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Abstract

Objective—To perform a 10-year prospective follow-up of a childhood-ascertained (6-12 years),
ethnically and socioeconomically diverse sample of girls with attention-deficit/hyperactivity
disorder (ADHD) (N = 140: Combined type [ADHD-C} n = 93; Inattentive Type [ADHD-I] n =
47) plus a matched comparison group (N = 88). Girls were recruited from schools, mental health
centers, pediatricians, and via advertisements; extensive evaluations confirmed ADHD vs.
comparison status.

Method—Ten-year outcomes (age range 17—24 years; retention rate = 95%) included symptoms
(ADHD, externalizing, internalizing), substance use, eating pathology, self-perceptions, functional
impairment (global, academic, service utilization), self-harm (suicide attempts, self-injury), and
driving behavior.

Results—Participants with childhood-diagnosed ADHD continued to display higher rates of
ADHD and comorbid symptoms, showed more serious impairment (both global and specific), and
had higher rates of suicide attempts and self-injury than the comparison sample, with effect sizes
from medium to very large; yet the groups did not differ significantly in terms of eating pathology,
substance use, or driving behavior. ADHD-C and ADHD-I types rarely differed significantly,
except for suicide attempts and self-injury, which were highly concentrated in ADHD-C. Domains
of externalizing behavior, global impairment, and service utilization, and self-harm (suicide
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attempts and self-injury) survived stringent control of crucial childhood covariates (age,
demographics, comorbidities, 1Q).

Conclusions—Girls with childhood ADHD maintain marked impairment by early adulthood,
spreading from symptoms to risk for serious self-harm. In future research we address the viability
of different diagnostic conceptions of adult ADHD and their linkages with core life impairments.

Keywords

attention-deficit/hyperactivity disorder (ADHD); females; longitudinal; comorbidity; impairment;
suicide; self-injury

When attention-deficit/hyperactivity disorder (ADHD) occurs in girls, it is associated with
major impairments, both in childhood and through mid-adolescence (Biederman et al., 1999,
2006: Hinshaw, 2002; Hinshaw, Owens, Sami, & Fargeon, 2006; Young, Hepinstall,
Sonuga-Barke, Chadwick, & Taylor, 2005; see reviews in Hinshaw & Blachman, 2005, and
Rucklidge, 2010). Yet little is known about symptoms and impairments in adulthood. Prior
research with small female subsamples has revealed continuing problems (e.g., Barkley,
Murphy & Fischer, 2008; Rasmussen & Gillberg, 2000; Weiss & Hechtman, 1993).
Babinski et al. (2011) reported on a subsample of the Pittsburgh Adolescent Longitudinal
Study (34 young women with ADHD and 24 matched comparisons), followed to a mean age
of 20 years. The ADHD group had worse academic and vocational outcomes, more conflicts
with family and friends, and lower self-esteem than the comparison sample, but rates of self-
reported substance use did not differ significantly. In a far larger investigation, Biederman et
al. (2010) described an 11-year follow-up of a sample of girls with ADHD (n=140) and
comparison girls (n=122), ascertained between the ages of 6 and 17. By early adulthood (M
age of 22 years at follow-up) those originally diagnosed with ADHD displayed significantly
higher lifetime prevalence rates than the comparison women across six psychopathology
domains: Mood Disorders, Anxiety Disorders, Antisocial Disorders, Developmental
Disorders, Substance Dependence, and Eating Disorders, with differences surviving
statistical control of baseline rates of these disorders.

The largest additional female sample is the Multimodal Treatment Study of Children with
ADHD, featuring 116 girls among its 579 participants. All had been diagnosed in childhood
with ADHD-Combined type (MTA Cooperative Group, 1999a). Published findings on the
girls include an absence of sex-by-treatment interactions for key outcomes (MTA
Cooperative Group, 1999b; Owens et al., 2003) or a lack of explicit consideration of sex
effects (Molina et al., 2009).

A limitation of much extant prospective research is the limited socioeconomic or ethnic
diversity of most participants. Furthermore, retention rates across childhood through
adulthood have not always been superior (e.g., Biederman et al., 2010; Weiss & Hechtman,
1993). Given the clear need to elucidate the young-adult outcomes of girls and women with
major forms of psychopathology—especially childhood-onset conditions that typically show
large male:female sex disparities, such as autism spectrum disorders, early-onset conduct
problems, and ADHD—our key aim is to understand patterns of symptoms and impairment
over time in a large, diverse, well-characterized, and highly retained sample of girls with
ADHD, ascertained in childhood.

What would constitute outcomes of major importance? Beyond ADHD symptoms,
externalizing behavior patterns, academic underachievement, and substance abuse, all of
which have been elevated in follow-up studies of predominantly male samples (e.g., Barkley
et al., 2008; Mannuzza & Klein, 2000), additional domains—e.g., internalizing symptoms
and self-harmful behavior—may be particularly salient for girls. In a prospective
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investigation of ADHD ascertained during the preschool years, comprising mostly boys
(86%) but with a small female subgroup, Chronis-Tuscano et al. (2010) found that probands
showed higher rates of major depression, suicidal ideation, and suicide attempts than those
in the matched comparison group. Both boys and girls with ADHD showed increased rates
of suicidal behavior, but additional analyses revealed that the small female subsample (N =
18) was at significantly higher risk than the male subsample (N = 107). Comorbid
internalizing and externalizing symptomatology at baseline, as well as maternal depression,
contributed to such risk.

