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Abstract
Long-term, prospective follow-up studies of children diagnosed with Attention-Deficit/Hyperactivity Disorder
(ADHD) show that symptoms tend to decline with age, but impairments in daily life functioning often persist
into adulthood. We examined the developmental progression of impairments before and after the transition
out of high school in relation to parent involvement during adolescence, parent support during adulthood, and
college attendance, using 8 waves of data from the prospective 16-year follow-up of the Multimodal Treatment of
ADHD (MTA) Study. Participants were 548 proband children diagnosed with DSM-IV ADHD Combined Type
and 258 age- and sex-matched comparison children (Local Normative Comparison Group; LNCG) randomly
sampled from probands’ schools. Impairment was assessed consistently by parent report from childhood through
adulthood. Results showed that impairment worsens over time both before and after the transition to adulthood
for those with ADHD histories, in contrast to non-ADHD peers, whose impairments remained stably low over time.
However, impairment stabilized after leaving high school for young adults with ADHD histories who attended
college. Involved parenting in adolescence was associated with less impairment overall. Attending college was
associated with a stable post-high school trajectory of impairment regardless of parents’ involvement during
adolescence, but young adults with histories of involved parenting and who attended college were the least
impaired overall.
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Introduction

For many children diagnosed with Attention-Deficit/ Hyper-
activity Disorder (ADHD), symptoms (particularly of the hy-
peractive/impulsive type) decline with age (Fischer, Barkley,
Fletcher, & Smallish, 1993; Hart, Lahey, Loeber, Applegate,
& Frick, 1995; Hinshaw et al., 2012; Molina et al., 2009),
but impairments in daily life functioning typically persist
into adulthood. In one sample of children with ADHD, just
20% met DSM-IV-TR criteria for ADHD symptoms by young
adulthood, but over 60% had clinically significant impairment
(Sibley, Pelham, Molina, Gnagy, Waxmonsky, et al., 2012a).

Similar findings from another longitudinal sample showed
that 35% of young adults continued to meet diagnostic crite-
ria, but 72% were functionally impaired (Biederman, Petty,
Evans, Small, & Faraone, 2010). Lower rates of diagnoses de-
spite high rates of impairment may reflect the developmental
insensitivity of DSM symptom criteria for ADHD in adoles-
cence and adulthood (Barkley, Fischer, Smallish, & Fletcher,
2002) and the relative importance of impairment in daily life
functioning (e.g., Fedele, Hartung, Cany, & Wilkowski, 2010).
Impairments are thus essential to understanding how ADHD
progresses into adolescence and adulthood. In the present
study, we evaluate trajectories of impairment before and after
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the transition out of high school and consider parenting and
college attendance as factors that may shape the developmen-
tal course of impairment through young adulthood.

Children with ADHD display impairments in family func-
tioning, peer relationships, and academic functioning that
only modestly correlate with symptoms of inattention and
hyperactivity (Burns, Servera, Bernad, Carrillo, & Geiser,
2014; Gathje, Lewandowski, & Gordon, 2008; Gordon et
al., 2006). In treatment studies, improvements in specific
domains of functional impairment co-occur with symptom im-
provements for less than half of children (Karpenko, Owens,
Evangelista, & Dodds, 2009; Owens, Johannes, & Karpenko,
2009). However, impairments are typically the basis for re-
ferral to treatment (Pelham & Fabiano, 2008) and are key
targets of treatment (Chronis et al., 2001). As children age,
impairments become increasingly relevant due to their cost,
education and employment implications, and potential for
health consequences (e.g., Barkley et al., 2006; Kleinman,
Durkin, Melkonian, & Markosyan, 2009). In early adoles-
cence, increased academic workloads and greater demands
for independent and organized work probably account for
increased ADHD-related difficulties in high school despite
declining symptom levels (Kent, Pelham, Molina, & Sibley,
2011; Langberg et al., 2011). Also during adolescence, peer
relationships become more important and complex. Adoles-
cents with childhood diagnoses of ADHD continue to experi-
ence elevated peer rejection compared to adolescents without
ADHD (Bagwell, Molina, Pelham, & Hoza, 2001).

In general, the transition to adulthood spans several years
and creates risk for previously well-functioning adolescents as
they struggle with demands imposed by new contexts (Schu-
lenberg, Sameroff, & Cicchetti, 2004b). The transition to
adulthood is a phase of intensified vulnerability for adoles-
cents with ADHD who leave behind familiar environments
and institutional supports after finishing high school (Heiligen-
stein, Guenther, Levy, Savino, & Fulwiler, 1999). Increased
expectations for autonomy and environments that lack struc-
ture may lead to worsening impairments. Indeed, young adults
with ADHD histories have fewer close friends, poorer edu-
cational outcomes, and are more often fired from their jobs
compared to young adults without childhood ADHD (Barkley
et al., 2006). Their performance on executive function tasks
assessing inhibitory control and working memory is poorer
(Murphy et al., 2001), and their rates of internalizing, exter-
nalizing, and substance use disorders are higher (Biederman
et al., 2006). Two factors that may be relevant to the develop-
mental course of impairment after high school are the ongoing
presence of involved and supportive parents and college atten-
dance.

