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Abstract

Although there is substantial support for the validity of the diagnosis of ADHD, there is
considerable disagreement about how to best capture developmental changes in the expression of
ADHD symptomatology. The current paper examines the associations among the 18 individual
ADHD symptoms using a novel network analysis approach, from preschool to adulthood. The
1,420 participants were grouped into four age brackets: Preschool (age 3-6, /7= 109), childhood
(age 6-12, n=548), adolescence (age 13-17, n= 357), and young adulthood (age 18-36, n=
406). All participants completed a multi-stage, multi-informant diagnostic process, and self and
informant symptom ratings were obtained. Network analysis indicated ADHD symptom structure
became more differentiated over development. Two symptoms Often easily distracted and
Difficulty sustaining attention appeared as central, or core, symptoms across all age groups. Thus,
a small number of core symptoms may warrant extra weighting in future diagnostic systems.
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Attention-Deficit/Hyperactivity Disorder (ADHD) is a behavioral disorder operationally
defined by nine symptoms labeled as inattentive, six symptoms labeled as hyperactive, and
three symptoms labeled as impulsive, for a total of 18 ADHD symptoms (APA, 2013).
Hyperactive and impulsive symptoms are combined into a single hyperactive-impulsive
dimension based on factor analyses that suggested a two-factor solution on combined child-
adolescent samples fit nearly as well as a less-parsimonious three-factor solution (Lahey et
al., 1994). As with other DSM-diagnoses, diagnosis requires a count of equally-weighted
items. In the case of ADHD, symptoms are counted separately within the inattentive and
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hyperactive-impulsive symptom domains; a total of six or more in either category meets
diagnostic threshold. Since DSM-III, heterogeneity of clinical presentation among
individuals with ADHD has been referenced by use of subtypes (termed presentations in
DSM-5) which, in DSM-1V and DSM-5, depend on the symptom domain from which an
individual’s symptoms primarily reside: predominantly inattentive, predominantly
hyperactive-impulsive, or combined (i.e., both; APA, 2013). Although historically ADHD
was considered a childhood disorder, since DSM-5, it is considered a neurodevelopmental
condition with childhood onset apparent as early as 3—4 years of age that can persist, and
therefore be diagnosed, in adulthood (reviewed by Faraone et al., 2000). With growing
recognition of the clinical importance of preschool and adult case identification and
treatment, the need has grown more acute for clarification as to how well current ADHD
symptoms capture the construct across each of these different developmental periods.

ADHD symptoms exhibit important normative change with development. During preschool,
hyperactivity peaks, is salient, and is the most common ADHD symptom manifestation, and
then normatively declines throughout the remainder of childhood (Olson, 2002). In contrast,
inattentive symptoms increase during childhood, become more noticeable as children enter
school, and remain relatively more stable over time (Hart et al., 1995). These normative
changes in symptoms are in line with prevalence rates of ADHD which peak around 5-6%
during preschool and childhood (Egger & Angold, 2006; Polyanczyk et al., 2007) and then
decline slightly during adulthood to around 3—4% with approximately half of childhood
cases continuing into adulthood (Kessler et al., 2006).