A key unanswered question pertains to the predictive validity of ADHD subtypes—the
Predominantly Inattentive type (ADHD-I) vs. the Combined type (ADHD-C)—over time.
Debate has continued about the distinctiveness of the Inattentive type from forms marked by
hyperactive-impulsive behavior (e.g., Milich, Balantine, & Lynam, 2001). Because of the
potential importance of the Inattentive type for girls (American Psychiatric Association,
2000; Hinshaw & Blachman, 2005), our analyses include differentiation of these ADHD
types in childhood. Chronis-Tuscano et al. (2010) found that depression was predicted
longitudinally by both early inattention and hyperactivity/impulsivity (HI) but suicide
attempts were related largely to HI symptoms (i.e., in ADHD-C and ADHD-HI types but not
the ADHD-I). Our sampling strategy did not include a baseline group of girls with ADHD-
HI), which is rarely found above the preschool years; our contrasts herein pertain to ADHD-
I vs. ADHD-C. Of note, ADHD subtypes tend to fluctuate markedly over time (e.g., Lahey
et al., 2004), making longitudinal predictions to impairment a challenging endeavor. We
predict long-term outcomes from dimensionalized symptom counts of HI vs. Inattentive
behaviors elsewhere (Loya, Guelzow, & Hinshaw, 2012).

Source of information is an important methodological and conceptual issue with regard to
tracking longitudinal outcomes in ADHD samples. Through late adolescence and early
adulthood, at least in largely male samples (Barkley, Fischer, Smallish, & Fletcher, 2002;
Barkley et al., 2008), parent/caregiver report is correlated with youth/young adult self-report
at low levels. Parent report better predicts long-term negative outcomes, presumably because
of the difficulties young adults with ADHD have with reporting accurately on symptoms and
impairment. We therefore feature both self-reported and parent-reported outcomes, as well
as objective indictors of performance when possible (e.g., reading and mathematics scores).

Our overall objective is to understand young-adult outcomes of girls with ADHD,
ascertained during childhood, through a range of clinically interpretable outcomes, with an
explicit attempt to have outcome domains parallel or identical to those from our 5-year
follow-up (Hinshaw et al., 2006) and to target developmentally salient extensions of key
outcomes. Note that, during adolescence, each of the 11 domains of functioning examined
yielded significant ADHD vs. comparison differences (Hinshaw et al., 2006). For our 10-
year, young-adult follow-up, we emphasized the following domains: ADHD-related,
externalizing, and internalizing symptoms; eating pathology (Mikami, Hinshaw, Patterson,
& Lee, 2008); substance use; academic achievement; self-perceptions of competence;
service utilization; self-harm (including the crucial outcomes of suicide attempts and self-
injurious behavior), and driving behavior. Because of space limitations, we discuss
neuropsychological predictors and outcomes elsewhere (Miller, Ho, & Hinshaw, 2012;
Miller, Montenegro-Nevado, & Hinshaw, 2012). Related to persistence of ADHD
symptoms, Faraone, Biederman, and Mick (2006) discuss the thorny issues involved in
appraising adult ADHD status, given the natural diminution of symptoms found in clinical
and normative samples. Given the extensive work needed to provide data on alternative
conceptions of adult diagnostic criteria (e.g., Barkley et al., 2008), we adhere to DSM-1V
criteria herein and present data on alternate thresholds for adult ADHD in forthcoming
research.
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We base our hypotheses on the above-cited literature and on our own previous findings of
(a) major comorbidity and impairment in the present sample during childhood (Hinshaw,
2002; Hinshaw, Carte, Sami, Treuting, & Zupan, 2002) and (b) continuing cross-domain
impairment at our follow-up in early to mid-adolescence (Hinshaw et al., 2006; Hinshaw,
Carte, Fan, Jassy, & Owens, 2007; Mikami et al., 2008; Owens, Hinshaw, & Lee, & Lahey,
2009). First, we predict that despite a continuing decline in reported symptoms of ADHD
over time, particularly in the HI domain (see Hart, Lahey, Loeber, Applegate, & Frick,
1995; Loya et al., 2012), girls with childhood diagnosed ADHD will continue to show
elevations in core symptomatology (ADHD-related, internalizing, and externalizing), young-
adult relevant symptom areas (e.g., eating pathology; see, for example, Biederman et al.,
2010; Mikami et al., 2008); substance use severity (Hinshaw et al., 2006; but see also
Babinski et al., 2011, for opposing findings); several aspects of impairment (service
utilization, academic and global), and crucial outcomes such as self-injurious behavior and
suicide attempts (see Chronis-Tuscano et al., 2010).

Second, as emphasized in reports of our adolescent follow-up (Hinshaw et al., 2006), the
“gender paradox” (see Eme, 1992) posits that the less-prevalent sex with a given disorder
should show greater levels of symptoms, comorbidity, and impairment than the sex with
higher prevalence (see also Hinshaw & Blachman, 2005). We predict that girls with ADHD
will show a notable pattern of continuing problems over time, even though we lack specific
comparisons to male samples.

Third, we predict that some, but not all, domains of continued ADHD-related impairment in
young adulthood will withstand statistical control of important covariates, which include
childhood-appraised demographic, comorbidity-related, and cognitive (e.g., 1Q) variables
(Hinshaw et al., 2006, provide parallel analyses at our 5-year follow-up). We predict that
academic impairment, service utilization, and substance use will be specifically linked to
early ADHD (e.g., Hinshaw, 1992; Molina & Pelham, 2003).

Overview of Procedures

Participants

From the San Francisco Bay Area, we recruited girls, aged 6-12 years, from schools, mental
health centers, pediatric practices, and through direct advertisements to participate in
research summer programs in 1997, 1998, and 1999. These programs were designed as
enrichment rather than therapeutic endeavors, with emphasis on ecologically valid measures.
After extensive diagnostic assessments, 140 girls with ADHD and 88 age- and ethnicity-
matched comparison girls were selected (Hinshaw, 2002). Five years later, we invited all
participants for prospective follow-up (Wave 2; Hinshaw et al., 2006). Subsequently, we
invited all participants and parents for a 10-year follow-up (Wave 3), involving two half-
day, clinic-based assessment sessions. When necessary, we performed telephone interviews
or home visits; some of the latter involved travel to other states or nations to which
participants had moved. To be thorough in documenting impairments and potential
resilience (e.g., Owens et al., 2009), we prioritized multi-domain, multi-source, and multi-
informant data collection.