Parent Involvement and Support
Parents’ relationships with their children resonate across the
lifespan. Higher-quality parenting from childhood through the
early twenties (e.g., greater warmth and closeness) predicts
competent and adaptive social, academic, and behavioral func-

tioning during the transition to adulthood and beyond (Masten
et al., 2004). For children with ADHD, positive, authoritative
parenting in early childhood protects against future conduct
problems (Chronis et al. 2007). Authoritative parenting and
parental warmth also predict greater peer acceptance and less
rejection (Hinshaw, Zupan, Simmel, Nigg, & Melnick, 1997;
Hurt, Hoza, & Pelham, 2007). In one school-based sample,
greater parental warmth buffered the adverse effect of inat-
tentive symptoms on school social impairment (Kawabata,
Tseng, & Gau, 2011). Over time, children with ADHD whose
mothers possessed stronger parenting skills showed less aca-
demic and behavioral impairment by high school (Latimer et
al., 2003). Positive parenting has also been shown to buffer
the effect of ADHD symptom severity on task perseverance
(Thomassin & Suveg, 2012; but see also Schroeder & Kel-
ley, 2008). However, the link between positive parenting and
improved child functioning is weaker for children with more
severe ADHD symptoms (Healey, Flory, Miller, & Halperin,
2011). More severe ADHD symptoms are associated with neg-
ative parenting (e.g., inconsistent discipline, conflict), which
in turn predicts poorer social skills (Kaiser, McBurnett, &
Pfiffner, 2011). Reductions in negative and ineffective par-
enting practices during treatment predicts improvements in
social skills and disruptive behavior (Hinshaw et al., 2000).

Involved and supportive parents continue to reinforce pos-
itive outcomes as adolescents make the transition to adulthood
(Masten et al., 2004). Warm, supportive, and involved parent-
ing predicts greater school engagement through high school,
and in turn more years of post-secondary education (Hill &
Wang, 2014). For college students with ADHD, parent support
is also associated with lower levels of depression (Meinzer,
Hill, Pettit, & Nichols-Lopez, 2014). Young adults with sup-
portive parents clearly experience more positive outcomes and
are likely less impaired, but do they become less impaired
over time as they transition out of high school, and do the
benefits of supportive parenting differ for those who do and
do not attend college? Parent support during the transition
to adulthood (e.g., consultation on important decisions, guid-
ance for complex problem-solving, and support in coping
with significant stressors) may be associated with progressive
improvements in impaired functioning over time, but to our
knowledge this question has not yet been tested.

College Attendance
Children with ADHD are less likely than their non-ADHD
peers to enroll in college (Barkley et al., 2006; Kuriyan et
al., 2012). Yet, increasing numbers of college students are
presenting with ADHD, with an estimated 2–8% of students
on campus self-reporting clinically significant symptoms (Du-
Paul, Weyandt, O’Dell, & Varejao, 2009). It is unlikely that
these students are a uniformly high-performing group who
overcame their ADHD-related deficits. Indeed, inattentive
symptoms are associated with poorer GPAs at the end of stu-
dents’ first year of college (Frazier, Youngstrom, Glutting, &
Watkins, 2007). Compared to non-ADHD peers, college stu-
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dents with ADHD have lower high school GPAs, earn lower
GPAs in college, have more academic concerns, and with-
draw from more courses, despite similar hours spent studying
(Advokat, Lane, & Luo, 2011; Blase et al., 2009). College
students with ADHD display more social skills deficits (Shaw-
Zirt, Popali-Lehane, Chaplin, & Bergman, 2005) and aggres-
sive behavior (Richards, Deffenbacher, & Rosen, 2002; Theri-
ault & Holmberg, 2001). They are also less likely to complete
their degrees than peers without ADHD (Barkley, Murphy, &
Fischer, 2008; Wolf, 2001). Thus, studies of college students
with ADHD clearly demonstrate impairment, but whether this
impairment has continued, or worsened, from childhood is un-
clear. Prospective longitudinal study of impairment following
adolescents beyond the transition out of high school is needed
to directly answer this question. For college students with
ADHD histories, poorer executive function and difficulties
with delaying reward at a time when self-regulation is still
maturing creates a “double deficit” (Fleming & McMahon,
2012), and research is needed to determine whether involved
and supportive parenting can help ease this transition. To our
knowledge, these questions have yet to be tested.

The Current Study
In the present study we asked four questions about the de-
velopmental progression of impairment in adolescents with
ADHD histories (MTA probands), compared to peers without
ADHD (Local Normative Comparison Group; LNCG), before
and after the transition out of high school:

1. Do impairments tend to increase, decrease, or remain
stable as adolescents leave high school? Leaving be-
hind familiar environments and supports, we anticipate
impairment will increase after high school.

2. Are parent involvement and support, before and after
the transition out of high school, related to less impair-
ment and stable or declining rates of change in impair-
ment? For adolescents whose parents are involved in
their daily activities, and who continue to provide sup-
port after high school, levels of impairment may be
lower and impairments over time may be more stable.
Alternatively, less-impaired adolescents may invite and
reinforce parents’ efforts at being involved in their daily
lives (exemplifying a kind of selection bias).

3. Do trajectories of impairment after high school differ
for adolescents who do and do not attend college? Ado-
lescents who go on to college are probably already less
impaired than their non-college attending peers, but
college is challenging, with heavy academic demands
and expectations for independence that may lead to
worsening impairments after high school.

4. Do parent involvement and support influence impair-
ment and changes in impairment differently for college-
attending compared to other young adults? A foun-
dation of involved parenting followed by continued

support in adulthood are likely to be advantageous for
students, given the challenges of the college context,
but young adults in non-college settings face their own
set of challenges after leaving high school and may
also benefit from a history of involved parenting and
continued supportive relationships with parents.