In line with DSM-5 two-domain criteria and developmental change over time, confirmatory
factor analyses in clinical and population samples of children have tended to support a two-
(i.e., inattention vs. hyperactivity-impulsivity) or occasionally three- (i.e., inattention,
hyperactivity, impulsivity) factor structure of ADHD (Amador-Campos et al., 2005;
Amador-Campos et al., 2006; Bauermeister et al., 1992; 1995; Burns et al., 1997a; 1997b;
2001; DuPaul et al., 1997; Gomez et al., 2005; Lahey et al., 1988; Pillow et al., 1998;
Wolraich et al., 2003). More recently, bifactor, or hierarchical, models of ADHD with a
general “g” ADHD factor co-existing with “s” specific factors of inattention and
hyperactivity-impulsivity or inattention, hyperactivity, and impulsivity have received support
in children and adolescents (Martel et al., 2010; Toplak et al., 2009). Yet, comparatively few
studies on the factor structure of ADHD exist in preschoolers or adults. Studies on
preschoolers have found either equivocal results (Hardy et al., 2007) or have supported a
one-factor ADHD model (Willoughby et al., 2012). In adults, one study found support for a
three-factor model of inattention, hyperactivity, and impulsivity in a nonclinical sample not
fully evaluated for presence of DSM ADHD criteria (Span, Earleywine, & Strybel, 2002). A
second study comparing children and adults with ADHD found that a similar bifactor
structure of “g” ADHD and “s” inattention and hyperactivity-impulsivity fit similarly in
children and adults with ADHD (Martel et al., 2012). Yet, the hyperactivity-impulsivity
factor loadings were significantly different in children and adults, particularly for the
symptoms of Fidgets; Leaves seat; Runs/climbs, Talks a lot; Blurts, and Interrupts, intrudes.
Further, Fidgets,; Leaves seat; Runs, climbs, and Driven by a motor exhibited non-significant
loadings on the “s” hyperactivity-impulsivity factor, suggesting that they are less important
in adults than in children.
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These observations are consistent with idea that current ADHD criteria, originally developed
for children and adolescents (Lahey, 1994), may not be sensitive to adult ADHD symptom
manifestation (Kessler et al., 2006). DSM-5 attempts to address this issue by proposing a
slight reduction in the symptom cut point needed for adult diagnosis, lowering the symptom
threshold from six to five in either the inattentive and hyperactive-impulsive symptom
domains (APA, 2013). Yet, this does not address developmental change in the structure or
form of symptom presentation. As described, very little empirical work has systemically
compared ADHD symptom structure across key developmental periods from preschool to
adulthood (see Amador-Campos et al., 2006; Martel et al., 2012 exceptions) or in the same
study. The few studies that have attempted to examine this question are critically limited in
that they have focused on higher-level latent factors, which may obscure important inter-
relations between individual symptoms. One way to address this is with network analysis of
symptom structure.

Network analysis characterizes structures of a system, group, organization, or set in terms of
nodes (herein, individual symptoms) and edges which connect the nodes (in this case,
correlation coefficients; Borboom & Cramer, 2013). Its focus on lower-level symptom
interrelationships complements factor analytic work by providing examination of how
particular symptoms interrelate with one another instead of their relationship to latent
variables. Such information could suggest particular areas of difficulty (e.g., specific
symptom constellations) faced by individuals with ADHD which might be useful assessment
and intervention targets.

Network analysis also provides conceptually interesting quantitative and visual information
about symptoms that are “core” or “central” to the overall network of symptoms. As an
analogy, a switching station in an electrical grid has an outsized importance to the entire
grid. In a social network, a leader may have relationships with all members that give that
person outsized influence. In the case of symptoms, one symptom may relate to all others
and have an outsized influence on their presentation. Thus, network analysis could identify
symptoms that may be the most influential in producing or maintaining the disorder which
may differ with development. If core symptoms could be identified across developmental
periods, these could be emphasized in diagnosis across development to improve both
diagnostic prediction and assessment as well as in research to improve etiological targets.
Most fundamentally, that information would enable a better reflection in clinical practice of
clinical reality.

Although the analysis is correlational, network analysis by design through directional
coefficients suggests how individual nodes (symptoms) may causally relate to or influence
one another. This is powerful for hypothesis generation. For example, network analysis
might suggest that the ADHD symptom of Being easily distracted leads directly to the
symptom Difficulties with sustained attention instead of ADHD being best viewed as a
collection of co-occurring symptoms driven by an underlying construct, as in factor analysis
(see Borshoom & Cramer, 2013 for a detailed explanation on the benefits of network
analysis over factor analysis). Of critical importance, this approach could begin to suggest
hypotheses about how symptoms interrelate and develop over time, suggesting possible
causal patterns between symptoms over time (Borsboom & Cramer, 2013). Such
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information, if replicated using experimental designs, could suggest targeted interventions
directed at particular symptoms or symptom clusters during particular developmental
periods in future prospective work.

The current paper thus presents the first network analyses to assess ADHD symptoms across
developmental periods that span preschool into adulthood. Such a network analytic approach
allows for focused analysis of the relative importance of individual symptoms and their
interrelation, enabling both (a) evaluation of changes in structure of these relationships
within a common framework over time and (b) identification of core symptoms within the
syndrome structure. Visualizations of the networks using one- (ADHD), two- (inattention
and hyperactivity-impulsivity) and three- (inattention, hyperactivity, and impulsivity)
clusters were planned. It was hypothesized that the symptom structure would move from
relatively simple and undifferentiated to relatively complex and differentiated. Symptom
centrality (i.e. how important symptoms are in the network) and bridge, or adjoining,
symptoms were examined within developmental periods. It was hypothesized that core
symptoms could be identified across development, within the differentiating pattern,
facilitating assessment of ADHD across the lifespan.

