Research has shown that symptoms are fairly stable starting in preschool, with around 7590% continuing to meet criteria several years later (e.g., Lahey et al., 2004; Riddle et al.,
2013). However, compared to research on school-age children, the early emergence of
symptoms of these disorders is less well studied. Better understanding the early
development of these disorders is essential for early intervention and prevention. One key
area of investigation is differentiating the early emergence of symptoms from typical
toddler developmental phases (i.e., “terrible twos”). It is important not to overpathologize
a normal developmental phase, yet identifying children who may show stable high levels
of these behaviors could lead to better early interventions to optimize prognosis, similar
to efforts with other neurodevelopmental disorders such as autism spectrum disorder.
Early identification of these disorders requires a better understanding of the common
patterns of symptom development that children follow in early childhood, including the
way these two highly comorbid disorders co-develop. Further, identifying early factors
such as temperament traits that can predict these patterns will help elucidate which
children may at risk for more chronic symptomatology versus which children are in a
transient developmental phase.
1.1 Normative Behavior in Toddlers
Identifying early signs of psychopathology in toddlerhood is challenging because
toddlers are in a developmentally normative phase characterized by behavior resembling
externalizing symptoms, including high activity and oppositional behavior. Toddlers are
commonly defiant, argumentative, and temperamental (e.g., Campbell, 1990; Kochanska
et al., 2001; Wakschlag et al., 2012) and observational studies have found high rates of
parent-child arguing at this age (e.g., Dix et al., 2007). These behaviors are thought to
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occur because toddlers are learning to exert their autonomy (e.g., Dix et al., 2007;
Erikson, 1963) and have limited abilities of self-regulation and behavioral control (e.g.,
Kochanska et al., 2001; Rothbart et al., 2011). Distinguishing between emerging
psychopathology and normative development is thus challenging due to the nature of
typical behavior at this age. However, although these behaviors may be common features
of the toddler years, not all toddlers age out of this phase. It is possible that for some
toddlers, these behaviors are not “terrible twos” and instead represent the onset of more
serious externalizing symptoms. A growing body of literature suggests that some toddlers
show significant behavior problems beyond typical toddlerhood, and importantly, a small
body of longitudinal studies suggest that not all toddlers “grow out” of this
developmental phase and in fact are at risk for chronic symptomatology. Understanding
patterns of these symptoms beginning in toddlerhood may help differentiate typical
toddlerhood from early signs of behavior disorders.
1.2 Early Emergence of ADHD and ODD
1.2.1 Cross sectional research
Although behavior problems are common in toddlers, there appears to be a subset
of toddlers who show severe levels of ADHD- and ODD-like symptoms distinct from
normative developmental behavior. Several studies have found that a portion of children
as young as 2 years old show clinically elevated levels of ADHD and ODD symptoms,
suggesting that there are some toddlers who display externalizing psychopathology
beyond what might be developmentally appropriate. For instance, Lavigne and colleagues
(1996) found that 12.6% of 2-year-olds met criteria for ODD, with 7.1% showing severe
cases, while 2% of community children age 2-5 met criteria for ADHD (though rates for
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2-year-olds alone were not reported). Among clinic-referred children (i.e., children whose
parents have behavioral concerns), rates are higher. Keenen & Wakschlag (2000) found
that almost 80% of parent-referred toddlers and preschoolers met criteria for
externalizing disorders, with 59.5% meeting criteria for ADHD and 59.5% meeting
criteria for ODD, though estimates were not presented separately for toddlers. Fox and
colleagues (2007) found that among toddlers referred to a low-income mental health
clinic, 48.1% showed ODD and a small portion (1.9%) presented with ADHD. These
studies indicate that some toddlers show clinically significant levels of these symptoms,
and further, that some children’s behavior is severe enough to motivate parents to seek
professional help. Additionally, there is some evidence that toddlers displaying severe
levels of these behaviors are distinguishable from typical toddlers. Seminal work by
Campbell and colleagues in the 1980s found that clinic-referred toddlers with behavior
problems could be distinguished from control children with 88% accuracy, using parentreport and laboratory measures of behavior (Campbell et al., 1982). Taken together, these
studies suggest some children may display high levels of ADHD and ODD symptoms in
toddlerhood, and that parents and clinicians distinguish these young children from peers.
However, these cross-sectional studies do not establish if these early difficulties are
transient, which requires longitudinal research.
1.2.2 Longitudinal Studies
A smaller body of literature suggests that a portion of children who show high
symptoms of ADHD or ODD in toddlerhood continue to show impairing symptoms over
time. Other children show a reduction in symptomatology, suggesting they “grow out” of
a developmental phase. In a series of seminal studies, Campbell and colleagues followed
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two cohorts of externalizing 2- to 3-year-old children (Campbell et al., 1982). At age 6,
half of the children with earlier behavior problems showed persistent symptoms, with one
third meeting criteria for ADHD and 15% showing clinically significant aggression
(Campbell et al., 1986). At age 9, 52% (15 out of 29 children) showed persistent
problems, as reported by parents and teachers (Campbell & Ewing, 1990), with almost
20% meeting criteria for ADHD and just over 25% meeting criteria for ODD or Conduct
Disorder (CD; Pierce et al., 1999). In adolescence, a majority of the children continued to
show clinically relevant behavior problems, with over 50% meeting criteria for ADHD
and over 40% for ODD/CD (Pierce et al., 1999). Children who showed persistent
problems during childhood were even more likely to have disorders in adolescence than
children with less persistent problems, suggesting that early onset and chronic symptoms
confer the greatest risk for later externalizing disorders. Other studies have similarly
found that toddlers with behavior problems show stability in symptoms; for instance,
70% of children with disruptive behavior disorders at ages 2-5 still showed these
disorders about 2 years later (Lavigne et al., 1998), though rates specifically for 2-yearolds were not provided.
A handful of trajectory-based studies have elucidated common growth patterns of
these symptoms, and have provided additional evidence that toddlers with particularly
high levels of ADHD and ODD symptoms continue to show stable levels of these
symptoms across early childhood. A small portion of toddlers show chronic ODD-like
behavior (e.g., aggression and conduct problems), with rates ranging from 4% to 25% of
children falling in the chronic symptoms group (e.g., Côté et al., 2006; Huijbregtset al.,
2007; Petitclerc et al., 2009; Shaw et al., 2003; Shaw et al., 2005; Tremblay et al., 2004).
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Similar studies of ADHD have shown that a small portion of toddlers with severe
symptoms continue to show high symptoms across early childhood; rates vary across
studies from 2% to 20%, though most are under 8% (Galéra et al., 2011; Huijbregts et al.,
2007; Leblanc et al., 2008; Palfrey et al., 1985; Romano et al., 2006; Salla et al., 2016;
Shaw et al., 2005). Thus, although rates vary, a substantial minority of toddlers show
elevated symptoms of ADHD and ODD that continue across early childhood. These
trajectory studies also identify other common growth patterns, including a portion of
children who show symptom remittance, others who show more moderate
symptomatology but may show impairment later, and others who show few symptoms
across time. More thorough evaluation of these trajectories can help clarify the typical
growth patterns of these symptoms, including improving early identification of a
clinically high-risk group.
Expanding these trajectory studies is important due to a number of limitations in
the current literature. Given the lack of diagnostic measures validated for use at this age,
these longitudinal studies rely on a small number of non-DSM based items to measure
symptoms, such as a handful of items from a child behavior checklist. The small number
of symptoms used limits the clinical utility of these findings, particularly since ADHD
and ODD are heterogeneous disorders with individuals showing different combinations
of symptoms. Relatedly, ADHD studies mostly examine the hyperactive/impulsive
domain but not the inattentive domain, with some exceptions (e.g., Galán et al., 2019;
Galéra et al., 2011; Salla et al., 2016). Research suggests ODD is multidimensional,
consisting of multiple distinct but related domains (e.g., Burke et al., 2010; Burke et al.,
2014; Stringaris & Goodman, 2009); however, many studies simply example a handful of
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symptoms such as aggression rather than all DSM-based symptoms. Findings from the
first wave of data collection for the present study suggest that DSM-based symptoms of
both domains of ADHD can be applied to the toddler years (Brown & Harvey, 2018), but
most studies have not examined all DSM symptoms of these two externalizing disorders
and how they change over time, thus limiting our understanding of the severity and
chronicity of symptoms. Despite these limitations, past studies suggest that there are
children who are not simply in a toddlerhood defiant and overactive stage, but that they
continue to show high levels of externalizing symptoms.
1.3 Temperament Risk for ADHD and ODD
Temperament refers to an individual’s reactivity and self-regulation, which is
thought to have biological underpinnings yet is also malleable by environmental factors
(Rothbart et al., 2000). Reactivity includes excitability and arousal whereas selfregulation refers to modulating one’s reactivity (Rothbart et al., 2000). Temperament
traits are thought to be related to psychopathology, though the nature of this relation has
been debated. One theory posits that psychopathology represents extreme versions of
temperament traits (spectrum model; Tacket, 2006). However, some findings refute this
theory; for instance, Nigg et al. (2002) found that temperament traits only explain half of
the variance in ADHD symptoms. Others have proposed a vulnerability model (Tacket,
2006) which suggests that certain temperament traits predispose individuals to develop
psychopathology.
A large body of literature has linked temperament traits to the development of
ADHD and ODD symptoms. Traits of poor effortful control, high surgency/extraversion,
and high reactivity, particularly negative affect, are related to later ADHD and ODD

