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Abstract

To investigate the longitudinal course of cognitive functions in boys with persistent and remittent
ADHD from childhood into young adult years. Males (n=217) 15-31 years with and without ADHD
were assessed at 3 time points over 10 years into young adulthood. Subjects were stratified into
Remittent ADHD, and Persistent ADHD based on the course of ADHD. Cognitive domains included:
1) overall IQ (overall 1Q, block design 1Q, vocabulary 1Q, 2) achievement scores in reading and math
and measures of executive function (Wechsler arithmetic, digit span, digit symbol, Rey-Osterrieth,
Wisconsin Card Sorting Test, and the Stroop Test). Cognitive outcomes were modeled as a function
of group (Controls, Remittent ADHD, and Persistent ADHD), age, group by age interaction, and any
demographic confounders using linear growth-curve models. There were no significant interaction
effects of group by time. Main group effects indicated that persistent and remittent ADHD groups
both had significantly lower scores on all cognitve outcomes compared to Controls and these did not
differ between them. Psychometrically-defined cognitive deficits are relatively stable into young
adult years and appear to be independent of the course of ADHD. More work is needed to help define
the implications of these deficits in individuals with a remitting course of ADHD.
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1. Introduction

An extensive literature documents that children with ADHD have significant cognitive deficits
relative to non-ADHD controls, including lower 1Qs, lower achievement scores in reading and
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mathematics and more impaired scores on tests of executive functions (EFs). Yet the
relationship between ADHD and its cognitive correlates remains unclear.

Certainly, there is extensive empirical support for this range of impairments in ADHD.
Regarding 1Q, significant differences have been documented in large samples of boys
(Biederman et al., 1996) and girls (Biederman et al., 1999) with ADHD when compared with
youth of the same age and sex without the disorder. Likewise, Abikoff and Gittleman have
found significant 1Q differences between ADHD and healthy control subjects (Abikoff and
Gittelman, 1985). Frazier et al. (2004) conducted a meta-analysis of 123 studies and concluded
that overall cognitive ability was significantly lower among persons with ADHD, with a
decrement roughly equivalent to a 9 point difference (0.6 of a standard deviation [SD]) on
standardized tests. Recently, a meta-analysis of studies of adults suggested worse performance
in adults with ADHD than controls on measures of intellectual functioning, albeit with a
decrement of smaller magnitude (0.2 SD) (Bridgett and Walker, 2006).

Likewise the extant literature documents that children with ADHD are at significantly higher
risk to manifest deficits in educational achievements. Faraone et al. (1993) found that learning
disabilities, repeated grades, placement in special classes, and receiving academic tutoring
were more likely in children with ADHD. Further, studies of ADHD have consistently
documented that ADHD is associated with high levels of grade retention, need for tutoring and
placement in special classes (Biederman et al., 1996; Biederman et al., 1999; Barkley et al.,
2006). A recent meta-analysis by Frazier et al. (2007) also found that ADHD was associated
with lower levels of overall achievement when compared with control subjects.

A consistent literature of published studies addressing neuropsychological performance in
children with ADHD has also found a pattern of neuropsychological deficits in the executive
system (Pennington and Ozonoff, 1996; Barkley, 1997; Seidman et al., 1997; Faraone and
Biederman, 1998; Seidman et al., 2000). This literature, which has been recently summarized
by several meta analyses (Hervey et al., 2004; Lijffijt et al., 2005; Martinussen et al., 2005;
Willcutt etal., 2005), showed that individuals with ADHD commonly exhibit deficits in a wide
range of executive functions including sustained attention, inhibition, working memory, verbal
fluency, as well as executive processing speed (Lovejoy et al., 1999; Gallagher and Blader,
2001; Hervey et al., 2004).

Despite the contributions of these studies to the literature on cognitive deficits in ADHD, an
important question remains unanswered: are ADHD-associated neurocognitive impairments
trait or state dependent deficits? Since ADHD remits in a sizeable number of children with
ADHD grown up, one way to address this important issue is to examine the course of
neurocognitive deficits as a function of the course of ADHD in its persistent and remitting
form. Considering the morbidity associated with neurocognitive deficits, knowledge about
their stability in individuals with ADHD with and without persistent form of the disorder would
be beneficial to clinicians dealing with individuals with ADHD for treatment planning.