METHOD

Participants

Overview—Preschoolers, children, adolescents, and adults, along with their parents,
teachers, and significant others, participated in the current study. Participants were recruited
from the community and completed a comparable multistage screening and diagnostic
procedure including informed consent consistent with APA, NIH, and IRB guidelines.

Preschool sample: Preschool participants were 109 young children between the ages of
three and six and their primary caregivers and identified teachers, daycare providers, or
babysitters. Sixty-four percent of the sample was male, and 36% of the sample identified as
ethnic or racial minority. Annual family income exhibited a wide range (from below $20,000
to over $100,000 US dollars). Based on multistage and comprehensive diagnostic screening
procedures (detailed below), children were classified into two groups: ADHD (n=61) and
typically developing non-ADHD children (n7=48). The non-ADHD group included children
with subthreshold (i.e., 4 or 5) symptoms, consistent with research suggesting that ADHD
may be better captured by continuous dimensions than categorical diagnosis (Haslam et al.,
2006; Marcus & Barry, 2011).

Child sample: There were 548 child participants (59% male) between the ages of 6 and 12
and their primary caregivers and teachers. Fifty-nine percent were male, and 26% identified
as ethnic or racial minority. Annual family income exhibited a wide range from below
$20,000 to over $500,000 US dollars. Using DSM-IV-TR criteria, children were classified as
ADHD (n=302) or typically developing non-ADHD comparison youth (= 246), including
subthreshold cases.

Adolescent sample: Adolescent sample participants were 357 youth between ages 13 and
17 and their primary caregivers and teachers. Fifty-nine percent were male, and 22%
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identified themselves as ethnic or racial minorities. Families exhibited a wide range of
incomes. Participants included those who met research criteria for ADHD, any subtype (7=
144), and typically developing non-ADHD youth (n=213), including subthreshold cases.

Adult sample: Adult participants were 406 adults between the ages of 18 and 37 and
identified parents, significant others, or friends. Forty-nine percent were male, and 13%
identified as ethnic or racial minority. They were classified as ADHD (n7= 145) and non-
ADHD comparison (/7= 261), including subthreshold cases.

Identification and Recruitment—All participants were recruited using a diverse set of
recruitment strategies including radio, newspaper, and movie theater advertisements and
general mailings or flyers targeting individuals who think they or their children might have
attention problems and/or advertising a study of the development of attention, as well as
mailings to local clinics (although less than 10% of the sample came from clinic
advertisements), in order to recruit a representative sample of community volunteers
enriched for presence of ADHD symptoms. Prospective participants then underwent a
standard multi-gate screening process to identify cases and non-cases eligible for the study.
At stage 1, participants (or parents of participants) completed a telephone screen to assess
eligibility. To be eligible to participate in the study, participants were required to be a native
English speaker and not have a sensorimotor disability, neurological illness, or be on a
current prescription for antidepressant, antipsychotic, or anticonvulsant medication. These
eligibility criteria were chosen to ensure study participants could adequately understand task
instructions and to eliminate the confounds of comorbid conditions and medication use that
could affect cognitive performance. Participants who passed this stage of screening went on
to a second stage of screening.

At stage 2, eligible participants and their parent and teachers (for children) or significant
others (for adults) completed semi-structured interviews and standardized normative rating
scales, described below, to ascertain ADHD and comorbid psychopathology. For the
preschool, child, and adolescence samples, parents of child participants completed either the
Diagnostic Interview Schedule for Children (D/SC-/V; Shaffer, Fisher, Lucas, Dulcan, &
Schwab-Stone, 2000), the Kiddie Schedule for Affective Disorders and Schizophrenia
(KSADS-E; Puig-Antich & Ryan, 1986), or the Kiddie Disruptive Behavior Disorders
Schedule (K-DBDS: Leblanc et al., 2008). In addition, parents and teachers completed the
following standardized rating scales: Child Behavior Checklist/Teacher Report Form
(CBCL/TRF; Achenbach, 1991a) and the ADHD Rating Scale (ADHD-RS; DuPaul et al.,
1998).

For the adult sample, participants completed a retrospective Kiddie Schedule for Affective
Disorders and Schizophrenia (KSADS-E; Puig-Antich & Ryan, 1986) in order to assess
current and past ADHD symptoms. Adult participants also completed the Barkley and
Murphy (1998) Current ADHD Symptoms Rating Scale, the Conners, Erhardt, and Sparrow
(1999) Adult ADHD Rating Scale, the Achenbach (1991b) Young Adult Self Report, and the
Brown (1996) Adult ADHD Rating Scale. Two other informants also reported on the adult
participant’s ADHD symptoms. One informant (usually a parent) reported on childhood
ADHD symptoms via a retrospective K-SADS ADHD module and the ADHD Rating Scale,
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and another informant (usually a partner or friend) completed a current K-SADS ADHD
module and the Conners peer rating, the Barkley and Murphy peer ratings on adult
symptoms, and a brief screen of antisocial behavior and drug and alcohol use.