7

symptoms (e.g., Kochanska & Knaack, 2003; Murray & Kochanska, 2002; Rubin et al.,
2003; Stifter et al., 2008; Stringaris et al., 2010; Wichstrøm et al., 2018). However,
although multiple temperament domains have been linked to each disorder, theory also
suggests some specificity of traits to later symptom domains. Martel (2009) proposes
several models of temperament risk for ADHD and ODD. These theoretical models
generally suggest that low effortful control confers risk specifically for the inattentive
domain of ADHD due to the relevance of cognitive control and top-down processing to
these symptoms. In contrast, poor reactive control, including more extreme positive and
negative emotions, is proposed to confer risk for the hyperactive/impulsive domain of
ADHD which is characterized by more emotion dysregulation and bottom-up processing.
Poor reactive control is also theorized to confer risk for ODD, though Martel (2009)
suggests this may be via hyperactive/impulsive symptoms of ADHD. There is limited
empirical research examining this theoretical model, but some studies have found such
specificity. For instance, in children and adolescents, traits representing top-down
processing or effortful control (e.g., response inhibition, conscientiousness) relate more
strongly to inattentive symptoms while reactive or bottom-up processing traits (e.g.,
negative emotion, agreeableness) relate more strongly to hyperactive/impulsive
symptoms (Martel et al., 2009). Further, although multiple domains predict ODD,
negative affect is a more consistent predictor of symptoms than other temperament
domains (Wichstrøm et al., 2018). More research is needed to build on this small body of
research to clarify how different temperament traits predispose children towards ADHD
and ODD.
In addition to examining how temperament predicts the level of symptoms of
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psychopathology, some studies have examined how temperament predicts growth of
symptoms. That is, temperament may confer risk for the development of
psychopathology and whether symptoms remain chronic versus represent a transient
stage. The small number of studies examining how temperament traits predict growth
(i.e., trajectories) of externalizing symptoms reveal mixed findings. For instance, difficult
temperament has been shown to predict steeper decline in externalizing symptoms, likely
related to starting with a large number of symptoms (e.g., Miner & Clarke-Stewart,
2008). In contrast, declining effortful control in adolescents predicted increasing ADHD
and ODD symptoms over time (Atherton et al., 2019), whereas in younger children,
infant temperament did not relate to rate of change of externalizing symptoms (Owens &
Shaw, 2003). Other studies suggest difficult temperament is related to worse outcome,
but due to moderating effects on the growth of symptoms: toddlers with difficult
temperament were more vulnerable to influence by environmental factors (e.g., parenting,
parent psychopathology) in terms of their risk and protective factors for later
externalizing symptoms, whereas children with easier temperament did not show such
vulnerability (e.g., Kochanska & Kim, 2013; Mesman et al., 2009; Owens & Shaw,
2003). More research is needed to clarify the nature of the relationship between
temperament and growth of externalizing disorders. Importantly, studies are needed to
examine how toddler temperament traits confer risk of ADHD and ODD symptom
trajectories using the DSM-based criteria (i.e., not a broadband externalizing measure).
Such analyses are important for informing our understanding of the specificity of
temperament risk on psychopathology and differentiating between children likely to show
chronic symptoms from those in a developmental phase.
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1.4 Co-Development of ADHD and ODD
High comorbidity between ADHD and ODD has been well-documented, but the
reasons for their overlap are not well-understood. It has been theorized that overlap may
be due to correlated risk factors, with both disorders stemming from a shared etiology
(Rhee et al., 2008), such as common genetic factors (e.g., Harvey et al., 2016; Kerekes et
al., 2014; Tuvblad et al., 2009). In particular, earlier onset of comorbidity is thought to be
related strongly to a shared genetic influence (see Azeredo et al., 2018). However,
researchers have also argued that ADHD and ODD may be causally related to each other;
studies have found that children with ADHD are at risk for ODD symptoms, with some
evidence that this relation is mediated by factors such as family stress or parenting
practices (e.g., Harvey et al., 2016; Kaiser, et al., 2010). Longitudinal research that
examines how ADHD and ODD change together and predict one another over time
during early development is important toward elucidating a causal connection between
the development of ADHD symptoms and ODD symptoms. Dual trajectory and crosslagged models are two statistical approaches to analyzing longitudinal data that are wellsuited to examining these connections.
Group-based dual trajectory models allow us to examine whether children on
certain trajectories of one type of disorder are likely to follow specific trajectories of
other disorders. In contrast to relying on correlations between constructs (e.g., correlation
between inattention and ODD), these models take into account the heterogeneity in
developmental trajectories, since correlations may not apply similarly to all individuals
(Nagin & Tremblay, 2001). Past studies examining such dual trajectories have found that
children following low trajectories of hyperactivity or conduct problems similar to ODD
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(e.g., aggression, tantrums) were likely to follow low trajectories of the other symptom
domain; likewise, chronic high trajectories were linked (e.g., Fontaine et al., 2008; Shaw
et al., 2005), suggesting growth of these disorders is related. Similarly, Jester and
colleagues (2005, 2008) found that some children are on chronic trajectories of both
aggression and inattention/hyperactivity, which puts them at risk for worse outcomes.
They also found that some children were only on the chronic trajectory of one disorder
and not the other, which conferred less risk for poor outcomes. These studies further
indicate that growth of these disorders may be positively related at least for some
children. However, there are some important gaps in the literature. For example, it is
important to extend findings to other symptoms of ODD instead of just aggression, and to
examine separate domains of ADHD rather than combining symptoms from a broadband
measure (e.g., Jester et al., 2008). Additionally, few studies have examined younger
children (e.g., Shaw et al., 2005), an important gap because disorders may be first
emerging at this time and thus there may be greater benefit of intervention to alter
trajectories. A more thorough examination of the ways risk trajectories intersect for these
disorders might help elucidate the way these two disorders change together as symptoms
develop in early childhood.
Cross-lagged analyses can be used to examine the directional nature of ADHD
and ODD across time; that is, they can examine whether symptoms of one disorder
predict symptoms of the other at subsequent time points, controlling for earlier
symptoms. Several studies have utilized cross-lagged analyses to examine the relation
between ADHD and ODD or related symptoms, although mostly in older children after
initial symptoms may have emerged. These studies examining the bidirectional
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relationship between ADHD and ODD have generally provided evidence that ADHD is
more predictive of ODD than vice versa. For example, across three time points in a twoyear period of elementary schoolers, ADHD was more predictive of ODD than ODD was
predictive of ADHD (Burns & Walsh, 2002). Across school-age through adolescence,
Burke et al., (2005) found that ADHD symptoms, specifically hyperactive/impulsive but
not inattentive symptoms, predicted subsequent ODD symptoms; the reverse direction
was reported only as marginally significant. One study in preschoolers (Harvey et al.,
2016) similarly suggests that the specific domain of symptoms might matter to
directionality. At different time points, each domain of ADHD (hyperactive/impulsive
and inattention) predicted subdomains of ODD: argumentative/defiant and
anger/irritability. In the reverse direction, only the argumentative/defiance domain of
ODD predicted inattentive symptoms, and only for boys. This finding supports the need
to examine gender differences in bidirectional relations. Further, Harvey et al. (2016)
was, to my knowledge, the only study examining cross-lagged relations between ADHD
and ODD in young children; other studies have focused on older children, and none on
toddlers. It is possible that the directional relations differ by age. Studying the
bidirectional relation between ADHD and ODD when these symptoms first emerge in
toddlerhood will help clarify the causal nature and ultimately suggest directions for
intervention to prevent comorbid symptoms.
In sum, understanding the nature of how ADHD and ODD symptoms co-develop
and influence each other over time is important because outcomes are notably worse
when children have both disorders (e.g., Galán et al., 2019; Shaw et al., 2001). By better
understanding how these disorders co-develop, researchers can hopefully develop
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targeted interventions to reduce co-occurring symptoms and impairment. Evaluating
symptom growth using all diagnostic symptoms (i.e., Diagnostic and Statistical Manual
of Mental Disorders, 5th edition, DSM-5; APA, 2013) will provide a more precise
measure of trajectories than using a handful of symptoms from behavior rating scales.
Overall, longitudinal studies suggest that growth of these disorders may be related, but
this is a small body of literature and limited by the lack of focus on DSM-based
symptoms. Extending this literature to toddlers and using symptoms that are part of the
diagnostic criteria is imperative for better understanding the relation between these
symptoms in early childhood.
1.5 Gender Differences
Symptoms of ADHD and ODD have been found to be more prevalent in boys
than girls, though findings are somewhat mixed depending on age. As such, when
examining these disorders, it is important to consider potential gender differences. Crosssectional studies show that boys have more symptoms of ADHD compared to girls during
the school-age years (DuPaul et al., 2016). This difference is less consistent in younger
years and may be smaller. In one study, preschool boys and girls showed no statistical
difference in the number of ADHD symptoms (McGoey et al., 2007). In contrast,
Lavigne et al. (2009) found that more preschool boys met criteria for ADHD inattentive
presentation than girls, though other subtypes of ADHD did not show gender differences.
In the first wave of the present study, there was a small effect where 2-year-old boys
showed more hyperactive/impulsive symptoms than girls, though there were no gender
differences in inattentive symptoms (Brown & Harvey, 2018). Like ADHD, ODD is
more prevalent in boys in middle childhood (e.g., ages 5 to 15; see Demmer et al., 2017
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for review). Although toddler boys may show more aggression than girls (e.g., Rubin et
al., 2003), overall rates of ODD in preschoolers appear no different across genders
(Lavigne et al., 2009), suggesting that gender differences may be smaller in younger
children. Overall, there is mixed evidence as to whether rates of ADHD and ODD are
higher for younger boys and girls.

Trajectory-based studies show gender differences

such that boys are more likely to be on a chronic high-risk trajectory of ODD (e.g.,
Petitcler et al., 2009) and ADHD (e.g., Romano et al., 2006) symptoms compared to girls.
Temperament risk factors may also differentially affect genders, though there are mixed
findings. For example, the relation between toddler effortful control and preschool
externalizing problems was present for boys but not girls in one study (Smith & Day,
2018), though showed no gender differences in another study (Rubin et al., 2003). Thus,
risk for and trajectories of ADHD and ODD symptoms may not be uniform for boys and
girls, though more research is needed given the mixed findings.
1.6 The Present Study
The present study examines the longitudinal development of symptoms of ADHD
and ODD across two years beginning in toddlerhood (age 2). I aim to address an
important gap in the literature by examining trajectories of ADHD and ODD using DSMbased symptoms, to enhance clinical utility. Given their high comorbidity, evaluating
these two disorders simultaneously will help elucidate how the development of symptoms
of one disorder relates to symptoms of the other. Research on the overlap between these
disorders is mixed and generally focuses on older children, without using symptoms
aligned with diagnostic criteria. Understanding early signs of these disorders is crucial for
identifying children who may benefit from early intervention, particularly high-risk
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children. Specific research questions I address are as follows:
1. What are common trajectories of DSM symptoms of ADHD and ODD from
ages 2 to 4? This study builds on existing longitudinal research to identify distinct
developmental pathways of DSM-based symptoms of ADHD and ODD. I
estimated group-based trajectories for ADHD (inattentive and
hyperactive/impulsive domains) and ODD1 symptoms to identify models that best
represent symptom growth over time. I expected that for inattention,
hyperactivity/impulsivity, and ODD, a small portion of children, representing
children displaying early emergence of ADHD/ODD, would show a high stable
level of symptoms starting in the toddler years. A second group of children,
representing children growing out of normative toddler behaviors, were predicted
to show declining symptom levels. A third group of children, reflecting children
who may be at risk for later onset of ADHD/ODD, were expected to show
moderate or increasing levels of symptomatology. Finally, I expected that a
portion of children, representing children who are at low risk for
psychopathology, would show a low non-clinical level over time. I also tested
whether there are gender differences in the proportion of children in each
trajectory. Given the higher prevalence of ADHD and ODD symptoms in boys
compared to girls, I expected that the proportions in each trajectory would differ
by gender, with more boys in chronic high-risk or moderate symptom groups and
more girls in improving and low-risk groups.