To date very few studies examined the stability of cognitive functions in general in children
with ADHD, regardless of persistence. Our group recently reported that 1Q and achievement
scores in reading and mathematics are very stable from childhood into young adult years in
boys with ADHD (intraclass correlations: 0.79-0.84). Likewise, Hopkins et al. (1979) found
that boys with hyperactivity continued to display deficits in executive functioning relative to
the control group. Fischer et al. (2005) found that some neuropsychological deficits persisted
into young adulthood in a follow-up sample of boys with ADHD grown up. Consistent with
the notion of persistence of neurocognitive deficits in subjects with ADHD are the findings
documenting cognitive deficits in adults with ADHD.
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The main aim of this study was to assess whether the longitudinal course of neurocognitive
functions in children with ADHD grown up is dependent or independent from the course of
ADHD. To address these issues, we evaluated the longitudinal course of 1Q, achievement
scores in reading and math, and tests of executive functions in a large sample of well-
characterized boys with and without ADHD ascertained from pediatric and psychiatric sources
followed up from childhood into young adult years. Based on the literature documenting that
adults with persistent ADHD have neurocognitive deficits, we hypothesized that deficits in
psychometrically defined cognitive, neuropsychological, and achievement scores in reading
and mathematics would be persistent over time. To the best of our knowledge, this study
represents the most comprehensive evaluation of the longitudinal course of neurocognition in
subjects with ADHD.

2. Methods
2.1. Subjects

Detailed methodological findings have been previously reported (Biederman et al., 1992;
Biederman et al., 1996). Briefly, subjects were derived from a longitudinal case-control family
study of Caucasian boys aged 6-17 years with (N=140) and without (N=120) DSM-III-R
ADHD (Biederman et al., 1992; Biederman et al., 1996) ascertained from pediatric and
psychiatric sources. Potential subjects were excluded if they had been adopted, or if their
nuclear family was not available for study. We also excluded potential subjects if they had
major sensorimotor handicaps (paralysis, deafness, blindness), psychosis, autism, inadequate
command of the English language, or a Full Scale I1Q less than 80. This sample was followed-
up four and ten years after baseline assessment. At the 4-year follow-up 128 ADHD (91%) and
109 control (91%) subjects were retained. At the 10-year follow-up, 112 ADHD (80%) and
105 control (88%) subjects were successfully re-ascertained. Parents and adult offspring
provided written informed consent to participate, and parents provided consent for offspring
under the age of 18 years. Children and adolescents provided written assent to participate. The
human research committee at Massachusetts General Hospital approved this study.

2.2. Assessment procedures

Psychiatric assessments relied on the Schedule for Affective Disorders and Schizophrenia for
School-Aged Children — Epidemiologic Version (K-SADS-E) (Orvaschel, 1985; Orvaschel
and Puig-Antich, 1987) for subjects younger than 18 years of age and the Structured Clinical
Interview for DSM-1V (SCID) (Spitzer et al., 1990) (supplemented with modules from the K-
SADS-E to assess childhood diagnoses) for subjects 18 years of age and older (Orvaschel,
1985; Orvaschel and Puig-Antich, 1987). Because this study had begun prior to the finalization
of DSM-1V, our baseline assessment used DSM-111-R-based structured interviews but we
supplemented these with questions that would allow us to make DSM-1V diagnoses. We
conducted direct interviews with subjects and indirect interviews with their mothers (i.e.,
mothers complete the structured interview about their offspring). We combined data from
direct and indirect interviews by considering a diagnostic criterion positive if it was endorsed
in either interview.

Diagnoses of the subjects were based on independent interviews with the mothers and direct
interviews with the children if they were older than 12 years of age. All assessments were made
by raters who were blind to the youth's diagnosis (ADHD or non-ADHD control) and
ascertainment site. Different interviewers met with mothers and youth in order to maintain
blindness to case-control status and in order to prevent information from one informant
influencing the assessment of the other. We computed kappa coefficients of agreement by
having experienced, board certified child and adult psychiatrists and licensed clinical
psychologists diagnose subjects from audio taped interviews. Based on 500 assessments from
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interviews of children and adults, the median kappa coefficient was 0.98. Kappa coefficients
for individual diagnoses included: ADHD (0.88), conduct disorder (1.0), major depression
(1.0), mania (0.95), separation anxiety (1.0), agoraphobia (1.0), panic (0.95), substance use
disorder (1.0), and tics/Tourette's (0.89).

We considered a disorder positive if diagnostic criteria were unequivocally met. Diagnostic
uncertainties were resolved by a review committee of at least two board-certified child and
adult psychiatrists who were blind to the subject's ascertainment group, the ascertainment site,
all data collected from other family members, and all non-diagnostic data (e.g., SES). We
estimated the reliability of the diagnostic review process by computing kappa coefficients of
agreement between clinician reviewers. For these clinical diagnoses, the median reliability
between individual clinicians and the diagnoses assigned by the review committee was 0.87.
Kappa coefficients for individual diagnoses included: ADHD (1.0), CD (1.0), ODD (0.90),
ASPD (1.0), major depression (1.0), bipolar disorder (0.78), separation anxiety (0.89),
agoraphobia (0.80), panic (0.77), OCD (0.73), GAD (0.90), specific phobia (0.85), PTSD
(0.80), social phobia (0.90), substance use disorder (1.0), and tics/Tourette's (0.68).