For all participants, a clinical diagnostician then used this information to arrive at a “best
estimate” diagnosis (Faraone, 2000). Inter-rater agreement was satisfactory on presence or
absence of ADHD (x =.80) and ADHD subtype (x ranged from .74 to .89).

ADHD Symptoms—The 18 ADHD symptoms were coded on a 0 (rarely or never) to 3
(always or very often) rating scale on the ADHD Rating Scale (Barkley & Murphy, 1998;
DuPaul et al., 1998) using parent report for preschoolers, children, and adolescents. For
adults, other report was also utilized which was mostly parent report, but also included
significant other, friend, and employer report. Secondary analyses examined reporter effects
by examining differences in networks between parent report and teacher report in children
and between other (mostly parent) and self report in adults.

Data Analytic Plan

We used network analysis to examine a network of ADHD symptoms and identify potential
core ADHD symptoms. In a network analysis, symptoms are assumed to be correlated with
each other and represent a complex network of psychopathology. This type of analysis
allows for examination of interplay between symptoms and allows for tests of which
symptoms might be central to the network. The more central a symptom is to the center of
the network, the more strongly it is related to many of the other symptoms in the network
and the more involved it is in many of the pathways within the network. This methodology
differs from Item Response Theory (IRT) and Factor Analysis in several ways. Instead of
identifying an underlying latent variable as in factor analysis, or identifying specific items
that contain response bias as in IRT, network analysis focuses on item interrelations and
thereby suggests hypotheses about which symptoms themselves may be causal players in the
symptom network. For example, instead of assuming that major depression stems from an
underlying latent variable consisting of items such as sleep problems, fatigue, and low
mood, network analysis assumes that these symptoms might be intertwined in a causal
system not stemming from a latent variable. Such a system might suggest that sleep
problems cause fatigue, which causes low mood, instead of each of these symptoms loading
onto a major depression latent variable. For more information on theory behind network
analysis and empirical examples of how to conduct network analysis, please see Borshoom
and Cramer (2013).

A series of networks were computed using the R package ggraph (Epskamp, Cramer,
Waldorp, Schmittmann, & Borsboom, 2012). We used the portion of the script and followed
procedures provided in the supplemental materials from Borsboom and Cramer (2013).
Networks were not specified to be directional, nor did we set a predetermined number of
paths or strength of correlations. For each age group (i.e., preschool, childhood, adolescence,
and adulthood), networks were computed and then visualized in three different ways using
different colors as one-cluster (ADHD), two-cluster (inattention and hyperactivity-
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impulsivity), and three-cluster (inattention, hyperactivity, and impulsivity). The three
network visualizations within an age group were the same, and -- for parsimony-- the best-
fitting network visualization within each age range is shown in the relevant figures,
visualized with one, two, or three colors, based on how symptoms clustered together. Within
each of the modeled networks, nodes represent individual symptoms (e.g., one rated item on
the ADHD Rating Scale), and edges represent the relationship or distance between these
individual symptoms (in this case, the correlation coefficient).

First, networks were visually inspected through examination of tight clustering of individual
symptoms and potential bridge symptoms. Bridge nodes are symptoms that link adjacent
symptoms together and are theorized to constitute pathways that could causally connect
symptoms or behaviors (pending longitudinal data analysis). Next, statistical indices, called
measures of centrality, were calculated to quantify aspects of the network, particularly node
centrality, using the tnet package in R (Freeman, 1979; Opsahl, Agneessens, & Skvoretz,
2010). We used two indices of centrality: Closeness and Degree. Closeness represents the
inverse of the sum of distance to all other nodes; higher numbers indicating that a node is
more central to the network relative to the other items. Degree represents the sum of the
weights of the relations with which a node is involved and captures the strength of the
relations that a node has with all other nodes (Opsahl & Panzarasa, 2009). Again, higher
numbers indicate higher centrality.