1

Although ODD can be broken into subdomains, these domains have 2-3 symptoms each
and thus were unstable for the complex analyses in this study.
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2. Does toddler temperament distinguish among trajectory groups? I tested
whether toddlerhood temperament traits predicted membership in growth
trajectories. Past research findings suggest that temperament traits of low effortful
control and high surgency predict later ADHD and ODD symptoms, with high
negative affect possibly more strongly predictive of ODD symptoms than the
other temperament domains (Wichstrøm et al., 2018). Although findings
predicting growth have been mixed, based on theory (Martel, 2009) I expected the
temperament trait of effortful control would predict early and sustained elevations
in inattention (i.e., high stable or increasing symptoms groups). In contrast, traits
of high surgency and high negative affect, generally representing high reactivity,
were expected to predict early and sustained elevations in
hyperactivity/impulsivity. High negative affect was also expected to predict early
and sustained symptoms ODD.
3. How do symptom trajectories of ADHD and ODD covary over time?
Examining how ADHD and ODD symptoms covary across early development is
important for better understanding how comorbidity between these disorders
develops. In particular, evaluating how these symptoms change together over time
and teasing apart the bidirectional influences of these symptoms on one another
can inform theoretical models of comorbidity. First, I used group-based dual
trajectories to examine how trajectory membership in one domain (e.g.,
hyperactivity/impulsivity) was associated with trajectory membership in another
domain (e.g., ODD). I expected that children on chronic high-risk trajectories for
either domain would be more likely to be in the chronic high-risk trajectory of the
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other domain, and vice versa. Second, I examined the bidirectional influences of
ADHD and ODD on one another using a series of cross-lagged models of
symptoms across two years (5 times points), to better understand whether
symptoms of one disorder confer risk for the other disorder. Past literature
suggests that ADHD symptoms may confer risk for ODD via impact on factors
such as parenting and family stress (Harvey et al., 2016; Kaiser et al., 2010).
Thus, I expected that ADHD domains would be generally more predictive of
ODD than vice versa. It was expected that both domains of ADHD contribute to
ODD symptoms. However, the hyperactivity/impulsivity domain of ADHD was
expected to be a stronger predictor of ODD symptoms compared to the inattention
domain, given findings that this domain particularly disrupts family processes
(e.g., parenting) that contribute to ODD symptoms (e.g., Nelson et al., 2019).
ODD was expected to be less predictive of ADHD than vice versa. However, it is
possible that ODD may predict ADHD differently for boys and girls, similar to
past findings that some subdomains of ODD predicted inattentive symptoms for
boys, but not girls (Harvey et al., 2016).
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CHAPTER 2
METHOD
2.1 Participants
Participants/guardians were parents (N = 273) of young children (157 boys; 116
girls) who were recruited online via Amazon’s Mechanical Turk (MTurk) to complete
surveys about their 2-year-old children (Time 1) and follow-up surveys every six months
for 2 years, for a total of five time points. Participants were drawn from a larger study;
parents/guardians in the present study completed Time 1 and at least one additional time
point.2 At Time 1, children were 2 years old (M = 29.32 months, SD = 3.53), followed by
Time 2 (M = 35.38 months, SD = 3.69), Time 3 (M = 41.46 months, SD = 3.53), Time 4
(M = 47.39 months, SD = 3.77), and Time 5 (M = 53.37 months, SD = 3.60).
Parents/guardians included 218 biological mothers, 51 biological fathers, 2 step or
adoptive mothers, and 3 step or adoptive fathers. Most (72.5) toddlers were White, with a
small portion (10.6%) identified as multi-racial, Black (5.1%), Asian (1.8%), or
American Indian (.7%). In regard to ethnicity, 11.3% of toddlers were identified as
Latino/Hispanic. Participants resided in 47 states across the United States. Parents were
almost all (99%) high school graduates, with an additional 48.2% achieving at least a
bachelor’s degree. We excluded toddlers with chronic genetic or medical conditions or
those who had diagnosed or suspected autism or intellectual disability at Time 1. A small
portion of parents at Time 1 reported that their child had a diagnosed (1.1%) or suspected
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Children whose parents did not complete a follow-up did not differ from children with
follow-ups on any temperament or psychopathology variable, although they were on
average 1 month younger than those who had at least a second time point; t(417) = 2.90,
p = .004.
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(2.5%) developmental or verbal delay. A small portion of parents (4.7%) suspected their
toddler might have ADHD at Time 1.
2.2 Procedure
Participants were recruited via MTurk to allow for recruitment of a more
geographically diverse and representative sample than a local sample would yield. MTurk
is increasingly used in clinical psychology (e.g., Chandler & Shapiro, 2016) and past
studies have shown that data from MTurk is reliable and comparable to in-person data
collection (e.g., Buhrmester, Kwang, & Goslin, 2011; Schleider & Weisz, 2015). Details
of data collection can be found in Brown and Harvey (2018). Briefly, MTurk users
anonymously completed a screening survey about their family for a study called “Parents
Perceptions of Young Children’s Behavior.” Those parents with 2-year-olds were then
invited to complete the full survey; this two-step procedure was to minimize users
claiming that they had a child in our target age range (age 2), since they did not know
what demographics we were recruiting. The full survey was comprised of a consent form
and several questionnaires, with attention check questions (e.g., “Please select answer
choice 3”) and repeated demographics throughout the survey to check for consistency of
responses and attention. Parents received $0.02 for the screen survey and $1.50 for
participating, consistent with current MTurk rates.
In order to achieve a large enough sample, 4,835 MTurk workers were screened,
of which 708 (14.6%) reported they were parents of 2-year-old children. Participants who
completed the full survey were excluded for the following reasons: different birthdays
reported at follow-ups (N = 91), inconsistent Time 1 survey responses (e.g., missing
attention check questions, inconsistent demographics from repeated survey questions; N
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= 123); not answering at least 25% of either measure used in present analyses (N = 5);
twins, because they could not be distinguished at follow-up for the larger study (N = 4);
diagnosis of or suspected autism, intellectual disability, cerebral palsy, or Down
syndrome (N = 51). We had a final Time 1 sample of 434 parents of 2-year-olds (see
Brown & Harvey, 2018). Every six months for two years, parents were contacted through
MTurk inviting them to complete a follow-up survey (also paid $1.50 for participation).
For the present study, we only included parents who completed at least 1 additional
follow-up, yielding a final sample of 273 parents of toddlers (all completed Time 1, 198
completed Time 2, 162 completed Time 3, 146 completed Time 4, and 138 completed
Time 5).
2.3 Measures
2.3.1 ADHD Symptoms
ADHD symptoms were measured at each time point with the ADHD Rating
Scale-IV Preschool Version (McGoey et al., 2007). The rating scale includes all 18 DSMIV-TR symptoms, with slight adaptations of examples for preschoolers; the symptoms are
highly similar to the DSM-5. Parents rate the frequency of each symptom over the last 6
months from 0 (never) to 4 (very often). The measure has previously shown good internal
consistency with preschoolers (ATT α = .93, H/I α = .92, and Total α = .95), and
correlations with other behavior rating scales (r = .54 to .96; McGoey et al., 2007). In the
first wave of data collection for this study, the rating scale was shown to have good
psychometric properties in 2-year-olds (particularly for nonverbal items), including factor
analysis, item response theory, and convergent/divergent validity with a temperament
measure (Brown & Harvey, 2018). In the present sample, internal consistency was good
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at each time point (Time 1: α = .90; Time 2: α = .91; Time 3: α = .91; Time 4: α = .93;
Time 5: α = .94). A two-factor model of ADHD with inattention and
hyperactive/impulsive factors (each containing 9 symptoms) was used for all ADHD
analyses, based on previous findings with this sample (Brown & Harvey, 2018).
2.3.2 ODD Symptoms
The Disruptive Behavior Rating Scale ODD section (Barkley, 1998) was
administered at all time points. This rating scale consists of eight symptoms from the
DSM-IV-TR diagnostic criteria for ODD (almost identical to the DSM-5 besides the
order of symptoms). Parents report the frequency of each symptom over the last 6 months
from 0 (never) to 3 (very often). In a study of preschoolers using the entire disruptive
behavior rating scale, which includes ADHD symptoms, the ODD rating scale showed
good internal consistency (α = .86 to .89 depending on informant and number of factors;
Friedman-Weieneth et al., 2009). In the present study, internal consistency was good at
each time point (Time 1: α = .80; Time 2: α = .87; Time 3: α = .88; Time 4: α = .88; Time
5: α = .89). There are mixed findings regarding how many subdomains of ODD
symptoms exist, with some studies finding one factor (e.g., Cavanagh et al., 2017;
Hommerson et al., 2006), bifactor (Burke et al., 2014) or three-factor models to be the
best fit (e.g., Burke et al., 2010, Stringaris and Goodman, 2009). Findings in the present
sample indicated that Burke and colleagues’ (2010) three-factor model was the best fit for
ODD symptoms, however, models for primary research questions were too unstable with
domains of two to three symptoms, so analyses were conducted collapsing all ODD
symptoms into one domain.
2.3.3 Temperament
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At Time 1, parents completed The Early Childhood Behavior Questionnaire –
Short Form (Putnam et al., 2010) a 107-item temperament questionnaire for ages 18 to 36
months. Parents rated the frequency of behavior on a 7-point Likert scale ranging from 1
(never) to 7 (always). The scale comprises 18 temperament traits, clustered into three
factors that will be used for the present study: Negative Affect, Surgency/Extraversion,
and Effortful Control. Past studies have found moderate to high internal consistency of
subscales (ranging .65 to .83; M = .74) and stability over 6-month (.58), 12-month (.53),
and 18-month (.46) periods (Putnam et al., 2010). The present sample showed moderate
to high internal consistency for the three temperament domains (negative affect α = .69,
effortful control α = .74. and surgency α = .53).
2.3.4 Demographics and Family History
Parents completed demographic questions about their family, including reporting
diagnosed or suspected psychiatric and medical conditions and family history of ADHD.
They were also asked to identify concerns about their child’s behavior and whether their
child had been evaluated previously.
2.4 Analytic Plan
2.4.1 Overview
Mplus Version 8 (Muthén & Muthén, 2017) was used for all analyses. There were
up to five time points of ADHD and ODD symptom ratings for each child; everyone in
the final sample had at least two data points of ADHD and ODD symptoms.
Temperament ratings were collected at Time 1 for all children. Full information
maximum likelihood was used to address missing data. Descriptive statistics were
conducted prior to primary analyses to ensure that model assumptions of variable
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distributions were met. To test research question 1 evaluating common trajectories of
ADHD and ODD from ages 2 to 4, latent class analyses (LCA) were used. To test
research question 2, evaluating how temperament predicts differences in ADHD and
ODD growth, predictors were added to the LCAs from research question 1. Finally, to
test research question 3 evaluating how ADHD and ODD co-vary over time, I conducted
group-based dual trajectory analyses and cross-lagged models.
Final group-based trajectory models and cross-lagged models were tested for
gender differences. To determine if there were gender differences in the distribution of
boys and girls across classes, the final LCA for each domain was run with a binary
gender variable covariate. To examine whether ADHD and ODD covary in different
ways for boys and girls, I tested whether fixing parameters across gender in the crosslagged models constituted a significantly worse fit than a model in which parameters
varied for boys and girls.
Past studies have indicated that N > 200 is sufficient for distinguishing classes in
group-based trajectory models with at least 80% power (Dziak et al., 2014, Nylund et al.,
2007). Power analyses conducted in MPlus following a Monte Carlo approach
(Thoemmes et al., 2010 indicated that a sample of 274 participants was sufficient to
detect standardized effects in the cross-lagged model as small as approximately .11 with
80% power, a small to medium effect.
2.4.2 Research Question 1: What are Common Trajectories of ADHD and ODD from
Ages 2 to 4?
Group-based trajectories across the five time points were evaluated for each
symptom domain of ADHD (inattention, hyperactivity/impulsivity) as well as for ODD.
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Group-based trajectories are a type of latent class analysis (LCA) used to identify distinct
growth patterns across time (e.g., Nagin, 1999). As outlined by Nagin (1999), in this
model, each individual is assigned to a trajectory pattern based on posterior probabilities;
for instance, a child with low symptom scores of ODD across time will show a high
posterior probability of being in the low-symptom group and a low posterior probability
(i.e., close to 0) of being in a high or increasing symptom group. Individuals are assigned
to the trajectory group for which they have the highest posterior probability. In order to
determine the best model fit, the Bayesian Information Criteria (BIC) and the Akaike
Information Criteria (AIC) can be compared for nested and non-nested model; smaller
BIC (e.g., Nagin, 1999, Huijbregts et al., 2007) and AIC (Busemeyer & Diederich, 2014)
are better. In the present study, trajectory models containing 3 and 4 classes were tested. I
examined whether a quadratic term was significant and if models with quadratic growth
showed better fit than a linear model. Model fit was compared using the BIC and AIC for
all models.
2.4.3 Research Question 2: Does Toddler Temperament Distinguish among Trajectory
Groups?
To address how children’s temperament predicts growth of ADHD and ODD,
LCAs with temperament traits as predictors were run. A number of different approaches
have been suggested for examining predictors of latent classes. A one-step approach in
which predictors are entered at the same time as forming latent classes has been critiqued.
In such a model, covariates influence the formation of classes (Li & Harring, 2017),
which Vermunt (2010) argues is counter to the typical statistical approach of building a
model. The classical three-step analysis for examining such questions is a multinomial
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logistic regression in which class membership is treated as an observed variable. There is
some debate in the literature as to the appropriateness of this method. For instance,
Feingold et al. (2014) describe that the classical three-step analysis leads to
underestimating relations between variables; modified 3-step approaches have therefore
been suggested by others (e.g., Asparouhov & Muthén, 2014a, 2014b). In contrast, Clark
and Muthén (2009) compared several different LCA regression models and found that
estimates from the classical three-step model are generally similar to other models as
long as entropy is above .80 and a more stringent alpha is used. In the present study I
used the group-based LCA results from research question 1 so the predictors were not
impacting the formation of the classes (i.e., not a one-step approach). I used a modified
three-step model that built on the results of research question 1. I used syntax from
Asparahouv & Muthén (2014b) for an automatic modified 3-step model in MPlus in
which predictors/covariates are specified as auxiliary variables using R3STEP. Starting
values from the original LCA were used so that identified classes could be compared and
were not re-estimated each time a covariate was added, a problematic method (e.g.,
Vermunt, 2010).
For each of the three final LCA models specified from research question 1 (for
ODD and each domain of ADHD), separate LCA with covariate analyses were conducted
for each temperament variable. These models provide logit values for how the
temperament trait changes the likelihood of membership in one class compared to the
reference class. All pairwise comparisons are provided with each class serving as the
reference group. Logit values were exponentiated to calculate odds ratios; as the target
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temperament trait increases by 1 unit, the odds of a child ending up in one class
compared to the reference group increases by a factor of that odds ratio.
2.4.4 Research Question 3: How do Symptom Trajectories of ADHD and ODD Covary?
To test how ADHD and ODD covary over time, I first examined group-based dual
trajectory models (Nagin & Tremblay, 2001). These models build on group-based
trajectory models (Nagin, 1999) to simultaneously estimate two related, but distinct
constructs. For my purposes, I estimated ADHD (each domain separately) with ODD
trajectories. In each model, the group-based trajectories for both disorders are estimated;
parameters are estimated for each class, defining the shape of that trajectory (e.g.,
intercept, slope), and posterior probabilities are used to determine class membership for
each disorder (same as in group-based trajectories). Within the model, these posterior
probabilities are used to calculate conditional probabilities of being in one class
depending on membership in each class of the other disorder. Analyses were run once per
direction for conditional probabilities because they are order dependent in Mplus. For
each class of one disorder, the sum of probabilities of being in each of the classes from
the other disorder should be one (Nagin & Odgers, 2010).
Next, I examined a cross-lagged model for each inattention and
hyperactivity/impulsivity domain with ODD. Traditional cross-lagged models have been
critiqued since they conflate within-subjects and between-subjects change and because
time-invariant factors might account for the effects (e.g., Besemer et al., 2016; Hamaker
et al., 2015). Hamaker et al. (2015) also argues that traditional cross-lagged models are
problematic when traits are stable, because the autoregressive paths do not fully account
for this stability. Newer cross-lagged models have been developed (e.g., Besemer et al.,
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2016; Hamaker et al., 2015) in order to address this concern. However, these models
typically remove between-subjects variance. That is, these newer models test whether
children with elevated symptoms relative to their own mean would be at risk for elevated
symptoms of the other disorder relative to their own mean. In that sense, they remove any
potential time invariant covariates or confounds that might drive between-subjects
effects, since everyone is their own control. In contrast, I was interested in whether
children with elevated symptoms at one time point relative to peers would be at risk for
elevated symptoms of the other disorder at a later time point, controlling for early
symptoms. The traditional cross-lagged design certainly does not exclude the possibility
of findings being driven by within-subjects variance. However, I was not interested in
only examining within-subjects difference. Further, I am examining ADHD and ODD
across a highly dynamic time period, so although these symptoms are expected to show
some stability, their stability is not expected to be as high as more invariant traits (which
would be problematic; Hamaker et al., 2015). Thus, I selected the traditional cross-lagged
model. However, I also ran final models as the random intercepts cross-lagged panel
model (e.g., Hamaker et al., 2015) in order to compare to the traditional model and note
any differences. In this model, a latent factor for each construct is added, and each
observed variable is centered before the cross-lagged and autoregressive paths are added
(syntax from Hamaker, 2018).
First, I began each series of models by constructing a baseline model. This model
contained only autoregressive paths for ADHD (one domain) and ODD across the 5 time
points, with concurrent correlations at each time point between ADHD and ODD (at