Method
Participants were the 579 children initially recruited into the
Multimodal Treatment of ADHD (MTA) Study when they
were aged 7 to 9.9 (M=8.5, SD=.80) and diagnosed with
DSM-IV ADHD Combined Type. At each of six sites, be-
tween 95 and 98 children were randomly assigned to one
of four treatment groups: multicomponent behavioral treat-
ment (Beh), systematic medication management (MedMgt),
the combination of the behavioral and medication treatments
(Comb), or referral to usual community care (CC). Children
with comorbid diagnoses participated, and exclusion criteria
were limited to conditions requiring study-incompatible treat-
ments (e.g., psychosis, neuroleptic mediation), inability to
participate (e.g., hospitalization, IQ below 80), cross-arm con-
tamination (children in the same classroom or household), and
family-related risks and threats to full participation (e.g., his-
tory of abuse, parent stimulant abuse, non-English-speaking
primary caregiver). Recruitment strategy, detailed exclusion
criteria, diagnostic procedures, treatment, and sample demo-
graphic characteristics appear in other reports (Arnold et al.,
1997; MTA Cooperative Group, 1999; 2004).

Participant assessments took place at baseline prior to
treatment randomization, at 3 months, 9 months, and the con-
clusion of the 14-month treatment phase, and again at 2, 3,
6, 8, 10, 12, 14, and 16 years after treatment randomization.
A local normative comparison group (LNCG) of n = 289
children was recruited at the 2-year assessment, randomly
sampled from the same schools and grades as MTA probands,
matched for age and sex. LNCG children’s entry and exclu-
sion criteria were the same as for probands except they were
not required to have ADHD. They were followed from the 2-
through 16-year assessments. From the original sample, 95%
of the MTA probands contributed one or more data points
between the 2- and 16-year assessments, and were retained in
our analyses. All LNCG participants contributed data, but 31
children who were diagnosed with ADHD at study entry were
excluded from analyses. The final sample size was n=806
(n=548 MTA, n=258 LNCG).

For the present study, we drew on participant assessments
from the 2-year (M age=10.4, Range=8.2 to 13.9) through
16-year (M age = 25.0, Range = 21.7 to 28.6) follow-up waves
of assessment. Participant retention across waves was high.
In the present sample, 39% of MTA probands had complete
data across all waves (n=215/548), and 39% were missing
data on three or fewer waves (n=212/548). The remaining
22% were missing data on half or more of the waves. Fifty-
nine percent of LNCG had complete data across all waves
(n=152/258), and 32% were missing data on three or fewer
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waves (n=83/258). The remaining 9% were missing data on
half or more of the waves. Analyses for the current study
accommodated missing data using multiple imputation. This
strategy is appropriate when the pattern of missingness in the
data is unrelated to the dependent variable after controlling for
relevant measured variables (the missing at random or MAR
mechanism; see Enders, 2010; Schafer & Graham, 2002).

Cases with complete and incomplete data did not differ
on impairment after controlling for differences between MTA
probands and LNCG (F=.04, p=.85). We also performed a
series of comparisons between cases with complete versus
incomplete data and found that MTA probands with complete
data differed from probands with incomplete data on just 6 of
23 baseline variables (participants with incomplete data were
more often male, minority, had lower parent income, younger
mothers, and had poorer physical health). LNCG with com-
plete data differed from LNCG with incomplete data on 5 of
22 baseline variables (participants with incomplete data were
more often male, had lower parent income, younger mothers,
and had families who were divorced and who received social
assistance). Participants with complete data were no differ-
ent from participants with incomplete data on the majority
of baseline sociodemographic and adversity variables tested
(e.g., age, parent job loss, child health, school absences and
repeated grades). Thus, we are confident that our data meet
criteria for missingness at random (i.e., point estimates and
standard errors of parameters in our analyses are not likely
biased by attrition). All analyses were based on 100 imputed
data sets generated in SAS PROC MI. Data were imputed
for all assessments simultaneously, and imputed values were
informed by auxiliary variables that were not part of our anal-
ysis but that were likely to inform any pattern of missingness
in impairment (e.g., mothers’ ages).

Measures
Transition out of high school and trajectory coding strat-
egy.
The timing of each participant’s transition out of high school
was not directly recorded as part of the MTA assessments.
For participants with complete data, we designated the first
wave of assessment out of high school as the first wave at
which they had completed 12th grade and reported earning
a high school diploma or GED. For participants with incom-
plete data, we applied the above criteria and also verified the
wave closest to the transition out of high school by using the
number of months they reported being out of high school. The
post-transition trajectory was coded 0 at the first wave out of
high school, which corresponded to the 8-year assessment for
13% of participants, the 10-year assessment for 67% of partici-
pants, the 12-year assessment for 18% of participants, and the
14-year assessment for 2% of participants. Subsequent waves
were coded by adding the number of years since the first wave
out of high school (e.g., 2, 4, 6 for a participant whose first
wave out of high school was at the 10-year assessment). The
pre-transition trajectory was coded by subtracting the number
of years prior to the first wave out of high school (e.g., 8, 7, 4,

2 for a participant whose first wave out of high school was at
the 10-year assessment). Some participants had no evidence
of high school completion based on the above indices because
they did not complete MTA study assessments past adoles-
cence; thus, they contributed impairment information only
to the pre-transition trajectory. There were 63 participants
who dropped out of school (n=56/548 MTA probands, 10.2%;
n=7/258 LNCG, 2.7%). For these participants, the “first wave
out of high school” was assigned to the wave at which they
were between 18 and 19 years old. We also applied this cod-
ing strategy to 10 participants who contributed impairment
ratings at the 2-year assessment only.

Impairment
Impairment was assessed by parent report using two mea-
sures. For participants under age 18, parents completed the
Columbia Impairment Rating Scale (CIS; Bird et al. 1993), ad-
ministered at the 2-year through 10-year assessments. For par-
ticipants aged 18 and older, parents completed the Impairment
Rating Scale (IRS; Fabiano et al., 2006), administered at the 8-
year through 16-year assessments. In childhood, ratings were
obtained from the child’s primary caregiver. In adulthood,
ratings were obtained from the parent or guardian/collateral
reporter with the closest parent-like relationship to the target
participant. Mothers provided 88% of all child and 85% of
all adult impairment ratings; fathers provided 7% of all child
and 10% of all adult impairment ratings. The remaining 5%
of ratings were provided by grandparents, stepparents, foster
parents, and other family members (e.g., aunts, uncles).