Preschool Network

During preschool, as shown visually in Figure 1, the nodes formed a tight cluster suggesting
that symptoms could be construed as one single clustered network visualized as ADHD. As
seen in Figure 1, a network of six core symptoms is at the center of the network: Often
easily distracted, Often does not follow through and fails to finish, Unable to play quietly,
Does not seem to listen;, Difficulty organizing, and Difficulty sustaining attention. In
particular, Often easily distracted is linked with Does not listen, Difficulty sustaining
attention, and Does not follow through and fails to finish. In addition, Often forgetful and
Often loses things were linked. Difficulty waiting turn, Unable to play or engage in leisure
activities quietly, and Often interrupts or intrudes appear to be a linked set of impulsive
symptoms in this age range. Finally, Runs about or climbs, Leaves seat in situations where
remaining seated in expected, and Often “on the go,” acts as Iif “driven by a motor”are a
linked set of motor symptoms in this age range. There are also two symptoms that are less
important and less central to network: Fails to pay close attention and makes careless
mistakes and Often blurts out answer. These findings are supported by the indices of
centrality shown in Supplemental Appendix A, which shows that the symptoms central to
the network have higher closeness and degree values (closeness = .06; degree = 9.87),
whereas those on the edges of the network have lower values (closeness < .054; degree <
8.05).
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Childhood Networks

During childhood, from visual inspection, two clusters are best supported: inattention and
hyperactivity-impulsivity. As shown visually in Figure 2, inattention forms a tight network,
while hyperactivity-impulsivity is more widely dispersed in a separate cluster. Does not
follow through, fails to finishis the central inattentive symptom. Does not seem to listen, a
central symptom during preschool, is the symptom that bridges the inattentive and
hyperactive-impulsive clusters, leading to Often easily distracted (a central symptom during
preschool), Difficulty waiting turnand Interrupts, intrudes on others. Talks excessively is
highly linked with impulsive symptoms, as in ICD-10 criteria. Difficulty sustaining attention
is highly linked with Often fidgets. Similar to preschool results, Runs about or climbs,
Leaves seat in situations where remaining seated in expected, and Often “on the go,” acts as
If “driven by a motor” are a linked set of motor symptoms in this age range, also highly
linked with Often fidgets and Often unable to play or engage in leisure activities quietly, the
latter of which link these hyperactive symptoms to impulsive symptoms to form a cluster.
Indices of centrality, shown in Supplemental Appendix A, suggest that Difficulty sustaining
attention and Often easily distracted are central to ADHD symptoms in this age range, as
indicated by closeness of .062 and degree of 10.05 or above, while Often runs about or
climbs and Often talks excessively are less central to the network (closeness of .054 or
below; degree of 7.54 or below).

Adolescent Networks

During adolescence, three clusters are best supported visually: inattention, hyperactivity, and
impulsivity, shown in Figure 3. Inattention and impulsivity form a tight network, and the
hyperactivity items are less central, particularly Often unable to play or engage in leisure
activities quietly. In this age range, impulsivity symptoms are more central, appearing in the
middle of the cluster. Further, there is a verbal impulsivity triad with the symptoms Often
talks excessively, Often unable to play or engage in leisure activities quietly, and Often
interrupts or intrudes tightly linked. Often easily distracted, a central symptom during
preschool and a bridge symptom during childhood, is the symptom bridging inattentive and
impulsive items (with the highest closeness of .063, degree of 10.23). Often reluctant to
engage in tasks that require sustained mental effortis the central inattentive symptom. In
contrast to preschool and childhood, Often does not seem to listen is less connected to the
network and seemingly not as important. Measure of centrality shown in Figure 3 indicate
that Often runs about or climbs, Often “on the go,” acting as if “driven by a motor,”and
Often talks excessively are also much less central in this age range (closeness of .054 or
below; degree of 7.47 or below).

Adult Networks

During adulthood, three clusters were best supported, shown visually in Figure 4. Similar to
the adolescent network, but even more notably, the third cluster might best be termed a
verbal impulsivity cluster due to tight linkages between Often interrupts or intrudes, Often
blurts out an answer, Often talks excessively, and Often unable to play or engage in leisure
activities guietly. As in all age ranges, and as indexed by measures of centrality in
Supplemental Appendix A, Often easily distracted and Difficulty sustaining attention are
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central symptoms with closeness of .066 and degree of 7.53 or above. As in childhood and
adolescence, Often easily distracted is a bridge symptom between inattention, hyperactivity,
and impulsivity. However, compared to the other age ranges, inattentive symptoms are less
tightly clustered in adulthood. Difficulty sustaining attention, Reluctant to engage in tasks
that require sustained mental effort, and Often easily distractedform a tight triad of
inattentive/mental effort symptoms in the middle of the ADHD cluster. Runs about or
climbs, Leaves seat in situations where remaining seated in expected, and Often fidgets
remain a central motor symptom triad in this age range, similar to during preschool and
childhood. Often forgetful, Difficulty organizing tasks and activities, and Often loses things
form a triad of inattentive-disorganized symptoms less central to the ADHD cluster. Often
does not seem to listenand Talks excessively are less central to the network and are less
central symptoms in this age range (closeness of .052 and degree of 5.08 or below).