At Wave 1, preliminary parent and teacher rating-scale criteria were intentionally set with
low, sex-specific thresholds, in order to prevent premature exclusion of potentially eligible
girls. Ultimately, study participation was contingent on meeting full criteria for ADHD via
the parent-administered Diagnostic Interview Schedule for Children, 4t ed. (DISC-1V;
Shaffer et al., 2000). Common comorbidities (oppositional defiant disorder [ODD], conduct
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disorder [CD], anxiety disorders, depression, learning disorders) were allowed. Comparison
girls, screened to match the ADHD sample on age and ethnicity, could not meet diagnostic
criteria for ADHD via either adult ratings or structured interview criteria. Some (3.4%) met
criteria for internalizing disorders (anxiety/depression) or for disruptive behavior disorders
(6.8%); but our goal was not to match comparison participants to those with ADHD on
comorbid conditions (which would have yielded a non-representative comparison group).
Exclusion criteria for both groups were mental retardation, pervasive developmental
disorders, psychosis or overt neurological disorder, lack of English spoken in the home, and
medical problems prohibiting summer camp participation.

For the Wave 1 summer programs, the girls spanned the ages of 6-12 years. The sample was
ethnically diverse (53% White, 27% African-American, 11% Latina, 9% Asian-American);
family income levels ranged from professional parents to receipt of public assistance. The
clinic and summer camp procedures yielded multi-informant, multi-method data on both
symptoms and a wide range of domains of functional impairment (Hinshaw, 2002). For the
current, ten-year follow-up (Wave 3), we made extensive efforts to track all participants,
including those whom we were unable to contact at the adolescent follow-up. Aided by use
of social media in some cases, we located, consented, and obtained at least some data from
216 of the 228 original participants (95%) The age range was 17-24 (M= 19.6; Md = 20).
Although some participants were 16 years of age at the precise 10-year follow-up point, we
waited until age 17 to assess them, in order to use a standard assessment battery for all
participants, reflecting young-adult status. For specific measures, sample sizes were lower,
as highlighted in Results.

To evaluate the representativeness of the retained sample, we contrasted Wave 1 measures
for the 12 participants lost to the Wave 3 follow-up vs. those retained. Of 23 analyses, on
measures ranging from demographics, core ADHD symptoms, comorbid symptoms, and
functional impairments, five were significant: the non-retained subsample had lower family
incomes and Full-Scale 1Q scores and higher Wave 1 teacher-rated ADHD, externalizing,
and internalizing symptoms. Although the Wave 3 sample appears generally representative
of the total sample, the non-retained subgroup was more impaired cognitively and
behaviorally.

Assessment staff were bachelor-degree-level research assistants or graduate students in
clinical psychology, all highly trained and not informed of participants’ Wave 1 diagnostic
status. Whereas responses to interview questions and issues regarding medication status
might suggest ADHD, (a) objective measures were included (e.g., academic testing;
computerized structured interviews), and (b) diagnostic status changed for some girls by
Wave 3 (see Results). Thus, we do not believe that data were biased by any breaking of
blinds.

As noted above, we selected Wave 3 measures to reflect both symptomatic and impairment-
related functioning. Note that 58% of the ADHD-C sample and 44% of the ADHD-1 sample
had received ADHD-related medications for at least some of the time period since the Wave
2 follow-up (vs. 1% of the comparison sample). On rating scales and interviews, caregivers
(referred to as parents because most were mothers or fathers) and young adults were asked
to respond regarding ADHD-related symptoms for periods during which the participant had
not received ADHD medications. On one of the two assessment days (the one on which
neuropsychological testing was performed), participation was stimulant free.

Space permits only brief descriptions of core measures (see Table 1). Except for the
Diagnostic Interview Schedule for Children, which yielded diagnoses at Waves 1, 2, and 3,
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all measures in the next section reflect Wave 3 (outcome) status. As explained in Covariates,
all covariates were measured at Wave 1, with the exception of the previous year’s
medication use.

Symptomatology

Diagnostic I nterview Schedule for Children-4t ed.: Young Adult version. (DI SC-IV-
YA: Shaffer et al., 2000): This is a well-validated, highly-structured diagnostic interview
yielding both categorical diagnoses and symptom counts for the major disorders in the
Diagnostic and Statistical Manual of Mental Disorders, 4" ed. (DSM-1V; American
Psychiatric Association, 2000). It was administered to young adult participants and
separately to parents by trained research staff, who recorded responses instantaneously on
laptop computers. We utilized algorithms to capture disorders present within the past year,
as lifetime diagnoses would be problematic for a longitudinal investigation. Note that the
DISC-1V-YA is designed for individuals between 18 and 25 years of age; it features a
continuation of the ADHD module typically used for children and adolescents and is
therefore the logical developmental extension for our age range. DISC-derived diagnoses
contributed outcome measures in the domains of ADHD, Externalizing (Oppositional
Defiant Disorder, Conduct Disorder) and Internalizing (depression, dysthymia, anxiety
disorders).

Swanson, Nolan, and Pelham Rating Scale-4th ed. (SNAP-1V:; Swanson, 1992): This
parent and young-adult rating scale includes a dimensionalized checklist of the nine DSM-
IV items for inattention, the nine items for HI, and the eight items for ODD, with each
scored on a 0 (“not at all””) to 3 (“very much”) metric. It has been used extensively in ADHD
assessment and treatment research (e.g., MTA Cooperative Group, 1999a).