Our goal was to combine responses from the CIS and
IRS to create a longitudinal measure that tracked participants’
general impairment from late childhood through young adult-
hood. Although several CIS items overlap with IRS items,
both scales contain many unique items assessing age-specific
functioning (e.g., behavior problems on the CIS; problems
affecting work on the IRS). Thus it is not appropriate to
treat IRS-rated impairment after age 18 as a continuation
of CIS-rated impairment in childhood and adolescence (i.e.,
we cannot assume or test longitudinal measurement equiva-
lence across these scales; see Horn & McArdle, 1992). We
used a technique for pooled or integrative data analysis to
create a longitudinal measure of impairment (see Hussong,
Curran & Bauer, 2013; Curran et al., 2008), as follows:

Feasibility. We first examined the content of the CIS and
IRS to determine whether the scales contained common items.
Common items are identical or highly similar in content and
function as anchors between disparate scales to link item
responses to a common metric over all ages and waves of
assessment (described in the item response theory literature
as scale aligning and equating; see Holland & Dorans, 2006).
We matched four IRS items to CIS counterparts with highly
similar content. For example, the IRS item assessing prob-
lems in relationships with other people his/her own age cor-
responded to the CIS item assessing problems getting along
with kids his/her own age. Other common items assessed
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relationships/getting along with parents and siblings, and aca-
demic difficulties. The remaining items were unique to each
scale. These included CIS items about behavior problems,
activities and fun, and getting along with non-parent adults,
and IRS items about problems affecting work, self-esteem,
romantic relationships, and overall impairment severity.

Selecting an item set. We reviewed and narrowed the pool
of items across both scales to those that could be used to
define a unidimensional impairment construct. Our final item
set contained 12 items, four of which were common to both
scales. We harmonized the response scales of the IRS and
CIS to be logically equivalent (see Hussong et al., 2013):
Responses on the CIS ranged from 0 (no problem) to 4 (a very
bad problem) whereas responses on the IRS ranged from 0
(no problem) to 6 (extreme problem). Item endorsement at the
most extreme categories of the IRS was sparse (across all IRS
items, between 2.6% and 7.4% of responses were in category
5; between 1.4% and 4.9% of responses were in category
6), so we combined responses at this level with responses in
category 4 to create a 5-point response scale for IRS items
that corresponded to the 5-point scale used on the CIS.

Developing a measurement model. We developed a for-
mal factor analytic measurement model for the purpose of
generating factor scores of impairment that would share a
common metric over all ages and waves of assessment (i.e., a
commensurate measure; see Hussong et al., 2013). We tested
our measurement model on a cross-sectional calibration sam-
ple of our data, created by retaining impairment items from a
single, randomly-selected wave of assessment for each partici-
pant in the study. Our measurement model regressed common
and unique items from the CIS and IRS on a single latent
variable representing impairment. To improve the precision
of our factor scores, we conditioned the impairment factor on
participants’ age, ADHD vs. LNCG group, and sex. Final
parameter estimates from the conditional model were applied
to a model using the full longitudinal sample. We extracted
final factor scores from this model for use in our multilevel
analyses. Scores ranged from 2.27 to 2.33 (M=.43, SD=1.08).

Reliability, validity, and cross-validation. The average re-
liability of the impairment factor scores was r’=.86 (see Em-
bretson & Reise, 2000, p. 18), and the test-retest correlation
between scores at adjacent waves of assessment was r=.72.
Correlations between impairment scores and other study mea-
sures, described below, were in expected directions (Table 1)
and support the validity of the measure. We replicated our
measurement model with a second, non-overlapping cross-
validation sample of our data, created by retaining data from
a single, randomly-selected wave of assessment for each par-
ticipant from among the remaining waves not included in our
calibration sample. Factor scores from the models based on
the calibration and cross-validation samples were correlated
above r=.99.

Parent involvement and support
Parent involvement was assessed in adolescence, and parent
support was assessed in young adulthood. For participants
under age 18, parents completed the Alabama Parenting Ques-
tionnaire (Frick, 1991) at the 2-year and 6- through 10-year
assessments. The 10-item involvement subscale used in this
study assessed parents’ involvement with and conversations
about their child’s daily activities, homework, and friends, as
well as parents’ participation in school and extracurricular
activities. Items were rated on a 5-point scale ranging from
1 (never) to 5 (always). Scores across assessments on the
involvement subscale were averaged to create a measure of
mean parent involvement in adolescence.

Participants aged 18 and over completed the Network of
Relationships Inventory (NRI; Furman & Buhrmester, 2009)
at the 12-year through 16-year assessments. Subscales as-
sessed young adults’ reliance on their mothers/fathers for
support with personal problems, advice, sympathy (support
subscale; 3 items) and for help working through challenges
and completing tasks (instrumental aid subscale; 3 items).
These items were combined with a companionship item as-
sessing social time spent with mothers and fathers to form
a 7-item measure of parent support. Participants separately
rated their mothers and fathers on a scale ranging from 1 (little
or none) to 5 (most). Ratings of mothers and fathers were
averaged to create a parent composite, and composite scores
across assessments were averaged to create a measure of mean
parent support in young adulthood. Participants tended to rate
their parents similarly, and discrepancies between participants’
perceptions of support from mothers and fathers were unre-
lated to impairment.