Secondary Checks Based on Informant Report

Childhood results largely held using teacher (vs. parent) report of child symptoms, as
visualized in Supplemental Appendix B. Adult results varied based on reporter. A one-
cluster solution seemed best based on self report ratings, as compared to peer report ratings,
as visualized in Supplemental Appendix C.

DISCUSSION

Overall, study results suggested that ADHD symptoms become more differentiated
(mathematically, less tightly clustered) across development. During preschool, all symptoms
clustered tightly together. However, as expected, and consistent with an extensive factor
analytic literature, network analysis confirmed that the DSM-5 two-domain symptom
structure is most appropriate during childhood. Impulsive symptoms became more central
and important during adolescence. During adulthood, symptoms became most differentiated,
clustering into mental effort, disorganization, motor overactivity, and verbal impulsivity
clusters. Yet, continuity was also apparent. Across developmental periods, Often easily
distracted was an important bridge symptom between inattentive and hyperactive-impulsive
symptom domains regardless of developmental period, suggesting that the presence of this
symptom may increase risk for high symptom counts in both symptom domains. Further,
Often easily distracted and Difficulty sustaining attention seem to be central, or core,
symptoms, suggesting that they may exert a high level of influence on the manifestation of
other ADHD symptoms.

These findings are informative in several respects. Progressive differentiation of symptoms
as individuals’ age suggests that -- during preschool-- children with ADHD may exhibit
similar difficulties with all symptoms. However, by adulthood, distinct clusters of co-
occurring symptoms are apparent, perhaps based on individual patterns of coping and skills
(Casey et al., 2008; Sterba et al., 2010). This finding corresponds with prior work suggesting
that individuals with ADHD may be neurobiologically immature, exhibiting high levels of
ADHD symptoms across the board during preschool and only “catching up” to typically-
developing individuals (at least in some instances) in regard to cortical development during
late adolescence or early adulthood (Shaw et al., 2007).
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While motor difficulties and clusters are apparent early during development, as early as
preschool, impulsivity, particularly verbal impulsivity, including the symptom of 7alks
excessively as in the ICD-10 criteria, appear to become more salient during childhood.
Impulsivity is particularly central to the ADHD network during adolescence, a period of
time in which the limbic system in especially powerful given the relative underdevelopment
of the prefrontal cortex (Casey et al., 2008). Further, adolescents experience more freedom
than younger children, making their impulsive decisions more noticeable. Impulsivity may
thus drive other ADHD symptoms and, speculatively, other comorbid problems during this
period. Verbal impulsivity is then particularly important during adulthood, perhaps because
it is the last aspect of impulsivity to be reined under voluntary control. Thus, impulsivity
may be an important dimensional, transdiagnostic core construct that could benefit from
efficient screening and assessment, in line with NIMH RDoC initiatives (Insel, 2014).

During adulthood, meaningful low mental effort, disorganization, motor overactivity, and
verbal impulsivity clusters of symptoms were apparent. By the time individuals with ADHD
reach adulthood, their symptoms may be more ingrained and falling into consistent,
mutually-reinforcing patterns. That is, a history of being Often easily distracted may lead
Difficulty sustaining attentionand in turn may lead to a more habitual behavior of
Reluctance to engage in tasks that require sustained mental effort, the low mental effort
triad. Likewise, being Often forgetful and Often loses things may cause an adult with ADHD
to have Difficulty organizing tasks and activities, the disorganized triad. Often blurts out an
answer before a question has been completed s likely highly associated with Often
interrupts, as well as Often having difficulty waiting his or her turn, the verbal impulsivity
triad.

Importantly, self report of ADHD symptoms in adulthood was dramatically different than
other (mostly parent) report of symptoms, and this finding was in contrast to parent and
teacher report of childhood ADHD symptoms, which looked similar to one another. This
finding might suggest that adults with ADHD, similar to children with ADHD, are not
accurate reporters of their own symptoms (Knouse et al., 2005; Kooij et al., 2008; Owens et
al., 2007). Thus, it may be beneficial to emphasize other informant reports of ADHD
symptoms during adolescence and adulthood (Molina & Sibley, 2014; Sibley et al., 2012),
similar to what is recommended in children (Pelham et al., 2005). Alternatively, this finding
might suggest that self and others think of or observe ADHD symptoms in different ways
(De Los Reyes & Kazdin, 2005).