Adult Behavior Checklist and Adult Self-Report (ABCL and ASR; Achenbach &
Rescorla, 2003): These extensively used scales are parallel versions of the Child Behavior
Checklist, used at our previous waves, providing dimensional symptom measures. ABCL
(completed by parents) and ASR (completed by participants themselves) scales have good to
excellent reliability and validity (Achenbach & Rescorla, 2003). Each constituent item is
rated on a 0 to 2 metric; we utilized Externalizing and Internalizing 7 scores in our analyses.

Self-Reported Delinquency (SRD; Elliot, Huizinga, & Ageton, 1985): This is a widely
used, self-report measure of the frequency and characteristics of overt and covert antisocial
actions. Similar to Elliot et al. (1985), we created a score reflecting the number of different
types of antisocial acts committed, of the 36 possible types from the SRD. This score
indexes the variety of antisocial behavior within the previous 6 months rather than a
frequency count of the number of acts committed. At Wave 2 it correlated moderately (r=".
34 to .41) with key criterion measures (parent- and teacher-reported delinquency).

Beck Depression Inventory-I1 (BDI-11; Beck, Steer, Ball, & Ranieri, 1996): Thisisa
widely used and extensively-validated self-report instrument tapping symptoms of
depression in adults, replacing the Children’s Depression Inventory, which we used at prior
waves. Its psychometric properties are excellent.

Substance Use Questionnaire (SUQ; Moalina & Pelham, 2003): The SUQ is a structured
questionnaire/interview adapted and expanded from existing measures, including the Health
Interview Questionnaire (Jessor, Donovan, & Costa, 1989) and the National Institute on
Drug Abuse’s National Household Survey of Drug Abuse. The SUQ includes both lifetime
exposure questions and quantity/frequency questions. Kappas for 2-week test-retest
reliability for “ever trying” one of five substances averaged .84, ranging from .70
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(cigarettes) to .91 (marijuana). We created a severity score, reflecting the variety of
substances used within the past year and the frequency with which these were used. It shows
moderately large correlations (7= .45 to .53) with substance abuse/dependence symptom
levels from the DISC-IV.

Eating DisordersInventory; Eating Attitudes Test (EDI-2, Garner, 1991; EAT-26,
Garner, Olmstead, Bohr, & Garfinkel, 1982): These are well-validated, self-report
measures of (a) symptoms of eating disorders and (b) features related to eating pathology.
We analyzed total scores from the EAT-26 and the Bulimia, Drive for thinness, and Body
dissatisfaction scales from the EDI-2. The EAT score yields alpha between .8-.9,
discriminating adolescents with anorexia nervosa from comparison youth (Garner &
Garfinkel, 1979). Internal consistencies of EDI-2 scales range from .69-93, with a mean of .
87; test-retest reliabilities range from .77-.97.

Functional Impairment

Columbia Impairment Scale (CIS) (Bird, 1999): Parents rated, on a 0 to 3 metric, the
extent of problems their young adults have across 13 items in the home, peer, and school
domains. We utilized the total score. Bird (1999) reported that this score is internally
consistent (alpha = .89) and reliable across time (r=.68), that it shows convergent validity
with other measures of psychological dysfunction, and that it discriminates clinical from
community participants. It was a primary outcome in the MTA Study (Hinshaw et al., 1997).

Wechdler Individual Achievement Test, Second Version (WIAT-I1; Wechder, 2001):
We administered the Word Reading and Math Reasoning subtests. The WIAT-Il is a
psychometrically sound, widely used test of achievement. Note that some participants were
administered the Basic Reading Test from the original WIAT before we changed forms to
the WIAT-II; this subtest is equivalent to Word Reading from the WIAT-I1I. Established test-
retest reliabilities for the Reading and Math scores on the original WIAT range from .85to .
92 (Wechsler, 1992).

Self-Per ceptions/Well Being: Self-Per ception Profile for Adolescents (Harter, 1988): In
this upward extension of Harter’s extensively-used scale for children, adolescents/young
adults make self-reports of the extent to which they agree or disagree with statements
reflecting perceived competence in several domains. We analyzed the Social Acceptance,
Scholastic Competence, and Global Self-Worth subscales. As reported by Harter (1982),
internal consistencies of these scales ranged from .75 to .84, with test-retest reliabilities
ranging from .69 to .80.

Service Utilization and Educational Attainment: Family Information Profile
(FIP)—Each family completed a comprehensive, year-by-year grid requesting information
on key life events or and demographic information between Wave 2 and Wave 3. We
quantified each participant’s years of education received. Also, regarding service utilization,
we counted (1 vs. 0) the use of special education services at school (e.g., restricted
placement, classroom aides, occupational or speech therapy, on-site mental health services).
For non-school services we counted (1 vs. 0) individual, group, or family therapy in the
community, plus hospitalizations for mental illness. Although changes in family structure or
status might mediate Wave 3 outcomes, we defer their consideration to other papers.

Self Harm

Barkley Suicide Questionnaire (Barkley, 2006): This is a three-item self-report scale:
“have you ever considered suicide?”; “have you ever attempted suicide?”; “have you ever
been hospitalized for an attempt?” A positive endorsement to any question is followed up
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with a frequency question. We analyzed the dichotomous suicide attempts item. In addition,
the family-completed FIP inquired about suicide attempts; there was one case where the FIP
reported an attempt but the Barkley scale did not. We added this individual to the count of
attempted suicide.

Self-1njury Questionnaire (SIQ): We assessed variety and frequency of non-suicidal self-
injury (NSSI) using a modification of Claes, Vandereycken, and Vertommen’s (2001) SIQ.
Vanderlinden and VVendereycken (1997) provide data supporting the validity and reliability
of that measure within eating-disordered samples. Participants were asked whether, in the
past year, they had deliberately injured themselves (e.g., scratched or cut their skin with
objects, burned themselves, hit themselves hard, pulled hair out) and how often (1 = only
once; 6 = a couple of times a day). We created a dichotomous self-injury variable indicating
whether or not a participant had ever injured herself on purpose.