College attendance
Participants were contrast-coded as having attended college
(.5=did not attend; .5=attended college) if at any time from
the first wave out of high school and through later waves they
indicated current full-time enrollment in a college, univer-
sity, community college, or post-college graduate program,
or if they reported completing at least their first year of col-
lege/university/community college. Of the participants who
contributed data on college attendance (n=752), 42.1% of
MTA probands attended (n=212 of 503), compared to 67.9%
of LNCG (n=169 of 249). Two-thirds of college-attending
participants were enrolled at their first assessment out of high
school, and an additional 26% were enrolled by their sec-
ond assessment out of high school. Thus, the majority of
participants who attended college were traditional-aged stu-
dents who enrolled immediately or almost immediately after
completing high school.

Covariates
Analyses modeled differences between participants with and
without childhood ADHD histories (0=ADHD, 1=LNCG),
biological sex (0=male, 1=female), ethnicity (three dummy-
coded variables to assess differences between Black, Hispanic,
and Other ethnicity compared to White), baseline family in-
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come (1= less than $10,000 to 9=$75,000 or more), partici-
pants’ ages within each wave (assessments were not equally
spaced for all participants and there was age variability at
each wave), whether participants completed high school or
dropped out (0=completed high school, 1=dropped out), and
participants’ post-transition living arrangements (two dummy-
coded variables to assess living independently and other living
arrangements compared to living in a family or non-family
member’s household). Ongoing ADHD diagnostic status
and internalizing and externalizing comorbidity were also
included as covariates, based on responses collected from
the Diagnostic Interview Schedule for Children (DISC-IV;
parent and youth versions; Shaffer, Fisher, Lucas, Dulcan, &
Schwab-Stone, 2000). ADHD diagnostic status was treated
as a time-varying covariate: participants were coded at each
wave of assessment based on whether they met criteria for an
ADHD diagnosis of any subtype from parent- or self-report
criteria. Internalizing and externalizing diagnoses at each
wave were condensed into codes indicating whether a di-
agnosis was present at one or more assessments during the
pre-transition phase (adolescence), during the post-transition
phase (young adulthood), or during both phases. Participants
had an internalizing diagnosis if they met criteria for major
depression, dysthymia, mania, panic disorder, generalized
anxiety disorder, separation anxiety disorder, social phobia,
agoraphobia, or obsessive-compulsive disorder. Participants
had an externalizing diagnosis if they met criteria for conduct
disorder or oppositional defiant disorder. We used weighted
effects coding in our analyses to model the effects of having
each type of diagnosis during pre-transition, post-transition,
or both phases (see Cohen, Cohen, West, & Aiken, 2003, pp.
328–332).

In a supplementary analysis of the MTA probands only,
we also included as covariates original randomized treatment
(contrast coded; see Jensen et al., 2007; Swanson et al., 2001)
and use of special education services during school years
(summing over all school years, total number of occasions par-
ticipants received special education classes or programming,
occupational/physical therapy, speech-language therapy, or
participated in a special school for children with ADHD or
LD).

Analytic Strategy
We tested a two-level multilevel growth model for impair-
ment with SAS PROC MIXED. We used a piecewise linear
function (Flora, 2008) to separately model rates of change in
impairment through adolescence (Piece 1; the pre-transition
trajectory) and after the transition out of high school (Piece
2; the post-transition trajectory). These trajectories and their
interaction with ADHD vs. LNCG group tested our first ques-
tion regarding rates of change before and after the transition
out of high school for those with and without ADHD his-
tories. Main effects of parenting and interactions between
parenting measures and each of the pre- and post-transition
trajectories tested our second question regarding the influence

of parent involvement and support on severity and rates of
change in impairment. The main effect of college attendance
and the interaction with the post-transition trajectory tested
our third question regarding the relation between college atten-
dance and impairment after high school. Interactions between
parenting and college attendance tested our fourth question re-
garding differential association of parenting with impairment
in college- vs. non-college-attending young adults. ADHD
vs. LNCG differences were examined for tests corresponding
to each research question. We performed a second, supple-
mentary multilevel analysis of impairment in MTA probands
only, adding randomized treatment assignment and receipt of
special education services as covariates.

Results
Participants and Procedure Table 1 shows means, stan-
dard deviations, and correlations between study variables.
Impairment scores, derived from the nonlinear factor analysis
model, are on a conditionally standardized scale. A score of
zero represents MTA probands’ mean impairment at the first
wave out of high school. In contrast, LNCG mean impairment
was 1.2 standard deviations lower at the first wave out of high
school (a score of 1.2). Mean levels of parent involvement
in adolescence and parent support in young adulthood were
similar for MTA probands and LNCG participants. However,
68% of the LNCG attended college full-time after high school
compared to 42% of MTA probands; similarly, fewer than 3%
of LNCG dropped out before completing high school com-
pared to 10% of MTA probands. Mean family income at the
baseline assessment was approximately $10,000 higher for
LNCG families compared to MTA proband families; however,
the LNCG baseline assessment occurred two years after MTA
probands’ baseline assessment. During waves of assessment
after the transition out of high school, MTA probands reported
living independently 36% of the time compared to 44% for
LNCG. MTA probands also received on average 279 occa-
sions of special education services over the course of their
years in school (SD=398.72; Median=76; Range=0 to 2268).