One of our primary findings is that there are two central symptoms across developmental
periods. Specifically, Often easily distracted and Difficulty sustaining attention are central
symptoms across age ranges. Thus, these symptoms may represent the core of ADHD,
regardless of developmental period. Therefore, these symptoms may be usefully emphasized
across age ranges and, with further revisions of the DSM, might be useful as weighted
symptoms or core symptoms utilized across developmental periods. Currently, they could be
useful as screening items to identify individuals across age ranges who are more likely to
meet diagnostic criteria for ADHD. Theoretically, these core symptoms may be the
behaviors maintaining the disorder by causing other symptoms to develop or reinforcing
other symptoms. Further, Often easily distractedis a symptom that bridges across the
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inattentive and hyperactive-impulsive symptom domain across most age ranges, suggesting
that Often easily distracted may be a marker of more severe ADHD symptom profiles
cutting across inattentive and hyperactive-impulsive symptom domains and, when present,
may increase the likelihood that a given individual will have problems with both inattention
and hyperactivity-impulsivity. Therefore, these core symptoms, particularly distraction,
might be key treatment targets. Intervening on these symptoms may be the most efficient
treatment for ADHD given that changes to these symptoms likely to project to the ADHD
network as a whole.

Of course, conclusions are limited by the fact that the current study utilized cross-sectional
samples of preschoolers, children, adolescents, and young adults. Results should also be
replicated using longitudinal data. Such an approach could also be useful for mapping an
individual’s specific causal network of ADHD symptoms to perfect understanding of ADHD
clinical heterogeneity and personalize intervention approaches to the individual. In addition,
the current study was limited by its correlational design so we are unable to make causal
conclusions about direction of effects between symptoms or in regard to the direction and
nature of influences from neurobiology, the environment, and child symptoms. Future work
should experimentally test causal pathways between symptoms and the utility of intervening
on core symptoms. For example, if Often easily distracted and Difficulty sustaining attention
are early-emerging core symptoms, then behavioral intervention using reward charts to
facilitate improvements in distraction and sustained attention should lead to downstream
improvements in other ADHD symptoms and remission in ADHD (and possibly other
comorbid) symptoms over development. Such a study would advance causal theories of
ADHD by suggesting inter-individual pathways between symptoms and perhaps refined
etiological factors for clusters of symptoms. Finally, we are limited by the current
capabilities of network analysis, such as having no current clear guidelines on the strength of
indices of centrality. Further, since network analysis relies on single items represented as
symptoms, it is difficult to infer the reliability of item responses without obtaining multiple
responses on the same item for each participant. We hope that future methodological work
will provide more insight and even greater utility of such analysis.

Particularly important next studies include testing the utility of screening general population
samples for ADHD using a few core symptoms of Often easily distracted and Difficulty
sustaining attention in comparison to the full 18 symptoms (e.g., Kessler et al., 2006). Such
a stream-lined assessment screening process, if successful, would save pediatricians or other
practitioners significant time without requiring a change in symptom lists and could be
useful in population screening. Emphasis on these core symptoms in diagnostic assessment
procedures should be validated through testing prediction of external criteria such as
academic achievement, impairment, comorbid problems, and in comparison to full ADHD
diagnostic criteria.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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@ ADHD

Figure 1. Visualization of One-Cluster ADHD Preschool Network
Symptom Key. Close attn=Often fails to give close attention to details or makes careless

mistakes in schoolwork, at work, or during other activities. Sustain attn=Often has difficulty
sustaining attention in tasks or play activities. Listen=0ften does not seem to listen when
spoken to directly. Follow thru=Often does not follow through on instructions and fails to
finish schoolwork, chores, or duties in the workplace. Organize=Often has difficulty
organizing tasks and activities. Mental effort=Often avoids, dislikes, or is reluctant to engage
in tasks that require sustained mental effort. Loses=Often loses things necessary for tasks or
activities. Distracted=Is often easily distracted by extraneous stimuli. Forgetful=Is often
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forgetful in daily activities. Fidgets=Often fidgets or raps hands or feet or squirms in seat.
Leaves seat=0Often leaves seat in situations when remaining seated is expected. Runs,
climbs=Often runs about or climbs in situations where it is inappropriate. Quiet=Often
unable to play or engage in leisure activities quietly. On the go=lIs often “on the go,” acting
as if “driven by a motor.” Talks=Often talks excessively. Blurts=Often blurts out an answer
before a question has been completed. Waiting=Often has difficulty waiting his or her turn.
Interrupts=Often interrupts or intrudes on others.
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® inatt
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Figure 2. Visualization of Two-Cluster Childhood I nattention and Hyperactivity-lmpulsivity
Network