Driving Behavior: Driving Behavior Questionnaire (DBQ): We employed a self-report
version based on Barkley, Murphy, and Kwansik (1996), which assesses illegal driving
behavior and traffic violations (as opposed to driving errors and attentional lapses). Our total
score summed the following dichotomous items: ever driven illegally, had a permit
suspended or revoked, had a license suspended or revoked, involved in an accident, and
received a traffic violation.

Covariates—To ascertain whether young adult symptoms and impairments were related
specifically to the girls’ original ADHD status rather than to confounding factors, we
controlled for key Wave 1 measures. These include, first, participant age, given the 6-7 year
age span across the sample, and demographic information (family income, maternal
education). We also included Full-Scale 1Q from the Wechsler Intelligence Scale for
Children, 3 ed. (Wechsler, 1991). We controlled, as well, for additional mental disorders
(i.e., comorbidities for the girls with ADHD), from the Wave 1 DISC-1V, coded as 1 vs. 0
for the presence vs. absence of (a) ODD or CD, (b) depression/dysthymic disorder or
anxiety disorder (the latter had to include the presence of one or more conditions beyond
specific phobias), and (c) reading disorder, defined as basic reading score < 85. We also
included the presence vs. absence of psychotropic medication use during the year before the
Wave 3 visit (Lahey et al., 2004, followed a parallel procedure).

Data Analytic Plan—All statistical analyses were performed with SPSS for Windows,
Version 19 (SPSS, Inc. 2010). We categorized our Wave 3 outcomes into the following
eleven domains: ADHD Symptoms, Externalizing Symptoms, Internalizing Symptoms,
Substance Use, Eating Disorder Symptoms, Global Impairment, Academic Achievement,
Well Being, Service and Medication Utilization, Self-harm (self-injury, suicide attempts),
and Driving Behavior. See Table 1 for a complete listing of domains and respective
measures in each domain.

We first examined ADHD classification (below threshold, ADHD-I, ADHD-C) across
Waves 1 and3; second, we repeated this analysis across Waves 2 and 3 (see Hinshaw et al.,
2006, for Wave 1 to Wave 2 classifications). For these categorical cross-classifications, the
diagnostic procedures of Hinshaw (2002) to designate ADHD types constituted the Wave 1
diagnoses. At Waves 2 and 3, we performed parallel procedures: each of the 18 DSM-IV
ADHD symptoms was considered present if endorsed on the DISC-1V or if the parent or
young adult rated it as a 2 (“pretty much”) or 3 (“very much”) on the SNAP (at Waves 1 and
2 teacher report was used instead of young adult). Girls with at least six inattentive and six
HI symptoms (with at least four in each domain based on young adult or parent DISC-1V;
Hinshaw et al., 1997) were designated ADHD-C; girls with at least six inattentive (with at
least four based on young adult or parent DISC-1V) but fewer than six HI as ADHD-I; girls
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with at least six HI (with at least four based on young adult or parent DISC-1V) but fewer
than six inattentive as ADHD-HI; and girls with fewer than six inattentive and six HI as
falling below symptom thresholds for ADHD. We prioritized the DISC because of the
greater specificity of questions with respect to time frame (and associated impairment) than
is available from rating scales.

The second set of analyses involved parametric subgroup comparisons. Following a highly
significant multivariate analyses of variance (MANOVA) across all 32 specific outcome
measures, we performed eight MANOVAs, one per each of the eight domains with multiple
measures. (For global impairment, the sole measure was the CIS; for substance use, the
SUQ; for driving behavior, the DBQ). The independent variable was Wave 1 diagnostic
subgroup, comprising three levels: comparison, ADHD-I, and ADHD-C. We then examined
separate outcomes via analyses of variance (ANOVAS) plus Tukey post-hoc comparisons of
each subgroup contrast. Power was high, even for the ADHD-C vs. ADHD-I contrasts, for
which our /7s yielded power between .65 and .80 to detect (2-tailed) a difference of medium
effect size (Faul & Erdfelder, 1992). In Table 1 we display effect sizes (Cohen's d), with the
difference between means as the numerator and the pooled standard deviation as the
denominator (Cohen, 1988), even in cases of non-significant ANOVAs or per-subgroup
contrasts. For categorical variables, we performed univariate analyses via 3 (subgroup) x 2
(present vs. absent) chi-squared tests and decomposing significant findings into a series of 2
x 2 chi-squared tests for subgroup comparisons. Here, effect sizes were calculated as odds
ratios. Even if a MANOVA for a particular domain did not attain significance, we present
univariate tests for heuristic purposes (especially because of the highly significant omnibus
MANOVA).

Finally, we performed multivariate analyses of covariance (MANCOVA) for domains with
significant MANOVA results, controlling for Wave 1 family income, maternal education,
child age, Full Scale 1Q, ODD/CD diagnoses (except when testing externalizing outcomes),
internalizing diagnoses (except when testing internalizing outcomes), reading disorder status
(except when testing achievement outcomes), and the designation of having received
psychotropic medication during the year preceding follow-up (except when testing
medication or service utilization outcomes). We also performed (a) ANCOVAs for each
continuous dependent measure with a significant ANOVA or (b) hierarchical logistic
regressions for each categorical dependent measure with a significant chi-squared test.
Specific covariates employed in each ANCOVA and logistic regression are listed in the
notes of Table 1. The impact of continuing comorbidities at Waves 2 or 3 might serve as an
important additional explanatory factor, but performing such complex analyses would place
us far beyond current page limits.