Times 2 through 5, these correlations represent correlated residuals). Next, an ADHD
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effects model added in paths regressing Times 2 through 5 of ODD symptoms on the
previous time point of ADHD symptoms, with the reverse for the ODD effects model.
Finally, in the bidirectional model, symptoms of each ADHD and ODD from Times 2
through 5 were regressed on the previous time point of the other symptom domain. In all
models, correlated errors with non-adjacent time points of the same symptom domain
were estimated. Models with constrained paths across time were compared to models
with free paths across time using chi-square difference tests. To determine the best model
for each pair of factors, chi-square difference tests were used to examine whether each
model was a significant improvement in fit over the baseline model, and whether the
bidirectional model was an improvement over either of the unidirectional models.
Further, model fit was assessed using: model χ2 (χ2 /df below 2.0 is best, but up to 5.0 can
indicate acceptable fit; Hooper et al., 2008), the Comparative Fit Index (CFI > .90
indicates acceptable fit, > .95 indicates better fit; Hooper et al., 2008; Hu & Bentler,
1999), the root mean square error of approximation (RMSEA < .08 is acceptable fit, < .06
is better fit; Hooper et al., 2008; Hu & Bentler, 1999), and Standardized Root Mean
Square Residual (SRMR < .08 is acceptable, < .05 is better fit; Hooper et al., 2008; Hu &
Bentler, 1999), as well as examining the AIC and BIC (smaller is better).
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CHAPTER 3
RESULTS
3.1 Descriptive Statistics
Mean symptom counts and Likert-scale ratings, as well as skewness and kurtosis
coefficients for ADHD and ODD at each time point are presented in Table 1. Outliers
that were above or below 3.29 SDs from the mean (Tabachnick & Fidell, 2013) were
identified. Five participants were outliers in their total symptom counts of ODD. Six
participants were outliers in their rating of inattention. Analyses were conducted both
with and without these outliers. Results were mostly similar when repeated with and
without these outliers, so final analyses included all participants. Any changes when
outliers were excluded are noted as footnotes.
Independent samples t-tests were used to compare each symptom domain for boys
and girls. There were no significant gender differences in mean levels of hyperactivity at
Time 1, Time 2, Time 3, or Time 4 (p values from .082 to .559); there was a significant
difference at Time 5 such that boys (M = 2.90, SD = 2.54) showed more symptoms than
girls (M = 2.00, SD = 2.43), t(235) = 2.08, p = .040. For inattention, there were no
significant gender differences at Time 1, Time 2, Time 4, or Time 5 (ps from .149 to
.173), but there was a significant difference at Time 3 such that boys (M = 1.78, SD =
2.11) showed more symptoms than girls (M = 1.11, SD = 1.69), t(160) = 2.11, p = .037.
For ODD, there were no significant gender differences in symptoms at Time 1, Time 2,
Time 3, or Time 4 (ps from .525 to .839), but there was a significant difference at Time 5
such that boys (M = 1.68, SD = 2.13) showed more symptoms than girls (M = 0.96, SD =
1.92), t(134) = 2.00, p = .048.
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3.2 Research Question 1: What are Common Trajectories of ADHD and ODD from
Ages 2 to 4?
3.2.1 Hyperactivity/Impulsivity
Group-based trajectory models with three classes and four classes were tested
with both linear and quadratic growth (see Table 2). In each model, slope and quadratic
term variances were set to 0 and random starts were increased to 500, with 50 iterations,
in order to improve model estimation. The AIC and BIC values were compared for each
model. The AIC was smallest for the four-class quadratic model, but the BIC was
smallest for the three-class quadratic model and next smallest for the four-class quadratic
model. In the four-class quadratic model, three of the four classes showed significant
quadratic growth; the one class without quadratic growth was a stable low-symptom
group, which we expected based on theory. In the three-class model, an improving group
was not present. Thus, since the models were similar in fit, the four-class quadratic model
was selected as the final model for hyperactivity/impulsivity since it included a wider
range of developmental trajectories that toddlers might show (see Figure 1, Table 3).
Overall, there was a high symptoms group, a low stable group, a declining symptoms
group, and a moderate-increasing symptoms group. Almost half (47.62%) of children in
our sample were in the low-stable group, with a small number of symptoms across time
and no significant rate of change. About a fourth of children (27.84%) in our sample were
in a high-symptoms group; this group showed negative quadratic growth, began with
about 5 symptoms on average and ended with about 4.5 symptoms on average. A small
portion of children (8.79%) showed increasing quadratic growth; they began with a
small-moderate number of symptoms (about 3 out of 9 symptoms) and increased in their
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symptoms as well as their rate of change of symptoms over time (moderate-increasing
group). Finally, a small group of children (15.75%) were a “terrible twos” group such
that, on average, they began with a high number of symptoms, but decreased to have few
symptoms over time, with rate of change slowing down over time. Note that of the 51
children who had a clinical level of symptoms of hyperactivity/impulsivity at Time 1
(i.e., six or more symptoms), 64.7% were in the high group, 27.5% were in the declining
group, and 7.8% were in the moderately increasing group. Conversely, 43% of children
in the high class of hyperactivity/impulsivity showed a clinical level of symptoms at
Time 1.
An LCA with covariates (modified version; Asparahouv & Muthén, 2014b) was
conducted to test gender differences in the final trajectory. There was no significant
difference between boys’ and girls’ likelihood of being in one class relative to another (ps
from .172 to .876), suggesting that there was no significantly greater risk of chronic
symptoms associated with one gender. That said, we cannot rule out the possibility that
there are gender differences in growth. It is possible that while the overall pattern for
children includes these four specific classes, gender-specific classes might be present.
However, I was underpowered to detect effects with the smaller n per gender.
3.2.2 Inattention
Group-based trajectory models with three classes and four classes were tested
with both linear and quadratic growth (see Table 2). The AIC and BIC values were
compared for each model. The AIC and BIC were smallest for the four-class quadratic
model. In the four-class quadratic model, three of the four classes showed significant
quadratic growth. Thus, the four-class quadratic model was selected as the final
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inattention model (see Figure 2 and Table 3). Overall, children were in a low-declining
symptoms group, moderate-fast-increasing group, moderate-slow-increasing group, or
high-moderate group. The majority of children (69.96%) in the sample were in the lowdeclining symptoms group, with slightly positive quadratic growth such that symptoms
were declining at a decreasing rate. A very small group of children (4.03%) in the sample
started with a moderate number of symptoms and showed negative quadratic growth; that
is, they showed a steep increase in symptoms to a clinical level, which flattened in
growth over time (moderate-fast-increasing group). Similarly, another small group of
children (14.29%) started with a moderate number of symptoms, but these children
showed positive quadratic growth; that this, initially there was little growth but later they
steeply increased in symptoms towards a clinical level of 6 symptoms (moderate-slowincreasing group). Finally, 11.72% of children started with high symptoms (around 5
symptoms) and showed a slight decline over time with no change in rate (no quadratic
growth) to a moderate level (about 3-4 symptoms). Note that of the 25 children who had
a clinical level of symptoms of inattention at Time 1 (i.e., six or more symptoms), 56%
were in the high group, 12% were in the moderate-fast-increasing group, 24% were in the
moderate-slow-increasing group, and 8% were in the low group. Conversely, 44% of
children in the high class of inattention showed a clinical level of symptoms at Time 1.
An LCA with covariates was conducted to test gender differences in the final
trajectory. There was no significant difference between boys’ and girls’ likelihood of
being in one class relative to any other (ps from .130 to .992), suggesting that there was
no significantly greater risk of chronic symptoms associated with one gender.
3.2.3 ODD
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Group-based trajectory models with three classes and four classes were tested
with both linear and quadratic growth (see Table 2). The AIC and BIC values were
compared for each model. The AIC was smallest for the four-class quadratic model (next
highest was the four-class linear model), but the BIC was smallest for the four-class
linear model (next highest was the four-class quadratic model). In the four-class quadratic
model, two of the four classes showed significant quadratic growth, so I selected the
quadratic model as the final ODD model (see Figure 3 and Table 3). Overall, children
were in a low-stable group, moderate group, low-increasing group, or high-increasing
group. The majority of children (75.82%) were in the low-stable symptoms group,
starting with 1 symptom on average and showing little change over time. A very small
minority of children (2.93%) started with about 1 symptom and increased with positive
quadratic growth such that they showed more rapid growth over time until they had high
symptoms by Time 5 (low-increasing group). A small group of children (6.23%) started
with a moderate-high number of symptoms (on average, 4 out of 8 symptoms) and
showed increasing symptoms consistent with quadratic growth such that the rate of
growth slowed down over time as children reached a high level of symptoms (highincreasing group). Finally, 15.02% of children showed a moderate level of symptoms
over time (moderate group), starting around 2 symptoms and ending around 3
symptoms). Note that of the 30 children who had a clinical level of symptoms of ODD at
Time 1 (i.e., four or more symptoms), 40% were in the low-stable group (in contrast to
81% of children who did not have clinical levels of symptoms of ODD at Time 1), 11%
were in the high-increasing group, and 7% were in the moderate group. Conversely, 65%
of children in the high class of ODD showed a clinical level of symptoms at Time 1.
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An LCA with covariates was conducted to test gender differences in the final
trajectory. There was no significant difference between boys’ and girls’ likelihood of
being in one class relative to any other (ps from .201 to .900), suggesting that there was
no significantly greater risk of chronic symptoms associated with one gender.
3.3 Research Question 2: Does Toddlerhood Temperament Distinguish among
Trajectory Groups?
The final group-based trajectory model for each symptom domain was used to
evaluate how temperament traits (effortful control, surgency, and negative affect) predict
trajectories. Starting values from the final trajectory of ADHD domains and ODD were
used so that trajectories did not change with the addition of covariates. This model
produces a series of pairwise significance test comparing the level of each covariate for
children in one class compared to the reference class; p values from logits are reported
and exponentiated logit parameters were calculated as odds ratios. See Table 4 for a
summary of results.
3.3.1 Hyperactivity/Impulsivity
The final four-class quadratic model described above was used to evaluate how
surgency, effortful control, and negative affect each predict differences between the four
hyperactive/impulsive trajectories. Greater surgency was associated with higher odds of
being in the high group compared to the low group, the moderate-increasing group
compared to the low group, and the declining group compared to the low group. Greater
effortful control predicted higher odds of being in the low group compared to the high
group, the low group compared to the declining group, and the moderate-increasing
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group compared to the high group. Greater negative affect predicted higher odds of being
in the high symptoms group compared to the low symptoms group.
3.3.2 Inattention
The final four-class quadratic model described above was used to evaluate how
surgency, effortful control, and negative affect each predict differences between the four
inattention trajectories. Greater surgency was associated with higher odds of membership
in the high-moderate class compared to the low-declining class and the moderate-fastincreasing compared to the low class. Greater effortful control was associated with higher
odds of membership in the low class compared to each the high-moderate class and the
moderate-slow-increasing class. Greater negative affect predicted higher odds of
membership in the high-moderate compared to the low class and the moderate-slowincreasing compared to the low class.
3.3.3 ODD
The final four-class quadratic model described above was used to evaluate how
surgency, effortful control, and negative affect each predict differences between the four
ODD trajectories. Greater surgency was associated with higher odds of membership in
the high-increasing group compared the low-stable group and the moderate group
compared to the low-stable group. Higher effortful control predicted greater odds of
being in the low stable group compared to the moderate group and the high-increasing
group. Higher negative affect predicted greater odds of membership in the high
increasing group compared to the low-stable group and the moderate group compared to
the low-stable group.
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3.4 Research Question 3: How do Symptom Trajectories of ADHD and ODD
Covary?
3.4.1 Dual Trajectories
Group-based dual trajectories were examined to test the conditional probability of
being in one class given membership in another class (see Table 5). Low trajectories were
linked. Children in the low hyperactivity/impulsivity class had a high probability of
membership in the low ODD class (.867); conversely, children in the low ODD class had
a high probability of membership in the low hyperactivity/impulsivity class (P = .672).
High trajectories were also linked. Children in the high-increasing ODD class had a high
probability of membership in the high hyperactivity/impulsivity class (P = .878).
Conversely, children in the high hyperactivity/impulsivity group had the highest
probability of being in the moderate ODD class (P = .559), followed by the highincreasing ODD class (P = .269). Similarly, children in the moderate ODD class had the
highest probability of being in the high hyperactivity/impulsivity class (P = .505)
compared to other hyperactivity/impulsivity classes. Increasing classes also were linked;
children in the low-increasing ODD class had a high probability of being in the moderateincreasing hyperactivity/impulsivity class (P = .604). However, the converse was lower;
the moderate-increasing hyperactivity/impulsivity class had a similar probability of being
in the low-increasing ODD class (P = .335) as in the low ODD class (P = .365) or the
moderate ODD class (P = .300). Finally, children in the declining
hyperactivity/impulsivity class had the highest probability of membership in the low
ODD class (P = .685).
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For inattention and ODD, low trajectories were linked. Children in the lowdeclining inattention group had a high probability of being in the low ODD group (P =
.834) and vice versa (P = .878). High levels were also linked. Children in the high
inattention class were most likely to be in the moderate ODD class (P = .620) followed
by the high-increasing ODD class (P = .211). Conversely, children in the high-increasing
ODD class were most likely to be in the high (P = .352) or moderate-slow-increasing (P =
.335) inattention classes. Moderate levels were linked as well. Children in the moderateslow-increasing inattention class were most likely to be in the moderate ODD class (P =
.482), although children in the moderate ODD class were most likely to be in the
moderate-fast-increasing inattention class (P = .338).
For inattention and hyperactivity/impulsivity (see Table 6), low trajectories were
linked. Children in the low hyperactivity/impulsivity class had a high probability of
membership in the low inattention class (P = .965), as well as vice versa (P = .920).
Children in the moderate-stable hyperactivity/impulsivity class had high probabilities of
being in the moderate (P = .332) or low inattention groups (P = .466). Conversely,
children in the moderate inattention class had a high likelihood of membership in the
moderate-stable hyperactivity/impulsivity class (P = .603). Results for high groups were
linked as well. Children in the high inattention group had a high probability of
membership in the hyperactivity/impulsivity group (P = .920). The converse probability
was lower (P = .349), and children in the high hyperactivity/impulsivity group were also
likely to be in the moderate inattention group (P = .366). Finally, children in the declining
hyperactivity/impulsivity class had a high probability of being in the moderate-slowincreasing inattention class (P = .739). Conversely, children in the moderate-slow-
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increasing group were most likely to be in the declining symptoms group (P = .402), but
also were likely to be in the moderate-stable (P = .316) or high (P = .282) hyperactivity
groups.
3.4.2 Hyperactivity and ODD Cross-Lagged Models
The baseline model showed that hyperactivity and ODD at each time point
predicted their respective symptom domain at the following time point (all ps < .001).
Further, ODD and hyperactivity at Time 1 were highly related, and hyperactivity and
ODD residuals within each later time point were highly related (all ps < .001). This
model showed adequate CFI (.94) and χ2 /df = 3.50, but other fit statistics were not
adequate (RMSEA = .10, SRMR = .16, TLI = .87). A model containing fixed paths from
hyperactivity to ODD that were set to be equal across time was not a significantly worse
fit than a free model (χ2 (3) = 3.14, p = .371) and was thus selected as the best
hyperactive effects model. In this model, all hyperactivity effects were significant (p <
.001). This model was a significantly better fit than the baseline model (χ2 (1) = 35.92, p
< .001) and showed adequate RSMEA (.05), SRMR (.07), CFI (.98), TLI (.96), and χ2 /df
(1.80). A model in which paths from ODD to hyperactivity were fixed across time was
not a significantly worse fit than a free model (χ2 (3) = 2.94, p = .401) and was thus
selected as the best ODD effects model. In this model, ODD significantly predicted
hyperactivity at all time points (standardized ps from .004 to .007). This model was a
significantly better fit than the baseline model (χ2 (1) = 8.19, p = .004) and showed
adequate CFI (.95) and χ2 /df (3.26); however, several fit statistics were not adequate,
including SRMR (.13), RMSEA (.09), and TLI (.88). The bidirectional model, with fixed
cross-lagged paths across time for ODD to hyperactivity and for hyperactivity to ODD,
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provided a significantly better fit than the baseline model (p < .001). In this model,
hyperactivity predicted ODD at each subsequent time point, but ODD did not predict
hyperactivity at any time point. The bidirectional model was not a significantly better fit
than hyperactive effects model (χ2 (1) = 2.66, p = .103), but was a better fit than the
oppositionality effects model (χ2 (1) = 30.39, p < .001). Since there were no significant
ODD effects in the bidirectional model and this model did not improve fit over the
hyperactive model, the simpler hyperactive effects model was chosen as a final model3,
with paths fixed across time (see Figure 4).
The final model was tested for gender invariance by comparing a model in which
cross-lagged paths from hyperactivity to ODD were set to be equal for boys and girls to
one where these paths were free. The free model did not significantly improve the model
(χ2 (1) = .114, p = .736). Note that when additional paths were also fixed (e.g.,
autoregressive paths, correlation between hyperactivity and ODD symptoms at each time
point), there still was not significant improvement with free paths. Thus, there was no
evidence that these relations were significantly different for boys and girls.
3.4.3 Inattention and ODD Cross-Lagged Models
The baseline model showed that inattention and ODD at each time point predicted
their respective symptom domain at the following time point. Further, ODD and
inattention at Time 1 and residuals at Time 2, 3, 4, and 5 were all positively related (all ps
< .001). This model showed adequate CFI (.92) and χ2 /df = 3.93, but other fit statistics