Symptom Key. Close attn=0Often fails to give close attention to details or makes careless
mistakes in schoolwork, at work, or during other activities. Sustain attn=Often has difficulty
sustaining attention in tasks or play activities. Listen=0ften does not seem to listen when
spoken to directly. Follow thru=Often does not follow through on instructions and fails to
finish schoolwork, chores, or duties in the workplace. Organize=Often has difficulty
organizing tasks and activities. Mental effort=Often avoids, dislikes, or is reluctant to engage
in tasks that require sustained mental effort. Loses=Often loses things necessary for tasks or
activities. Distracted=Is often easily distracted by extraneous stimuli. Forgetful=Is often
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forgetful in daily activities. Fidgets=Often fidgets or raps hands or feet or squirms in seat.
Leaves seat=0Often leaves seat in situations when remaining seated is expected. Runs,
climbs=Often runs about or climbs in situations where it is inappropriate. Quiet=Often
unable to play or engage in leisure activities quietly. On the go=lIs often “on the go,” acting
as if “driven by a motor.” Talks=Often talks excessively. Blurts=Often blurts out an answer
before a question has been completed. Waiting=Often has difficulty waiting his or her turn.
Interrupts=Often interrupts or intrudes on others.
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Figure 3. Visualization of Three-Cluster I nattention, Hyper activity, and I mpulsivity Adolescent
Networ k

Symptom Key. Close attn=0Often fails to give close attention to details or makes careless
mistakes in schoolwork, at work, or during other activities. Sustain attn=Often has difficulty
sustaining attention in tasks or play activities. Listen=0ften does not seem to listen when
spoken to directly. Follow thru=Often does not follow through on instructions and fails to
finish schoolwork, chores, or duties in the workplace. Organize=Often has difficulty
organizing tasks and activities. Mental effort=Often avoids, dislikes, or is reluctant to engage
in tasks that require sustained mental effort. Loses=Often loses things necessary for tasks or
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activities. Distracted=Is often easily distracted by extraneous stimuli. Forgetful=Is often
forgetful in daily activities. Fidgets=Often fidgets or raps hands or feet or squirms in seat.
Leaves seat=0Often leaves seat in situations when remaining seated is expected. Runs,
climbs=0ften runs about or climbs in situations where it is inappropriate. Quiet=Often
unable to play or engage in leisure activities quietly. On the go=Is often “on the go,” acting
as if “driven by a motor.” Talks=Often talks excessively. Blurts=Often blurts out an answer
before a question has been completed. Waiting=Often has difficulty waiting his or her turn.
Interrupts=Often interrupts or intrudes on others.
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Figure 4. Visualization of Three-Cluster Inattention, Hyperactivity, and Impulsivity Adult
Network

Symptom Key. Close attn=Often fails to give close attention to details or makes careless
mistakes in schoolwork, at work, or during other activities. Sustain attn=Often has difficulty
sustaining attention in tasks or play activities. Listen=0ften does not seem to listen when
spoken to directly. Follow thru=Often does not follow through on instructions and fails to
finish schoolwork, chores, or duties in the workplace. Organize=Often has difficulty
organizing tasks and activities. Mental effort=Often avoids, dislikes, or is reluctant to engage
in tasks that require sustained mental effort. Loses=Often loses things necessary for tasks or
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activities. Distracted=Is often easily distracted by extraneous stimuli. Forgetful=Is often
forgetful in daily activities. Fidgets=Often fidgets or raps hands or feet or squirms in seat.
Leaves seat=0Often leaves seat in situations when remaining seated is expected. Runs,
climbs=0ften runs about or climbs in situations where it is inappropriate. Quiet=Often
unable to play or engage in leisure activities quietly. On the go=Is often “on the go,” acting
as if “driven by a motor.” Talks=Often talks excessively. Blurts=Often blurts out an answer
before a question has been completed. Waiting=Often has difficulty waiting his or her turn.
Interrupts=Often interrupts or intrudes on others.
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