Please note that our data analytic procedure is parallel to that from the core articles from
Wave 1 (Hinshaw, 2002) and Wave 2 (Hinshaw et al., 2006), emphasizing measure-by-
measure examination to enhance clinical interpretability of outcomes and to preserve
dimensional measures when possible. However, to ensure the validity of analyses, we
examined distributions of the 23 continuous outcome measures. In a majority of instances
(17), underlying distributions were non normal, via visual inspection and skewness statistics
that were two or more times the standard error. In such cases, we applied an inverse
transformation. For the positively skewed variables, we added one to each value (if the
original distribution contained values between 0 and 1), and then took the inverse (1/x). For
the negatively skewed variables, we did the same, except we first multiplied each value by
-1. When we reconducted our analyses with the transformed data, in every case the
significance level of the new analysis was identical to the non-transformed data. As an
additional approach to assure the viability of our analyses, we reconducted analyses for
these 17 non-normally-distributed outcome variables via generalized linear models, as
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suggested by an anonymous reviewer of the manuscript. In these conservative analyses,
every single significance level was unchanged, both with and without inclusion of
covariates. Thus, we present our analyses below (see also Table 1) via raw scores and
MANOVA/ANOVA models. Finally, as a stringent measure, we applied a Bonferroni
correction for our univariate ANOVAs (.05 divided by 5, the largest number of dependent
measures per any domain = .01).

ADHD Status

Table 2 presents the DSM-1V diagnostic status of the participants across time. For contrasts
of Wave 1 to Wave 3 diagnostic status, two participants were missing DISC data at Wave 3,
reducing the overall sample size from 216 to 214. The clear majority of the comparison
group at Wave 1 maintained status as below ADHD symptom criteria at Wave 3 (75/86;
87%); the remainder met symptom criteria (but not necessarily the age-of-onset criterion)
for ADHD. Yet only a minority of girls classified as ADHD-I at Wave 1 maintained this
classification at Wave 3 (16/41; 39%). The remainder were classified as either below official
symptom thresholds (16/41; 39%) or as meeting criteria for ADHD-C (9/41; 22%).
Similarly, under half of those initially classified as ADHD-C maintained this status at Wave
3 (33/85; 39%), with the remainder classified as either below official threshold (38/87;
44%), as ADHD-I (15/87; 17%), or as ADHD-HI (2/87; 2%).

Regarding Wave 2-Wave 3 differences, missing DISC data at Wave 2 compounded sample
loss (complete N = 200). A majority of non-ADHD participants at Wave 2 continued as
below symptom criteria at Wave 3 (94/115; 82%); the remainder met symptom (but not
necessarily age-of-onset) criteria for ADHD. Of those meeting criteria for ADHD-I at Wave
2, 20/47 (43%) kept this classification by Wave 3, with the rest classified as either below
diagnostic threshold (16/47; 34%) or as ADHD-C (11/47; 23%). Finally, of those classified
as ADHD-C at Wave 2, a majority maintained this classification (22/38; 58%), with the rest
classified as either below threshold (10/38; 26%), as ADHD-I (5/38; 13%), or as ADHD-HI
(1/38; 3%).

Domains of Symptomatology and Impairment

The omnibus MANOVA across all 32 dependent variables was highly significant (Fg4 132) =
2.27, p=.000, Pillai’s trace = 1.05). Of the eight domain-specific MANOVAs, seven were
significant (see Table 1); the exception was Eating Disorder Symptoms.

As for the ADHD symptom domain, all four outcomes revealed significant ANOVAs. For
parent and young-adult-rated SNAP Inattention, as well as young-adult-rated SNAP Hl, both
ADHD types had significantly higher scores than did the comparison girls, with medium (or
approaching medium) to extremely large effect sizes, but did not differ from each other. For
parent-rated SNAP HI, a stepwise pattern emerged, whereby comparison participants scored
lowest, followed by ADHD-I and then ADHD-C; these contrasts were all of medium effect
size.

For the Externalizing domain, all measures except the SRD vyielded significant findings. For
ODD/CD diagnoses, both ADHD types had rates of over 40%, far higher than the
comparison rate of 5%. For ABCL (reported by parent), both ADHD types had higher scores
than the comparison group, with strong effects, and the Wave 1-diagnosed ADHD-C group
had higher scores than the Wave 1-diagnosed ADHD-I group, with a nearly medium effect
size. For the ASR, however, both Wave 1-diagnosed ADHD subtypes had higher scores at
Wave 3 than did the comparison group (with medium effect sizes) but did not differ
significantly from each other (effect size nearly zero).
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For Internalizing symptomatology, DISC-IV diagnoses at Wave 3 revealed higher rates of
anxiety diagnoses in the ADHD groups than in the comparison participants (odds ratios of
approximately 4), but the ADHD subtypes did not differ themselves. Similarly, the ABCL
Internalizing scale showed effects of both ADHD subtypes above comparison participants,
with large or nearly large effect sizes, but no differences between the two subtypes. The
ADHD vs. comparison contrasts for DISC-1V depression/dysthymia yielded odds ratios of
approximately 3, but given the Bonferroni correction, the p value of .024 for the ANOVA is
considered non-significant. The self-report measures (ASR, BDI-11) showed no significant
differences.

Regarding Substance Use (one outcome measure, thus no MANOVA), no significant
differences emerged. With respect to Eating Disorder symptoms, unlike Wave 2 (Hinshaw et
al., 2006), no significant findings were found. Yet regarding Global Impairment (one
outcome measure, thus no MANOVA), both the ADHD-C and ADHD-I subgroups showed
significant, large-effect differences from the comparison group but did not differ
significantly themselves.

For Academic Achievement, the ADHD types showed lower scores than the comparison
participants (effect sizes large) on WIAT-II Reading and Math but did not differ from each
other (effect sizes miniscule). The ADHD-C subgroup had significantly fewer years of
education than the comparison group (medium effect); other contrasts were non-significant.