3

The final hyperactive effects model with fixed paths to ODD was tested as a randomintercepts cross-lagged panel model to remove between-subjects invariance. No crosslagged paths were significant (p = .161). Of note, cross-lagged paths in a bidirectional
model were also not significant in either direction (ps > .150).
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were not adequate (RMSEA = .10, SRMR = .14, TLI = .82). A model containing fixed
paths from inattention to ODD set to be equal across time was a significantly worse fit
than a free model (χ2 (3) = 10.07, p = .018) and thus not selected as the best inattention
effects model. The best inattention model, with paths free across time from inattention to
ODD, was a significantly better fit than the baseline model (χ2 (4) = 22.03, p < .001)
and showed adequate CFI (.94) and χ2 /df (3.53), but other fit statistics were not adequate
(TLI = .85, SRMR = .09, and RMSEA = .10). In this model, inattention only predicted
ODD symptoms from T3 to T4 (p < .001). A model in which paths from ODD to
inattention were fixed was not a significantly worse fit than a free model (χ2 (3) = 6.29,
p = .098). Thus, the best ODD effects model had fixed paths across time from ODD to
inattention. In this model, ODD significantly predicted inattention at all time points
(standardized ps from .010 to .014). This model was a significantly better fit than the
baseline model (χ2 (1) = 6.70, p = .001) and showed adequate CFI (.93) and χ2 /df
(3.78), but other fit statistics were not adequate (TLI = .83, RMSEA = .10, SRMR = .12).
The bidirectional model, with fixed paths across time for ODD and free paths for
inattention, was a significantly better fit than the baseline model (χ2 (5) = 25.56, p <
.001). The model showed adequate CFI (.95), SRMR (.08), and χ2 /df (3.53), but TLI
(.82) and RMSEA (.10) were not adequate. In this model, inattention predicted ODD
from T3 to T4 only (p < .001) and ODD was trending to predict inattention at each time
point (p = .068).4 The bidirectional model was not a significantly better fit than
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Note that when outliers were removed, this model showed that ODD predicted
inattention at each time point (p = .001), whereas inattention was trending to predict or
did not significantly predict ODD at each time point (ps from .094 to .953).
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inattention effects model (χ2 (1) = 3.53, p = .060), although this was a trend. However,
the bidirectional model was a significantly better fit than the ODD effects model (χ2 (4)
= 18.86, p < .001). This bidirectional model was chosen as the final model for inattention
and ODD (see Figure 5).5
The final model was tested for gender invariance by comparing a model in which
cross-lagged paths from inattention to ODD and from ODD to inattention were set to be
equal for boys and girls to one where these paths were free. The free model did not
significantly improve the model (χ2 (5) = 1.54, p = .908). Note that when additional
paths were also fixed (e.g., autoregressive paths, correlation between symptoms at each
time point), there still was not significant improvement with free paths. Thus, there was
no evidence for significant gender differences in these associations.