Pearson correlations between study measures in Table 1
were similar for MTA probands and LNCG: Impairment was
negatively correlated with parent involvement and support;
parent involvement in adolescence was positively correlated
with attending college; family income was positively corre-
lated with attending college and negatively correlated with
dropping out. An internalizing diagnosis was associated with
more impairment, and an externalizing diagnosis was asso-
ciated with more impairment and less parent involvement.
There were also some differences between ADHD and LNCG:
Impairment in MTA probands was negatively correlated with
living independently whereas living arrangements were unre-
lated to impairment for LNCG. Attending college was posi-
tively associated with living independently (includes college
housing) for LNCG, but unrelated to living arrangements for
MTA probands. Dropping out of school was associated with
more impairment in MTA probands but was unrelated to im-
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Table 1. Means, Standard Deviations, and Correlations Between Study Variables

pairment for LNCG. For LCNG only, an ADHD or other
externalizing diagnosis was also negatively correlated with
parent support in young adulthood.

Table 2 and Figure 1 show results of the multilevel model
of the developmental progression of impairment from ado-
lescence through the transition out of high school and into
young adulthood. For MTA probands, levels of impairment in-
creased through high school (pre-transition trajectory B=.044,
95% CI = .034 to .054) and afterward, but at a slower rate
(post-transition trajectory B=.025, 95% CI = .011 to .039). In
contrast, impairment levels for LNCG participants were low
and stable through high school (pre-transition trajectory B =
.044 – .048 = .004), and declined afterward (post-transition
trajectory B = .026 – .053 = .028). Following Barkley et al.
(2002), we established a developmentally referenced criterion
(DRC) for clinically significant impairment of +2 SD above
the LNCG mean impairment score in each of the pre- and
post-transition phases. Forty-two percent of MTA probands
exceeded the pre-transition DRC at least once during adoles-
cence, 52% exceeded the post-transition DRC at least once
during young adulthood, and 27% exceeded both pre- and
post-transition DRCs.

As shown in Table 2, parent involvement was associated
with lower overall levels of impairment (B=.130, 95% CI
= .243 to .016), but parent support was not (B=.019, 95%
CI = .060 to .028). There was no main effect of college
attendance on impairment, indicating that people who went on
to college after high school had similar levels of impairment
at the first wave out of high school compared to non-college
attending peers (B=.059, p=.286). Figure 2 shows that college-
attending young adults whose parents were more involved
during adolescence showed the most dramatic improvements
over time, and were the least impaired overall as shown by the
solid black lines for both ADHD and LNCG. However, this
finding was significant only for the LNCG (B=.568, 95% CI

= .925 to .212); it was weaker and non-significant for MTA
probands (B=.075, 95% CI = .293 to .144).

For college-attending young adults with ADHD histories,
impairment trajectories stabilized following the transition out
of high school (B=.032, 95% CI = .053 to .010; see also
Figure 2). This stabilizing trend was unrelated to parents’
level of involvement during adolescence or to parents’ level
of support during young adulthood1. Indeed, pre-transition
impairment trajectories were virtually identical for college-
and non-college bound adolescents with ADHD histories who
had less-involved parents (grey lines in Figure 2), and only
after leaving high school did impairments stabilize for those
who attended college.

Table 2. Multilevel Model Results Predicting Parent-Rated
Impairment Before and After the Transition out of High
School

1Three-way interactions of parent involvement college attendance post-
transition trajectory and parent support college attendance post-transition
trajectory were not significant and trimmed from the final analyses.
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Figure 1. Effect of daily positive affect on the daily probability of weekend heavy drinking across 7 semesters of college. High
and low positive affect are −1 SD and 1 SD around the mean of daily positive affect.

Covariates linked to greater impairment levels were higher
baseline family income (B=.025, SE=.008), and older age
within wave (B=.032, SE=.012). An ADHD diagnosis at a
given assessment was also associated with greater impair-
ment at that wave (B=.421, SE=.030). Adolescents who met
criteria for an internalizing diagnosis at least once before,
but not after, the transition out of high school were slightly
more impaired (B=.092, SE=.026). Those who met criteria
for an internalizing or externalizing diagnosis at least once
before and after the transition out of high school were the
most impaired, especially those with persistent externalizing
comorbidity (B=.210, SE=.059 and B=.417, SE=.045 for inter-
nalizing and externalizing, respectively). Meeting criteria for
an externalizing diagnosis after, but not before, the transition
out of high school also predicted greater impairment (B=.209,
SE=.081).

Sex, ethnicity, dropping out before completing high school,
and post-transition living arrangements were unrelated to im-
pairment. In a supplementary analysis of MTA probands only,
original randomized treatment assignment did not contribute
to impairment. A small effect of use of special education ser-
vices in school (B=.00021, SE=.00006, p ¡ .05), indicated that
participants who received more occasions of special education
services through the end of high school were more impaired
at their first assessment out of high school. Assuming that
services were delivered at a rate of once per day, one year’s
worth of special education services (181 days; U.S. Depart-

ment of Education, National Center for Education Statistics
[NCES], 2013) corresponded to impairment levels that were
.038 units—about 125 of a standard deviation—above average.
Effects of other predictors and covariates corresponded to the
findings from the full sample, except that age within wave
was no longer associated with impairment, Black ethnicity
was associated with greater impairment (B=.162, SE=.062),
and internalizing and externalizing diagnoses were only as-
sociated with greater impairment if a diagnosis was present
during both the pre- and post-transition phases.