In terms of self-perceived Well Being, although the MANOVA was significant (p=.007)
only Scholastic Self-Perceptions differentiated the groups, with both ADHD types showing
significantly lower scores than comparisons (effect sizes medium) but not differing
themselves.

As for Service Utilization, both ADHD subgroups were much more likely to have received
school-based services since Wave 2 than did the comparison group, with odds ratios
approaching 7, but they did not differ themselves. As for non-school-based mental health
services, a similar pattern emerged but with odds ratios under 3 for the ADHD vs.
comparison differences. Here, the base rate of comparison participants’ service utilization
was over 50%, lowering the odds ratios. Expectedly, girls with childhood (Wave-1) ADHD
diagnoses were far more likely (odds ratios of 62.6 and 111.1) than comparison girls to have
received ADHD medication between Wave 2 and Wave 3; there was no difference between
the ADHD types. Yet no significant differences emerged between girls with and without
childhood ADHD regarding their use of non-stimulant psychotropic medications between
Wave 2 and Wave 3.

In the key domain of Self-harm, for suicide attempts the participants with Wave 1 ADHD-C
had a higher rate (22%) than those with ADHD-I (8%) or the comparisons (6%), who did
not differ significantly. Odds ratios for the ADHD-C vs. (a) ADHD-I and (b) comparison
percentages were 3.5 and 4.5, respectively. Self-injury was significantly more likely (OR =
4.4) in the ADHD-C group (51%) than the comparison group (19%); it was also more likely
in the ADHD-C group compared to the ADHD-I group (29%; OR= 2.5). Thus, self-harmful
behavior predominated in the participants originally diagnosed with ADHD-C.

The sole measure of self-reported driving behavior yielded no significant differences.

Our MANCOVAS/ANCOVAS revealed that significant effects of diagnostic status remained
for four of the seven domains with significant MANOVAs: ADHD symptoms (/g 282 =
5.73, p=.000), Externalizing symptoms (/g 296 = 4.57, p=.000), Service Utilization (fg 374
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=8.46, p=.000), and Self-harm, A4, 346) = 2.65, p=.033). Global impairment, a stand-
alone measure, also showed significant diagnostic status differences after strict controls
were employed (/171 = 3.48, p=.033). For one domain, the effect of diagnostic status was
reduced to marginal significance: Academic (Fg.3g2 = 1.97, p=.069). For Internalizing
symptoms (g, 204 = .81, p=.622) and Well Being (g 354 = .286, p = .943), the effect of
diagnostic status was reduced to non-significance. (We did not perform covariance analyses
for Substance Use and Eating Disorder Symptoms because they did not reveal diagnostic
group differences in our primary analyses.) As for individual measures surviving
ANCOVAs, the most salient were indicators of externalizing behavior, global impairment
(Columbia Impairment Scale), and school service utilization. Single outcomes of reading
achievement, suicide attempts, and self-injury also showed the same pattern (we show these
despite marginally significant MANCOVAS).

Discussion

We prospectively followed a large, diverse, and carefully diagnosed sample of preadolescent
girls with ADHD ten years after their ascertainment, which had occurred at 6-12 years of
age. The overall retention rate was 95% for the young-adult, Wave-3 assessments. We
expand on the findings of Biederman et al. (2010) regarding rates of psychiatric diagnosis in
young adult women with ADHD by including core measures of impairment herein. (1)
Although the comparison group nearly always maintained their non-ADHD status, a
majority of girls with ADHD-I and similar percentages of those with ADHD-C lost (or in
some cases gained) enough symptoms that their young-adult diagnostic subgroup status
changed. (2) Even so, girls with Wave 1 ADHD in childhood had significantly more
symptoms and impairments at the young-adult, Wave-3 follow-up than did the comparison
group across most domains, with effect sizes ranging from medium to very large. (3)
Significant ADHD-C vs. ADHD-I differences at the follow-up were rarely found, with the
important exception of self-injury and suicide attempts, which predominated in the
childhood-diagnosed Combined type. (4) For most domains ADHD-related deficits survived
stringent statistical control of age, Wave 1 demographics and comorbidity, 1Q, and recent
medication status. Overall, our core conclusion is that ADHD in girls portends noteworthy
problems ten years later, at the beginning of adulthood. We note that in alternative analyses,
continuous measures of ADHD-related symptomatology also predict key impairments in
regression-based and structural equation models (Loya et al., 2012).

We elaborate on key findings as concisely as possible in the remaining space. First, as
predicted, ADHD diagnoses (and particularly subtype designations) were not stable over
time. When categorical classifications of ADHD are monitored yearly, as in the careful work
of Lahey et al. (2004), measurement error and “regression to the mean” occur;
classifications may fluctuate as a function of changes in just one or two symptoms. Our
evidence for continued impairment despite the finding that 40% or more of our childhood-
diagnosed girls with ADHD no longer met official diagnostic criteria ten years later places
into sharp relief the most accurate means of classifying adult ADHD (American Psychiatric
Association, 2000; see also Faraone, Biederman, & Mick, 2006). Subsequent analyses will
examine the validity of alternative conceptions of adult ADHD diagnoses, including the
proposed reduction in the DSM-5 threshold to four symptoms per domain and
developmentally-referenced criteria (see Barkley et al., 2008).