5

The final bidirectional effects model with fixed paths from ODD to inattention and free
paths from inattention to ODD was tested as a random-intercepts cross-lagged panel
model to remove between-subjects invariance. In this model, inattention predicted ODD
from T3 to T4 (p = .044), as in the traditional model. ODD did not predict inattention at
any time point (ps = .226).
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CHAPTER 4
DISCUSSION
This study examined the development of ADHD and ODD symptoms from ages 2
to 4 in a community sample. I examined common trajectories of each disorder,
temperament predictors of trajectories, and how ADHD and ODD co-develop. As
expected, group-based trajectories showed that, although the majority of children had low
symptoms over time, a small portion of children showed elevated, sustained levels of
ADHD and ODD, and some children showed increasing symptoms. There was also
evidence of a small portion of children who had a high initial level of
hyperactivity/impulsivity symptoms and then declined to low symptoms, suggestive of a
“terrible twos” phase; this was not evident for inattention or ODD. Temperament traits,
including high negative affect, high surgency, and low effortful control, increased the
likelihood that children would be in high or increasing symptom trajectories. Finally, as
expected, children in high trajectories of symptoms of one disorder were more likely to
be in high trajectories of the other, and ADHD was more predictive of ODD than vice
versa. Overall, findings suggest that there are toddlers at risk for continued high
symptoms of ADHD and ODD, especially children with certain temperament traits.
Further, ADHD symptoms at an early age (particularly the hyperactive domain) seem to
predispose children to developing ODD symptoms later. Findings have implications for
early identification and intervention for externalizing symptoms.
4.1 What are Common Trajectories of DSM Symptoms of ADHD and ODD from
Ages 2 to 4?
4.1.1 Hyperactivity/Impulsivity
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The best model for hyperactive/impulsive symptoms showed four distinct growth
patterns, some with quadratic growth. About half of the children were in a low stable
symptoms group from ages 2 to 4. A substantial minority of children (about a quarter)
were in a high symptoms group, about half of whom showed a clinical level of symptoms
at Time 1. A small number of children started with a moderate number of symptoms and
showed increasing growth, and a small number of children were in a declining group,
starting with a high number of symptoms and decreasing in their symptoms to a low
level. Similar to past studies (e.g., Galéra et al., 2011, Salla et al., 2016; Shaw et al.,
2005), there is a group of children for whom high symptoms at age 2 do not appear to be
a phase. Past studies have varied in the rates of children who show high levels of
symptoms over time, and findings from the present study were on the higher end, with
about a quarter of children in the high stable group. However, there was also a group of
children who did seem to grow out of their heightened symptoms at age 2, which only
some past studies have identified (e.g., Shaw et al., 2005). It is possible that by
examining a wide range of symptoms in a more national sample, we were able to
elucidate an important growth trajectory that some studies may have missed. Importantly,
other symptom domains examined in the present study (inattention and ODD) did not
show such a clear declining symptoms group, suggesting that the normative increase in
externalizing behaviors in toddlerhood (i.e., “terrible twos”) may be best captured by
hyperactive/impulsive symptoms.
4.1.2 Inattention
The best model of inattention symptoms showed four distinct growth patterns,
several with quadratic growth. The majority of children (70%) were in a low symptoms
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group, starting with few symptoms and declining slowly over time. Two groups of
children showed moderate levels of symptoms at age two and increased over time; one
group increased quickly early on and the other group increased slowly at first. Finally, a
small group of children showed high-moderate symptoms (starting around 5 symptoms
and ending around 3-4), about half of whom showed a clinical level of symptoms at Time
1. The fact that the majority of children showed few symptoms of inattention across
toddler to preschool years was unsurprising given that inattention symptoms often
emerge later than hyperactive/impulsive symptoms (e.g., Berger & Nevo, 2011;
Willoughby et al., 2012). Consistent with such findings, there were two groups of
children who showed increasing inattentive symptoms over time. However, in contrast to
expectations, there was no significantly declining symptoms group. Although the group
starting with high symptoms declined slightly, this decline was not significant and not
very large, suggesting less of a “terrible twos” decline compared to the
hyperactivity/impulsivity domain. However, it is possible that I was underpowered to
detect this effect. Importantly, the trajectory patterns for inattention were different from
those of hyperactive/impulsive symptoms, underscoring the need to examine these
domains separately.
The present study was an important extension of past studies that mostly
examined the hyperactive/impulsive domain of ADHD and not the inattention domain.
Trajectory studies that have examined the inattention domain (e.g., Galéra et al., 2011;
Salla et al., 2016) have found three groups of low, moderate, and high levels of
inattention, with some increasing growth over time. The present study similarly showed
that most children are not in high symptom groups and that symptoms increase for some
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children. However, I found that a 4-class model was the best fit, compared to the 3-class
model in previous studies. This difference in the number of classes might be attributable
to measurement; the present study included 9 DSM-based symptoms of inattention
whereas these past studies each used only three symptoms. Thus, I may have been able to
identify more precise growth patterns, such as the fast and slow increasing groups.
Additionally, using all 9 DSM-based symptoms allowed for comparison to clinical
cutoffs (6 symptoms). For instance, I was able to identify that some children approach
this clinical level later in preschool years, indicating that increasing symptoms might lead
to problematic impairment.
4.1.3 ODD
The best model for ODD showed four distinct trajectories. The majority of
children (75%) were in a low-stable group, showing about 1 symptom over time. A small
portion of children showed a stable, moderate level of symptoms over time. Another
small group of children were in a high symptoms group, starting with about 4 symptoms
and increasing rapidly at first to even higher symptoms, before growth slowed down;
about two-thirds of children in this group started with a clinical level of symptoms at
Time 1. Finally, the smallest group of children started with a low number of symptoms
and increased, more quickly over time, to show a high number of symptoms by Time 5.
Findings in past studies with toddlers have similarly found low, medium, and high
symptom groups, although specific studies show slight differences. For instance, Cote et
al. (2006) and Shaw et al. (2005) each found high and low groups, and each found 1-2
moderate declining groups, whereas Huijbregts et al. (2007) found a low group as well as
two groups of children with moderate or high levels. However, these studies did not
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utilize DSM-based criteria and they focused on physical aggression (Cote et al., 2006;
Huijbregts et al., 2007) or a small number of general conduct problems (Shaw et al.,
2005). The measure used in the current study reflected the diagnostic criteria for ODD
and utilized more items than these previous studies, which may have been more sensitive
to changes over time. That said, findings in the present study were similar to past studies
in that most children were in a low symptom group and a small portion showed either
high or moderate symptoms over time. In contrast to past studies, I also found a very
small group of children who started with a low level of symptoms and rapidly increased
to a high level. It is possible that using more items than in past studies allowed for greater
sensitivity to detect more changes over time. These discrepancies across studies provide
some rationale for examining subdomains of ODD symptoms in future studies (e.g.,
negative affect, antagonistic behavior) as these domains might show different growth
patterns. Importantly, I had expected that there would be a declining ODD symptoms
group, similar to past studies and consistent with theory about heightened oppositionality
at age two. Surprisingly, there was not such a declining ODD symptoms group. As noted
above, perhaps hyperactive/impulsive symptoms better capture the transient behavior
difficulties that toddlers tend to show, while the presence of high levels of ODD
behaviors (e.g., oppositionality, negative affect) compared to peers may be a more likely
indication of developing psychopathology.
4.1.4 Gender Differences in Growth
The overall trajectories did not have a different proportion of boys and girls in
each trajectory. Further, mean levels of symptoms were generally not significantly
different at each time point. I expected stronger gender differences, with boys showing
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more propensity for high symptoms across the board. However, it is possible that gender
differences widen as children age and are socialized into gender expectations. Relatedly,
past studies have found consistent gender differences in older children for ADHD (e.g.,
DuPaul et al., 2016) and ODD (e.g., Demmer et al., 2017), whereas findings with
younger children are mixed; some studies with younger children show few gender
differences (e.g., Lavigne et al., 2009) and others show that boys have more severe
symptoms (e.g., Baillargeon et al., 2007; McGoey et al., 2007) or are at risk for high
symptoms trajectories (e.g., Romano et al., 2006) compared to girls. The present study
somewhat supports findings that younger boys show more propensity for higher
symptoms of both disorders, based on a handful of mean differences at later time points.
Such emerging differences are consistent with theory that gender socialization effects are
visible even in toddlers (e.g., Leaper & Friedman, 2015). Overall though, the study found
few gender differences in growth. That said, I was underpowered to examine trajectories
separately for boys and girls, and it is possible that they may show different patterns of
growth or numbers of classes.
Importantly, the fact that gender differences appear to widen as children age
might reflect biases in referral patterns. For instance, there is some evidence that teachers
are more likely to refer school-aged boys than girls with hyperactive/impulsive symptoms
(e.g., Sciutto et al., 2004), perhaps related to finding these symptoms to be more
problematic and disruptive than inattention symptoms (e.g., Coles et al., 2012).
Inattention symptoms are more common in girls (e.g., Groenewald et al., 2009), so girls
may be less likely to get referred if these symptoms are seen as less problematic. At the
same time, girls that do show hyperactive/impulsive symptoms are rated as more
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impaired than boys (e.g., Coles et al., 2012), which suggests that teachers may expect
more disruptive behavior from boys than girls. Overall, it is hard to determine if
differences in ratings by gender reflect true underlying differences or biases in identifying
impairment or referral. There are certainly real consequences if girls’ symptoms are
missed, such as losing access to treatment. Although only speculative, it is likely that bias
factored into ratings in the present study, such as parents’ differential expectations of
children’s behavior by gender. Future studies may want to examine the mechanisms
behind these widening gender differences in ratings as children age.
4.2 Does Toddler Temperament Distinguish Among Trajectory Groups?
Temperament traits predicted the likelihood of children’s membership in different
classes of ADHD and ODD growth. Overall, as expected, high surgency and negative
affect as well as low effortful control were risk factors for children following higher or
increasing symptom trajectories. However, there was less distinction across domains than
expected. All three temperament domains were risk factors for being in high or increasing
trajectories of both domains of ADHD as well as ODD, relative to low symptom groups.
Interestingly, temperament traits did not predict the likelihood of being in one class over
another for classes that started with similar levels. For example, there were no significant
differences for the high versus declining groups for hyperactivity/impulsivity. This
pattern of results suggests that temperament traits might be more associated with level of
symptoms early on (i.e., Time 1) rather than with changes over time.
Results were somewhat consistent with expectations, but I expected more
specificity of risk from each temperament domain based on theory. Martel (2009)
outlines several models suggesting that low effortful control is a risk factor specifically
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for inattention symptoms, high surgency and negative affect are risk factors for
hyperactivity/impulsivity, and negative affect is a predictor for ODD. Present findings do
show such linkages aligned with Martel’s (2009) theoretical model. However, additional
significant relations were also present that suggested less specificity of effects. Some past
findings have similarly found that all of these temperament domains are risk factors for
ADHD and ODD (e.g., Wichstrøm et al., 2018) and more generally for problem behavior
(e.g., Stifter et al., 2008), with less domain specificity. However, these studies generally
refer to risk of high levels of symptoms rather than risk for different symptom growth
trajectories. Findings regarding temperament risk for growth trajectories have been mixed
regarding the direction of effects. Some have found no relation between temperament and
symptoms (e.g., Owens & Shaw, 2003), whereas others have found that difficult
temperament predicts declining symptoms (e.g., Miner & Clarke-Stewart, 2008). Others
have found that worsening effortful control predicted increasing ADHD and ODD
symptoms (e.g., Atherton et al., 2019). A number of studies (e.g., Kochanska & Kim,
2013) have also found that the effect of temperament on symptoms is moderated by
environmental factors; the present study did not assess this theory directly. The direction
of present findings is most aligned with Atherton and colleagues (2019) in that
temperament traits like low effortful control predicted higher ADHD and ODD
symptoms over time, however, this past study examined changes in temperament over
time which I did not. Overall, there is a generally small body of literature on
temperament risk for ADHD and ODD trajectories, and most studies with young children
have used a handful of externalizing symptoms (e.g., Owens & Shaw, 2003) rather than a
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broader spectrum of DSM-based symptoms. Thus, differences in measurement might
account for some differences in study results.
There could be several reasons that these specific temperament traits are risk
factors for high ADHD and ODD trajectories. One reason is related to the vulnerability
model (Tacket, 2006) in that these traits might predispose children to developing or
sustaining symptoms of psychopathology. Specifically, deficits in effortful control are
related to top-down processing and cognitive control. Such ability to control one’s own
behavior and emotions is impaired in both of these disorders. Deficits in surgency and
negative affect are more related to bottom-up processing, including reactive control in
response to positive and negative emotions. Emotion dysregulation is a core deficit in
both ADHD and ODD (e.g., Cavanagh et al., 2017; Graziano & Garcia, 2016), and
particularly in the hyperactivity/impulsivity domain of ADHD (e.g., Martel et al., 2009;
Seymour et al., 2012). Some past studies suggest that the effects of difficult temperament
might interact with factors like parenting or parent psychopathology to affect
externalizing symptoms (e.g., Kochanska & Kim, 2013; Owens & Shaw, 2003). Second,
there may be other variables that explain the relation, such as executive functioning. For
instance, Tiego and colleagues (2020) found that executive function and effortful control
were highly correlated and represented a “self-regulation” factor; this factor accounted
for most of the observed variance in ADHD symptoms. In another study, executive
dysfunction mediated the relation between early effortful control and later ADHD (e.g.,
Rabinovitz et al., 2016). Thus, there may be other variables that explain the relation
between temperament and externalizing disorders, though more research might be needed
to clarify this relation. Third, there may be more of a semantic shift as children age. That
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is, we may consider younger children to have more “temperament difficulties” whereas
we identify the same symptoms in older children as symptoms of psychopathology. The
fact that temperament difficulties at Time 1 were associated with high stable groups (i.e.,
high levels of symptoms at Time 1) suggests that there might be some overlap between
these concepts.
4.3 How do Symptom Trajectories of ADHD and ODD Co-vary?
4.3.1 Dual Trajectories
In the present study, I found evidence that ADHD and ODD symptoms co-vary
over time. Dual growth trajectories showed associations between trajectories of ODD and
both domains of ADHD. Children in low trajectories of ODD were highly likely to be in
low trajectories of each domain of ADHD, and vice versa. High symptoms were also
linked, but the direction of risk showed some differences. Specifically, children with
high-increasing ODD symptoms were most likely to be in high ADHD classes (both
domains). Conversely, children in high ADHD classes (both domains) were most likely
to be in the moderate ODD class, followed by the high-increasing ODD class. Findings
were highly similar to past studies using dual trajectories with ADHD and ODD (e.g.,
Jester et al., 2005, 2008; Fontaine et al., 2008; Shaw et al., 2005) in that high groups were
linked and low groups were linked. Present findings are also consistent with research on
prevalence rates of comorbidities of these disorders, which are somewhat asymmetrical.
Specifically, most children with ODD also have comorbid ADHD (e.g., Greene et al.,
2002). In contrast, about 40-50% of children with ADHD also have ODD, with slightly
lower numbers for children who only have inattention symptoms (Elia et al., 2008; Reale
et al., 2017). In present findings, children with high ODD were more likely to have high
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symptoms of both domains of ADHD than the reverse. That said, the pattern of
conditional probabilities suggested that a substantial portion of children with high ADHD
symptoms demonstrated high symptoms of ODD that worsened over time. These results
were consistent with cross-lagged findings in the present study which showed that higher
ADHD (particularly hyperactive/impulsive) symptoms predicted later ODD symptoms.
The present findings add to a small body of literature suggesting trajectories are linked
even in young children as symptoms first emerge (e.g., Shaw et al., 2005). In general,
past studies with dual trajectories focused on older children and used more general
measures of externalizing behaviors with a small number of items. The present study
extends these findings to a larger number of DSM-based symptoms, beyond just a
handful of externalizing symptoms like aggression.
Of note, trajectories of the two domains of ADHD were also linked such that
children in the high group of one were likely to be in the high group of the other domain,
and children in the low group of one domain were likely to be in the low domain of the
other. Results were similar to past studies linking the two ADHD domains (e.g., Galéra et
al., 2011). Interestingly, the majority of the children in the declining
hyperactivity/impulsivity group were in the moderate-slow-increasing inattention group.
Conversely, although children in the moderate-slow-increasing class were most likely to
be in the declining group, they also were likely to be in the high or moderate-stable
hyperactivity/impulsivity group. These findings are particularly important because only
the hyperactivity/impulsivity domain showed a “terrible twos” declining group. It seems
that children who decline in these symptoms over time are still at risk for developing
inattention symptoms later in the preschool years. In fact, whether children “grow out” of
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early high symptoms of hyperactivity/impulsivity or continue to show high symptoms,
they are at risk for increasing inattention, suggesting that toddlerhood heightened
hyperactivity/impulsivity behavior (i.e., Time 1 level) rather than symptom growth is a
risk factor for increasing inattention. In contrast, children who showed slowly increasing
inattention symptoms were still most likely to grow out of hyperactivity/impulsivity
symptoms, perhaps indicating that inattention is less of a risk factor for
hyperactivity/impulsivity than vice versa.
4.3.2 Cross-Lagged Effects
I examined the direction of the effects between ADHD and ODD using a series of
cross-lagged models. Hyperactivity/impulsivity predicted ODD symptoms at subsequent
time points, but ODD did not significantly predict hyperactivity/impulsivity. These
relations were not significantly different across time and not significantly different for
boys and girls. Hyperactivity/impulsivity symptoms thus appeared to be a risk factor for
ODD symptoms uniformly across this age period. In contrast, inattention and ODD
showed bidirectional relations. Inattention predicted ODD symptoms, but only from Time
3 to Time 4, whereas ODD predicted inattention symptoms at all time points. As with
hyperactivity/impulsivity, there were no significant gender differences in these effects. I
also explored cross-lagged effects using a random intercepts cross-lagged panel model.
This modified cross-lagged model removes between-subjects variance and might better
account for stability of traits over time than using autoregressive paths (Hamaker et al.,
2015). The three domains in the present study were all moderate to highly stable across
time, so it possible that the autoregressive paths did not fully account for this stability in
the traditional model. Results from the modified model showed non-significant cross-
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lagged paths. Although we can only cautiously interpret null findings, results suggest that
perhaps the directional results we found in the traditional cross-lagged model are due to
between-subjects effects. That is, children high in their hyperactivity/impulsivity at one
time point relative to their peers are at risk for increased symptoms of ODD at the next
time, relative to their peers. Of note, although ODD and both domains of ADHD were all
fairly stable traits, hyperactivity/impulsivity showed the highest stability. It is possible
that since hyperactivity/impulsivity symptoms were relatively more stable over time than
ODD symptoms, it was more difficult for ODD to significantly predict
hyperactivity/impulsivity than vice versa. The less stable trait is more often found to be
predictive of the more stable trait than the other way around (see Anderson & Kida,
1982). Thus, results should be interpreted with caution.
Findings do support the need to examine ADHD domains separately, particularly
since there is much less research on the inattention domain compared to the
hyperactive/impulsive domain. Similar to past cross-lagged literature (e.g., Burke et al.,
2005; Burns & Walsh, 2002), I found that hyperactivity/impulsivity symptoms confer
risk of ODD symptoms. Results were consistent with dual trajectory models showing that
children with high hyperactivity/impulsivity were likely to show increasing ODD
symptoms. Consistent with past studies that found that inattention did not predict ODD
symptoms (e.g., Burke et al., 2005), the inattention domain seemed to be less of a risk
factor for ODD, although in present findings, inattention did predict ODD at one time
point. ODD symptoms did predict inattention symptoms, similar to findings in older
children (Burke et al., 2005) and younger children (e.g., Harvey et al., 2016). Of note,
Harvey et al. (2016) found that only one subdomain of ODD (argumentative/defiance)