Discussion
This study assessed the developmental progression of parent-
rated impairment, for children with ADHD Combined Type
histories compared to non-ADHD peers, from early adoles-
cence through the transition out of high school and into young
adulthood. We tested associations of parent involvement,
support, and college attendance with changes in impairment
before and after the transition out of high school, and whether
parenting was differentially associated with change in im-
pairment for young adults who did and did not attend col-
lege. There were three key findings: (1) On average, the
impairments of adolescents with childhood ADHD increased
through high school and after the transition out of high school
whereas impairments in LNCG adolescents remained low over
time and declined after high school; (2) the post-transition tra-
jectory of impairment stabilized for adolescents with ADHD
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Figure 2. Model-implied trajectories of parent-rated impairment through the transition out of high school for college-versus
non college-attending young adults (attention-deficit/hyperactivity disorder [ADHD] and Local Normative Comparison Group
[LNCG]) with higher versus lower parent involvement (M +/- 1SD in adolescence.

histories who attended college; and (3) involved parenting in
adolescence was negatively associated with impairments over-
all, and especially for those who attended college. Overall,
our findings reveal that ADHD-related impairments persist
beyond the transition out of high school but are related to par-
enting and college attendance. Adolescents (with and without
ADHD histories) who grew up with involved parents, attended
college, and maintained supportive relationships with parents
in young adulthood had the lowest levels of impairment over-
all and over time.

Impairments continue to increase after the transition out
of high school
Previous studies show that children with ADHD continue to
manifest impairments in a variety of domains through adoles-
cence (Sibley et al., 2012b) and into young adulthood (Barkley
et al., 2006), and that impairments in most domains remain
problematic despite symptom reductions (O’Connor, Garner,
Peugh, Simon, & Epstein, in press). This study is the first to
articulate a progression of impairment over time, from early
adolescence through young adulthood. On average, adoles-
cents with ADHD histories became slightly more impaired
through high school, and impairments continued to increase,
but at a slower rate after the transition out of high school.

In contrast, their non-ADHD peers maintained low levels of
impairment through adolescence that declined further after
the transition out of high school. Rates of clinically signifi-
cant impairment based on developmentally referenced criteria
are consistent with longitudinal trends, suggesting that im-
pairments continue, and potentially worsen, for a substantial
number of young people as they make the transition out of
high school. These findings are concerning given the high
personal and economic costs for young adults with ADHD
and their families, such as failure to complete college and sub-
sequent lower earning potential, and early pregnancy (Barkley
et al., 2006; Flory, Molina, Pelham, Gnagy, & Smith, 2006).

However, not all adolescents with ADHD follow a wors-
ening trajectory. Our finding of modest average increases
over time summarizes a great deal of individual variability.
Studies of symptom trajectories of children with ADHD show
that about 25% to 30% exhibit a worsening pattern over time
(Howard et al., 2015; Malone, Van Eck, Flory, Lamis, 2010;
Pingault et al., 2014; Swanson et al., 2007). In the present
study, 27% of MTA probands persisted with clinically signif-
icant impairment before and after the transition out of high
school, and impairments were most severe for the minor-
ity of adolescents with persistent externalizing comorbidity.
Thus, while some adolescents with ADHD histories experi-
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ence worsening impairments over time, others’ impairments
likely stabilize or become less severe. Our remaining research
questions addressed whether college attendance and parent
involvement and support were associated with such stability
or improvement.

College students’ impairment trajectory stabilizes after
the transition out of high school
Impairments in college-attending young adults with ADHD
histories stabilized after the transition out of high school.
There were no differences in impairment at the first wave
out of high school between college-bound adolescents and
their non-college peers, suggesting that this stabilizing pattern
was not exclusively a selection effect of less-impaired people
going to college. Importantly, the trajectory of impairment
for this group changed course at the first wave out of high
school, suggesting that changes occurring around the time of
college enrollment contributed to diminished impairment, in-
dependent of parent involvement and support. Despite greater
impairment relative to non-ADHD peers, it is encouraging
that impairments remained stable. The transition out of high
school and into college can be an opportunity for struggling
adolescents to disengage from the constraints and lack of
flexibility typical of high school (Schulenberg, Bryant, &
O’Malley, 2004a).

However, while college students with ADHD histories
may show some success in managing their newfound inde-
pendence, their impairments are not improving. Indeed, 47%
of young adults with ADHD histories who attended college
exceeded the post-transition DRC threshold for clinically sig-
nificant impairment at least once in young adulthood. Poorer
executive function and low self-regulation in a context where
demands for cognitive skills are high places those with ADHD
histories at a disadvantage (Dvorsky & Langberg, 2014; Flem-
ing & McMahon, 2012). College is a unique developmental
context in which students experience multiple, simultaneous
transitions and assume new levels of independence. Students
form new social groups and leave others behind; they of-
ten move away from home; they encounter a broader range
of academic choices and opportunities, but also navigate a
new set of demands to independently manage their academic
careers. Some students with ADHD may thrive in an envi-
ronment where they are free to select their own classes and
set their own daily schedules. For others, however, college
lacks the benefits of day-to-day involvement from parents and
teachers who regularly check students’ progress and remind
them about deadlines (Eccles, 2004; Maggs, 1997). The con-
current freedoms and responsibilities of college life may be
overwhelming in the absence of a guiding structure.

Parent involvement is linked to reduced impairments
Greater parent involvement was associated with less impair-
ment in adolescence, regardless of ADHD history. Early
involved parenting was associated with a reduction in overall
impairment of about a third of a standard deviation for ado-
lescents with ADHD histories compared to their peers whose

parents were less involved. Less-impaired adolescents may
invite and reinforce parents’ efforts at involvement in their
daily lives, but impairments only began to improve after the
transition out of high school At this time, impairments slowed
for college-bound adolescents with any level of parent in-
volvement, and young adults with more involved parents and
without ADHD histories showed the strongest improvements.
Parent support during young adulthood was not significantly
associated with reduced impairment, and effects of parent
support were similar for those who did and did not attend
college.