Second, our key finding was that childhood-diagnosed girls with ADHD continue to show
greater psychiatric symptomatology across multiple symptom areas (ADHD, externalizing,
certain aspects of internalizing), and larger functional impairments (global, academic,
service utilization rates) than comparison girls. Effect sizes were medium to extremely large,
arguing for clinical as well as statistical significance. The sheer range of negative outcomes
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is noteworthy; the most striking include the high occurrences of suicide attempts and self-
injury in the ADHD sample, confined to the childhood-diagnosed Combined type. Along
with the finding that risk for major depression and dysthymia was also elevated in the
participants with ADHD, our results recall those of the small female subsample of Chronis-
Tuscano et al. (2010): ADHD in girls and women carries a particularly high risk of
internalizing, even self-harmful behavior patterns. Our findings reinforce the contention that
female manifestations of ADHD are particularly severe, with public health implications
(Hinshaw & Blachman, 2005). On the other hand, self-reported depression symptoms (BDI,
ASR) did not significantly differ as a function of diagnostic status, showing the separability
of measures of self-harm from psychiatric diagnoses (see relevant discussion in Selby,
Bender, Gordon, Nock, & Joiner, 2012; Nock, 2012).

Third, parallel to Wave 1 (Hinshaw, 2002; Hinshaw et al., 2002) and the Wave 2, five-year
follow-up, ADHD-C vs. ADHD-I differences were rarely significant and almost always of
small effect size. Yet a clear exception is that suicide attempts and self-injury predominated
in the Combined type compared to the Inattentive type. In all, the distinctiveness of ADHD
subtypes remains a contentious issue (Milich et al., 2001), and our data clearly suggest that
many outcomes for girls with ADHD-C and ADHD-I are highly similar.

Fourth, given the presence of 32 separate outcomes, which we retained in the interest of
clinical interpretability (rather than forming composite scores), we examined informant
effects. The most consistent findings of continued ADHD-related impairment emanated
from parent ratings or objective measures, although self-reports of suicide attempts and self-
injury were, as emphasized throughout, highly salient. It will be important for investigators
of long-term outcome to avoid relying on any single informant.

Fifth, we demonstrated some evidence of specificity of impairment from Wave-1 ADHD
status to young-adult, Wave-3 impairment via our MANCOVAs, which revealed that for
ADHD and externalizing symptoms, global impairment, and service utilization, and self-
harm. Evidence for complete specificity would entail costly recruitment of control groups
matched on Wave 1 comorbidities, which was beyond our intentions and resources. Our
findings recall those of Molina et al. (2009) from the MTA Study, in which control of
baseline variables revealed the importance of demographic and comorbidity-related factors
for long-term adjustment. Furthermore, the stringency of covariates used in the present
report, particularly by including IQ—which we performed in parallel with those of Hinshaw
(2002) and Hinshaw et al. (2006) at earlier waves of data collection—may have engendered
“overcontrol,” in which the covariates may have removed some of the variance contributed
by ADHD per se (see Miller & Chapman, 2001). Our covariance findings are therefore
extremely conservative.

A key question is why, by young adulthood, young women with ADHD would show
markedly high risk for self-harm. The “location” of this finding in the Combined type
suggests that impulse-control problems may be a central factor. We aim to explore
predictors and mediators of the high risk for self-harmful actions in other papers (see
Seymour et al., 2012, for data on the mediating role of emotion regulation in ADHD-
depression linkages). In all, multifinal, heterotypically continuous outcomes in girls with
ADHD over time appear salient.

Yet eating disorder symptoms, which were elevated in our ADHD sample at the adolescent,
Wave 2 follow-up, were no longer significantly different from the comparison group by
adulthood. Examination of mean scores on our four measures of eating disorder symptoms
shows that for all groups on all measures, means rose between adolescence and young
adulthood, but the means for the comparison group rose more than they did for the girls with
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ADHD. Thus, these symptoms among girls with ADHD began earlier but were matched, by
young adulthood, among the non-diagnosed girls. Furthermore, our lack of significant
differences in the Substance Use domain echoes Babinski et al. (2011) but differs from
Biederman et al. (2011). It may be that boys and men with ADHD show a more consistent
pattern of risk for illicit substance use and abuse than females across samples; additional
research is sorely needed.

Study limitations include, first, the non-representative nature of the present ADHD sample.
As explained in Hinshaw (2002), our objective was not to ascertain a representative,
epidemiologically-derived sample at study entry, given our objective of involving a large
female sample in summer research programs that could yield an objective and multi-source
database. The utilization of multiple recruitment sources and the diversity of the sample
suggest that the girls reasonably well reflect the nature of ADHD in the San Francisco Bay
Avrea. In addition, the sample did not include the ADHD-HI type at baseline. This category
is concentrated in preschoolers (Lahey et al., 1994), and we aimed to preserve statistical
power for crucial Inattentive vs. Combined contrasts. Furthermore, our comparison sample
was not selected to match the ADHD sample in terms of rates of co-existing disorders but
was instead intended to represent girls from similar backgrounds yet without ADHD.

Next, our follow-up efforts yielded a high overall retention rate of participants (95%), but
certain measures had more loss of data, and those few participants lost to follow-up were
poorer, less intelligent, and more symptomatic than the retained sample. In the interests of
space, we did not include other outcomes of interest herein, including peer relations and
high-risk sexual behavior (see Flory, Molina, Pelham, Gnagy, & Smith, 2005). Our outcome
measure of suicidal behavior did not specify which particular acts participants attempted.
Finally, the naturalistic nature of our follow-up meant that continued service utilization and
medication use varied widely. Still, statistical control of recent medication use did not
appreciably alter findings.

The overarching conclusion is that ADHD in girls portends continuing problems, through
early adulthood, that are of substantial magnitude across multiple domains of
symptomatology and functional impairment. Even though male vs. female status may not
dramatically alter the course of symptoms and correlates over time (see Monuteaux, Mick,
Faraone, & Biederman, 2010), our findings argue for the clinical impact of ADHD in female
samples, the public health importance of this condition in girls and women, and the need for
ongoing examination of underlying mechanisms, especially regarding the high risk of self-
harm by young adulthood.
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