54

predicted inattention, at only some time points, and only for boys; although I was not able
to examine subdomains of ODD in the present study, it may be that one subdomain of
symptoms was driving this effect and also might reveal gender differences. In addition,
findings that inattention and ODD predicted one another mapped onto dual trajectory
findings that children with quickly increasing inattention symptoms were likely to show
high, increasing ODD symptoms and, conversely, that children with increasing ODD
symptoms (low or high) were likely to show increasing inattention symptoms.
4.3.3 Theory Underlying Co-development
Although we cannot tease apart the exact mechanism for the observed effects,
results map onto past theory. The fact that hyperactivity/impulsivity preceded ODD is
aligned with theory that suggests ADHD leads to ODD via disruptions in family
processes like parenting (Harvey et al., 2016; Kaiser et al., 2010). In fact, some past
findings suggest that this directional relation is unique to hyperactivity/impulsivity (e.g.,
Nelson et al., 2019); present findings are somewhat aligned with this given that
hyperactivity/impulsivity was more consistently predictive of ODD symptoms than
inattention. Although there is less theoretical explanation in the literature for the relation
between inattention and ODD, results suggest that these domains are linked. One possible
mechanism is that hyperactivity/impulsivity symptoms increase risk of both inattention
and ODD symptoms, thereby creating a bidirectional relation between inattention and
ODD. Dual trajectory results showing that the two domains of ADHD are linked might
support this idea. It is also possible that links between both domains of ADHD and ODD
reflect underlying risk factors, such as genetic predisposition or temperament traits of
surgency, effortful control, and negative affect, as observed in the present study. Some
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conceptual overlap could also account for this bidirectional relationship; for instance,
children may appear to “not listen” in either a defiant manner or in an inattentive manner.
Finally, it is also possible that there are specific directional causes between the two
symptom domains. For example, disruptions in attentional control, particularly as
children are entering preschool, might make children more vulnerable to negative affect
and other ODD symptoms if they are less able to direct their attention away from
negative stimuli. Conversely, strong emotional reactions characteristic of ODD might
interfere with children’s ability to focus or follow through on tasks (inattention
symptoms). More research is needed to elucidate mechanisms behind the inattentionODD link. Further, although findings with school-age and adolescent children are more
consistent in showing that hyperactivity/impulsivity predicts ODD, relations in younger
children (e.g., Harvey et al., 2016) might be less clear-cut as symptoms and
developmental changes at this age are highly dynamic.
4.4 Summary of Findings
Overall, findings suggest that some children who show a high level of symptoms
in toddlerhood seem to be at risk for continued symptoms over early childhood years.
That said, these early years do seem dynamic, with some children growing out of early
high levels of hyperactive/impulsive symptoms and some children developing symptoms
of ADHD or ODD later in the preschool years. Further, difficult temperament is
associated with more chronic symptoms, pointing to possible early childhood indicators
of psychopathology. However, more research is needed to examine other predictors that
might better distinguish between children in transient phases versus at-risk for chronic
hyperactive/impulsive symptoms. The study also sheds light on the co-development of
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ADHD and ODD, which are commonly comorbid. Children in high trajectories of one
disorder were likely to be in high trajectories of the other, but there was some
directionality to the co-development. Specifically, high hyperactive/impulsive symptoms
seem to increase children’s risk of developing more ODD symptoms over time, while
relations between inattention and ODD were more bidirectional. Findings underscore the
importance of examining separate domains of ADHD. In sum, for a portion of children,
early signs of ADHD might indicate chronic difficulties and risk for increasing ODD
symptoms.
4.5 Limitations
This study adds to our understanding of the early emergence of ADHD and ODD
symptoms. That said, there were a number of limitations. First, the participants were
drawn from a larger study that had high attrition. In order to assess my specific research
questions, I only used participants who had completed at least one follow-up. Findings
might be less generalizable because children who only completed Time 1 were excluded.
Further, trajectory estimates might be less reliable since some children had only two
timepoints. Second, the number of children in moderate or higher trajectory groups was
smaller than the number of children in the low groups. Estimates of the higher trajectories
may be less precise, and future studies may want to oversample for children in a clinical
range to gain more accurate estimates of their growth. Third, I was underpowered to
examine gender-specific trajectories. It may be that the pattern of growth is different for
boys and girls, even if the gender proportions in the overall trajectories were not
significantly different. Fourth, we do not know if one domain of ODD was driving
findings. Given that subdomains have so few symptoms, results were highly unstable
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when I tried examining subdomains. Since past studies have identified that subdomains
of ODD might show different patterns of results (e.g., Harvey et al., 2016), present results
may have differed by ODD domain. Fifth, as described in the analytic plan section, crosslagged models have been critiqued for conflating within- and between-subjects effects
and because the autoregressive paths might not fully account for the stability in traits
(e.g., Hamaker et al., 2015). That said, I did compare results to a within-subjects only
model to better tease apart between- and within-subjects effects. Sixth, the same rater
completed all measures so shared method variance might contribute to some of the
findings. Seventh, while using a national sample is more geographically representative
than a local sample, there are other ways the sample may be less representative; for
instance, families were mostly white and parents were more highly educated than
national averages. Finally, an important part of assessing ADHD and ODD includes
evaluating the level of impairment, and not simply whether the behavior is present. The
present study only examined symptom count and did not make diagnoses. I do expect that
high symptom levels would be more impairing for children and families, but this should
be explicitly examined.
4.6 Implications and Future Directions
Findings shed some light on the potential for early identification and intervention
in toddlerhood. Specifically, early signs of ADHD and ODD in toddlerhood are important
to take seriously and might indicate chronic difficulties with these disorders. That said,
some children do seem to grow out of a transient developmental phase characterized by
high hyperactive/impulsive symptoms. It is important for future studies to examine risk
factors that might distinguish between chronic and declining symptom groups, since I did
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not find support that temperament traits differentiate between such groups. Further,
extending studies to a larger age range will allow us to understand the common course of
trajectories beyond age 4 and link toddlerhood behavior to symptoms in middle
childhood. In addition, across dual trajectory and cross-lagged findings, children with
high hyperactive/impulsive symptoms seemed to be at risk for having high or increasing
ODD symptoms. Thus, early interventions to address ADHD symptoms (particularly the
hyperactive/impulsive domain) might reduce the likelihood of developing co-occurring
ODD symptoms. There are a number of parent training interventions for addressing
ADHD (especially more disruptive hyperactive/impulsive symptoms) in preschoolers
(see Coates, Taylor, & Sayal, 2016) and programs focused on working with parents of
toddlers have found reductions in behavior problems (e.g., Hutchings et al., 2017;
Niccols, 2009). By reducing early behavior difficulties, we might be able to mitigate the
risk of children developing future co-occurring symptoms and having poorer outcomes. A
particular challenge is that many early externalizing symptoms are written off as a
developmental phase. The present study results suggest that some children with early
high levels of symptoms are at risk for chronic symptomatology. As we develop more
sensitive tools to identify children most at-risk, early screening of ADHD and ODD
symptoms can hopefully become more commonplace. A long-term goal is for screenings
to help medical and mental health professionals refer children who might benefit from
early intervention.
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Figure 1
Hyperactivity/impulsivity Trajectories from Time 1 to Time 5
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Figure 2
Inattention Trajectories from Time 1 to Time 5
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Figure 3
ODD Trajectories from Time 1 to Time 5
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Figure 4
Hyperactive Effects Model between Hyperactivity and ODD, with Fixed paths Across time from Hyperactivity to ODD