Involved parenting in adolescence may contribute more
strongly to reduced impairment because it sets the stage for au-
tonomy and self-regulation in young adulthood. For typically-
developing school-age children and adolescents, support and
encouragement from parents facilitates development of in-
trinsic control over behavior and motivation to achieve (Deci
& Ryan, 2008). However, parent-control behaviors such as
homework surveillance predict poorer classroom behavior
and lower GPAs in school-age children, whereas autonomy-
supportive parenting is correlated with achievement and higher
GPAs (Ginsburg & Bronstein, 1993). Parent support after the
transition out of high school, however, was not related to
impairment in the present study. Our measure may have ag-
gregated adaptive kinds of support such as advice, sympathy,
and guidance to adult children to independently solve their
own problems with maladaptive kinds of support such as hov-
ering and intervening to solve problems on behalf of their
children (see Cullaty, 2011). Overinvolvement from warm
parents has only modest benefits for young adults, but overin-
volvement paired with low warmth predicts lower self-worth
and greater involvement in risk behaviors (Nelson, Padilla-
Walker, & Nielson, in press).

Striking an appropriate balance of warmth, encourage-
ment, control, and autonomy support may be especially chal-
lenging for parents of adolescents with ADHD histories, whose
relationships are characterized by greater conflict compared to
families of non-ADHD peers (Barkley et al., 1991; Walther et
al., 2012). Preliminary results of a treatment program empha-
sizing parent-adolescent collaboration that increased parents’
daily involvement in adolescents’ academic routines had sec-
ondary benefits of improved parent-teen communication and
increased autonomy-granting (Sibley et al., 2014). Adoles-
cents who are raised in families that implement involved,
authoritative parenting strategies may be better positioned to
apply the self-regulation skills needed for success in college.
Overall, levels of impairment in the present study were lowest
for young adults with ADHD histories who attended college
and who had more involved parents during adolescence.

Strengths and limitations
We leveraged long-term follow-up data from a large, multi-
site study of children well-diagnosed with ADHD Combined
Type and an age-matched normative comparison group. An
important strength of the MTA is that it was designed with
broad generalizability in mind, with participants recruited
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from clinic and community settings (Arnold et al., 1997).
However, children with ADHD inattentive subtype were not
recruited into the study. Even though some shifted to this sub-
type with age (Molina et al., 2009), caution is warranted when
generalizing the present findings to the broader population
of children with ADHD. In the interest of generalizability,
children were not excluded for comorbid diagnoses unless
they required treatment in conflict with study treatment (MTA
Cooperative Group, 1999).

A strength and a limitation of the present study was our
parent-rated measure of impairment from late childhood through
the late twenties. We constructed an integrated longitudinal
measure of impairment from distinct adolescent and adult
measures. This novel strategy allowed us to model long-
term trajectories of impairment, but our measure combines
information from two existing scales (the CIS and IRS), so
our findings are not directly comparable to the adult impair-
ment findings of others who used the IRS alone (Sibley et al.,
2012a). Parents’ reports of impairment in adulthood may also
be less accurate for informants who don’t live with their adult
children and lack opportunities to directly observe their behav-
ior. At the same time, young adults tend to under-report symp-
toms and impairment (Sibley et al., 2012a), and self-rated
symptoms are poorer predictors of impairment in multiple do-
mains compared to parent ratings (Barkley et al., 2002), so we
believe that our findings based on parent ratings more closely
resemble the true progression of impairment. However, par-
ent informants were primarily mothers, mixed with father-
and other-guardian informants, and there may be systematic
differences between types of parent informants. A related
concern is that we used parent-rated involvement during ado-
lescence to predict parent-rated impairment. This raises the
possibility of shared method variance: more involved parents
may have a psychological investment in viewing their son or
daughter as less impaired, justifying the time and energy spent
on involvement.

Our impairment measure broadly assessed relational, aca-
demic, behavioral, and some emotional difficulties, and we
cannot draw conclusions about how specific aspects of impair-
ment change over time. A report in preparation will address
more specific outcomes, such as college completion, current
income, emotional lability, police contact, and pregnancy by
age 18. With respect to college students with ADHD histories,
it is concerning that students are less likely to complete their
degrees compared to peers without ADHD, even when ADHD
symptoms desist (Barkley et al., 2006). In the present study,
we examined impairment trajectories of full-time students, but
college attendance may not be associated with impairment in
the same way for part-time students, who are typically less
immersed and engaged in the academic and social contexts
of college that are geared toward traditional-aged, full-time
students (Nelson Laird Cruce, 2009). Understanding the so-
cial and academic impairments in the college context for full-
and part-time students with ADHD histories, and their impact
on students’ college completion, will be an important area for

future study.
We examined the impairment trajectories of students who

attended colleges/universities (four-year) and community col-
leges (two-year), but not of students who attended vocational,
technical, or trade schools. High school academic problems,
achievement test scores, and disciplinary sanctions differenti-
ate students who enroll in four-year compared to two-year and
vocational/technical colleges (Kuriyan et al., 2012), but no
studies have yet examined differences in post-high school out-
comes for students attending different types of post-secondary
institutions, and none have compared student and non-student
outcomes. This is an important avenue for further study con-
sidering that the majority of young adults with ADHD histo-
ries are not in school (Barkley et al., 2006).

Implications
Overall, results of this study suggest that adolescents with
ADHD Combined Type histories and involved parents main-
tain lower levels of impairment as they move toward the tran-
sition out of high school. Regular conversations between
parents and their children about daily activities and friends,
help with homework, and parent participation in children’s
school and extracurricular activities are all important features
of involved parenting that may help to reduce impairments
well beyond the period of such active involvement. However,
the developmental course of impairment stabilizes for young
adults with ADHD histories who go on to college after high
school, regardless of the extent of their parents’ involvement
during adolescence. A successful transition out of high school
and into adulthood is an important developmental goal, and
gaining admission to college is one early achievement of the
transition to adulthood. Results of this study show that it
coincides with a period of stability in impairments.
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