Time 1
Hyp

0.64 (0.05)***
.61 (.04)***

Time 2
Hyp

Time 1
ODD

1.62 (0.25)***
.52 (.05)***

0.51 (0.07)***
.42 (.05)***

Time 3
Hyp

0.18 (0.03)***
.21 (.04)***

0.18 (0.03)***
.21 (.04)***

0.95 (0.22)***
.26 (.06)***

0.57 (0.07)***
.56 (.06)***

Time 2
ODD

0.72 (0.07)***
.67 (.05)***

0.18 (0.03)***
.23 (.04)***

Time 3
ODD

0.41 (0.07)***
.44 (.07)***

Time 5
Hyp

0.18 (0.03)***
.23 (.04)***

0.82 (0.24)***
.29 (.08)***

1.09 (0.24)***
.42 (.07)***

0.71 (0.21)***
.26 (.07)***

0.41 (0.08)***
.41 (.07)***

Time 4
Hyp

0.53 (0.08)***
.53 (.08)***

Time 4
ODD

0.48 (0.09)***
.44 (.08)***

Time 5
ODD

Note. Unstandardized results are listed above standardized results. Correlated errors for non-adjacent time points were estimated but
not shown for ease of presentation. ODD = oppositional defiant disorder; Hyp = hyperactivity/impulsivity domain of ADHD.
***p < .001; **p < .01; *p < .05
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Figure 5
Cross-lagged Model between Inattention and ODD, with Fixed Paths across Time from ODD to Inattention

Time 1
Inatt

0.45 (0.06)***
.47 (.05)***

0.51 (0.07)***
.53 (.07)***

Time 2
Inatt

1.50 (0.24)***
.49 (.06)***

Time 1
ODD

Time 2
ODD

0.58 (0.09)***
.57 (.08)***

0.08 (0.04)†
.07 (.04)†

Time 3
ODD

Time 4
Inatt

0.43 (0.08)***
.40 (.07)***

0.42 (0.08)***
.44 (.08)***

Time 5
Inatt

-0.05 (0.08)
-.06 (.09)

0.70 (0.22)**
.26 (.08)**

0.88 (0.22)***
.37 (.08)***

0.70 (0.20)***
.30 (.08)***

0.08 (0.04)†
.08 (.04)†

0.08 (0.04)†
.06 (.03)†

0.60 (0.08)***
.48 (.05)***

0.32 (0.08)***
.33 (.08)***

0.06 (0.08)
.06 (.08)

0.08 (0.06)
.09 (.06)

1.25 (0.23)***
.36 (.06)***

Time 3
Inatt

0.65 (0.09)***
.58 (.06)***

0.08 (0.04)†
.06 (.03)†

Time 4
ODD

0.72 (0.11)***
.67 (.09)***

Time 5
ODD

Note. Unstandardized results are listed above standardized results. Correlated errors for non-adjacent time points were estimated but
not shown for ease of presentation. When outliers were removed, ODD predicted inattention at each time point (p = .001), whereas
inattention was trending to predict or did not significantly predict ODD at each time point (ps from .094 to .953). ODD = oppositional
defiant disorder; Inatt = inattention domain of ADHD.
***p < .001; **p < .01; *p < .05; †p < .10
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Table 1
ADHD and ODD Average Symptom Ratings and Symptom Counts
Average rating (0 to 3)
Average symptom count
M
SD
M
SD
Skew
Kurtosis
Hyperactivity/
Impulsivity
Time 1
1.24
0.59
3.23
2.28
0.25
-0.91
Time 2
1.16
0.62
2.98
2.37
0.61
-0.47
Time 3
1.12
0.63
2.70
2.49
0.60
-0.82
Time 4
1.12
0.67
2.80
2.62
0.53
-0.96
Time 5
1.08
0.67
2.53
2.53
0.95
-0.03
Inattention
Time 1
1.03
0.58
2.20
2.20
0.95
0.23
Time 2
0.90
0.54
1.73
2.11
1.30
1.05
Time 3
0.86
0.53
1.52
1.98
1.61
2.61
Time 4
0.87
0.57
1.62
2.15
1.61
2.30
Time 5
0.92
0.61
1.77
2.36
1.37
0.90
ODD
Time 1
0.72
0.49
1.39
1.62
1.29
1.24
Time 2
0.80
0.58
1.54
1.93
1.32
1.28
Time 3
0.84
0.59
1.56
1.99
1.34
1.15
Time 4
0.77
0.58
1.39
1.94
1.53
1.68
Time 5
0.83
0.59
1.39
2.07
1.73
2.25
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Table 2
Fit Statistics for Trajectories of ADHD and ODD
AIC
Hyperactivity
3-class linear
3740.94
4-class linear
3728.86
3-class quadratic
3715.85
4-class quadratic
3707.43
Inattention
3-class linear
3587.89
4-class linear
3563.48
3-class quadratic
3561.94
4-class quadratic
3513.34
ODD
3-class linear
3374.24
4-class linear
3328.01
3-class quadratic
3345.32
4-class quadratic
3307.73
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BIC

n per class

3791.47
3790.22
3777.21
3783.23

43, 129, 1
9, 36, 91, 137
178, 72, 23
76, 24, 130, 43

3638.42
3624.84
3623.31
3589.14

76, 177, 20
39, 19, 179, 36
207, 51, 15
11, 32, 191, 39

3424.77
3389.37
3406.68
3383.53

18, 15, 240
13, 199, 37,24
8, 24, 241
207, 8, 17, 41

Table 3
Summary of Final Trajectory Models
T1 intercept
M (SE)

T1 slope
M (SE)

Quadratic
term
M (SE)

N (%)

5.10 (.30)***
3.53 (.56)***
1.57 (.21)***

.97 (.24)***
-.20 (.38)
-0.28 (.21)

-.27 (.06)***
.26 (.08)**
.05 (.04)

Class 4/Declining
Inattention
Class 1/Moderate fast increasing
Class 2/High-moderate
Class 3/Low-declining

4.69 (.35)***

-2.18 (.27)***

.33 (.06)***

76 (28%)
24 (9%)
130
(48%)
43 (16%)

3.59 (1.05)**
5.07(.77)***
1.30 (.14)***

2.92 (.83)***
-.32 (.44)
-.51 (.14)***

-.44 (.16)**
-.06 (.10)
.08 (.03)**

Class 4/Moderate slow
increasing
ODD
Class 1/Low stable

3.15 (.40)***

-1.17 (.51)**

1.09 (.13)***

-.08 (.16)

Hyperactivity
Class 1/High
Class 2/Moderate increasing
Class 3/Low

.42 (.12)***

207
(76%)
Class 2/Low increasing
1.28 (.38)**
-1.17 (.47)*
.64 (.11)***
8 (3%)
***
*
Class 3/High increasing
3.99 (.78)
1.62 (.76)
.25 (.16)
17 (6%)
Class 4/Moderate
1.80 (.38)***
.79 (.60)
-.13 (.14)
41 (15%)
Note. Rounded to the nearest whole percentage so total numbers might exceed 100%.
***p < .001; **p < .01; *p < .05
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-.02 (.04)

11 (4%)
32 (12%)
191
(70%)
39 (14%)

Table 4
LCA with Temperament Traits as Covariates
Surgency
b (SE)
p
Domain
Class vs. reference class
Hyperactivity
High vs. low
High vs. declining
High vs. mod-increasing
Declining vs. low
Mod-increasing vs. low
Declining vs. modincreasing
Inattention
High-mod vs. low
High-mod vs. mod-fastincreasing
High-mod vs. mod-slowincreasing
Mod-slow- increasing vs.
low
Mod-fast-increasing vs. low
Mod-slow-increasing vs.
mod-fast increasing
ODD
High-increasing vs. low

OR

Effortful Controla
b (SE)
p
OR

Negative Affect
b (SE)
p
OR

3.04 (.82)
-0.83 (.65)
2.31 (.86)

<.001
.200
.007

20.91
0.44
10.07

2.14 (.49)
0.79 (.44)
1.35 (.50)

<.001
.067
.007

8.50
2.20
3.86

1.12 (.41)
0.41 (.58)
0.37 (.49)

.006
.488
.446

3.06
1.51
1.45

2.21 (.65)
0.72 (.42)
1.49 (.67)

.001
.084
.026

9.12
2.05
4.44

1.34 (.59)
0.79 (.49)
0.55 (.56)

.022
.107
.323

3.82
2.20
1.73

0.71 (.65)
0.74 (.48)
-0.03 (.62)

.272
.123
.960

2.03
2.10
0.97

1.99 (.61)
0.63 (.77)

.001
.409

7.32
1.88

1.66 (.35)
0.46 (.79)

<.001
.560

5.26
1.58

1.14 (.46)
0.23 (.64)

.014
.720

3.13
1.26

1.43 (.76)

.061

4.18

0.60 (.38)

.120

1.82

0.03 (.54)

.964

1.02

0.56 (.47)

.227

1.75

1.06 (.35)

.002

2.89

1.11 (.45)

.014

3.03

1.36 (.51)

.007

3.90

1.20 (.69)

.085

3.32

0.91 (.55)

.099

2.48

-0.79 (.63)

.205

0.45

-.14 (.73)

.853

0.87

0.21 (.59)

.729

1.23

1.74 (.53)

.001

5.70

1.52 (.44)

.001

4.57

1.98 (.58)

.001

7.24
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High-increasing vs. lowincreasing
High-increasing vs. mod

1.10 (.67)

.101

3.00

0.95 (.66)

.150

2.59

2.04 (1.15)

.077

7.69

0.77 (.71)

.276

2.16

-.65 (.47)

.168

0.52

0.94 (.67)

.161

2.56

Mod vs. low
0.97 (.47)
.041
2.64
0.87 (.34)
.010
2.39
1.04 (.47)
.027
2.83
Low-increasing vs. low
0.64 (.48)
.185
1.90
0.57 (.57)
.318
1.77 -0.06 (1.03)
.950
0.94
Mod vs. low-increasing
0.33 (.64)
.602
1.39
-.30 (.61)
.623
0.74
1.10 (1.10)
.318
3.00
Note. Significant results are bolded. OR = Odds Ratio; Mod = moderate.
a
Reverse direction of class vs. reference class reported (e.g., moderate vs. low is reported with moderate as the comparison group)
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Table 5
Dual Trajectory Results for ADHD and ODD Trajectory Classes
ADHD Class
ODD Class
a
Low
LowModerate
increasing
Probability of ODD Conditional on Hyperactivity/impulsivity
Low
.867
.000
.113
Declining
.685
.041
.274
Moderate-increasing
.365
.335
.300
High
.111
.061
.559
Probability of Hyperactivity/impulsivity Conditional on ODD
Low
.672
.000
.191
Declining
.218
.134
.190
Moderate-increasing
.064
.604
.114
High
.046
.262
.505
Probability of ODD Conditional on Inattention
Low-declining
.834
.032
.127
Moderate-slow-increasing
.270
.147
.482
Moderate-fast-increasing
.170
.133
.193
High
.169
.000
.620
Probability of Inattention Conditional on ODD
Low-declining
.878
.393
.332
Moderate-slow-increasing
.013
.118
.036
Moderate-fast-increasing
.077
.489
.338
High
.032
.000
.293
a
For some of these analyses, the low class was declining over time.
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Highincreasing
.020
.000
.000
.269
.122
.000
.000
.878
.007
.101
.504
.211
.063
.335
.250
.352

Table 6
Dual Trajectory Results for Hyperactivity/impulsivity and Inattention Classes
Hyperactivity/impulsivity Class
a
Inattention Class
Low
Moderate-stable
Declining
High
Probability of Inattention Conditional on Hyperactivity/impulsivity
Low
.965
.466
.000
.055
Moderate
.035
.332
.000
.366
Moderate-slow-increasing
.000
.202
.739
.230
High
.000
.000
.261
.349
Probability of Hyperactivity/impulsivity Conditional on Inattention
Low
.755
.235
.000
.011
Moderate
.113
.603
.000
.284
Moderate-slow-increasing
.000
.316
.402
.282
High
.000
.000
.080
.920
a
Inattention classes were slightly different in the dual trajectory analyses. The moderate-fast-increasing was now stable and the high
group was increasing at Time 1.
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