2.3. Cognitive assessments

Cognitive testing was performed at each wave of data collection. At the baseline and 4-year
follow-up we used the WISC-R/WAIS-R (Wechsler, 1974; Wechsler, 1981); the 10-year
follow-up assessed 1Q with the comparable WISC-HI/WAIS-I11 (Wechsler, 1991; Wechsler,
1997). Using the methods of Sattler (1988) we estimated verbal 1Q, performance 1Q, and full-
scale 1Q from the vocabulary and block design subtests of the Wechsler scales. To assess
working memory and processing speed we used the arithmetic, digit span, and digit symbol
subtests. At baseline, academic achievement was assessed using the Gilmore Oral Reading test
(Gilmore and Gilmore, 1968) and WRAT-R Arithmetic Subtest (Jastak and Jastak, 1985). At
the 4-year follow-up, the WRAT-R Reading and Arithmetic Subtests (Jastak and Jastak,
1985) were used, and the comparable WRAT-111 (Jastak and Jastak, 1993) was used at the 10-
year follow-up. A reading achievement z-score was created to standardize the Gilmore and
WRAT scales.

In addition, we constructed an aggregate neuropsychological z-score using domains of
neuropsychological functioning thought to be important in ADHD and to be indirect indices
of frontosubcortical brain systems (Biederman et al., 2004). Data on these measures was
available only for the 4-year follow-up and the 10-year follow-up. In addition to the Wechsler
arithmetic, digit span, and digit symbol scaled scores, we included: 1) the Rey-Osterrieth
Complex Figure Copy (Rey, 1941); 2) perseverative and nonperseverative errors t-scores from
the computerized Wisconsin Card Sorting Test (WCST) (Heaton et al., 1993); and 3) color,
word, color-word, and interference t-scores from the Stroop Test (Golden, 1978). All
assessments at follow-up were blind to baseline data collected on the same subjects.

2.4, Statistical analysis

We compared the baseline characteristics of subjects who were and were not assessed at the
10-year follow-up, separately in ADHD and control subjects. We compared ADHD and control
subjects on follow-up demographic factors. Analyses of demographic factors relied on Pearson
chi-squared tests and t-tests for binary and continuous variables, respectively.

ADHD remission was assigned to subjects at the10-year follow-up based on the number of
symptoms that persisted. ADHD that met either full or subthreshold DSM-1V criteria at the
10-year follow-up assessment was considered to be Persistent ADHD. ADHD that did not meet
at least subthreshold criteria for ADHD was considered to be Remittent ADHD. Linear growth
curve models were used to estimate cognitive outcomes as a function of group (Controls,
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Remittent ADHD, and Persistent ADHD), age, group by age interaction, and any demographic
confounders. In the event that the interaction of group and age were statistically significant,
we analyzed the relationship between age and cognitive outcome separately for each of the
three groups. If the interaction of group and age were not statistically significant, we removed
the interaction term from the model and assessed the main effect of group independent of age
and demographic confounds. All analyses were two-tailed with a significance level of 0.05.

As presented elsewhere (Biederman et al., 2006), of the 140 ADHD and 120 control boys
recruited at baseline, 112 (80%) and 105 (88%), respectively, were successfully re-assessed at
the 10-year follow-up. The rate of successful follow-up did not differ between the groups
(Xz(l):2.6, P=0.11). There were no significant differences between those successfully followed
up and those lost to follow-up on age, GAF score, familial intactness, ascertainment source,
or psychiatric outcomes.

Only subjects with a cognitive assessment and a current diagnosis of ADHD at the 10-year
follow-up were used for this analysis. Therefore, comparisons were made between Controls
(N=72), Remittent ADHD (N=33), and Persistent ADHD (N=57). The Persistent ADHD group
was significantly younger than the other groups, and both ADHD groups were more likely to
have been ascertained from the psychiatric source compared to the Controls (Table 1). Thus,
all subsequent statistical analyses corrected for ascertainment source (age was included in all
models a priori).

Lifetime rates of placement in a special class were lowest for the Controls (1.4%), followed
by the Remittent ADHD group (30.3%, P<0.001 vs. Controls), and highest in the Persistent
ADHD group (56.1%, P<0.001 vs. Controls and P=0.02 vs. Remittent ADHD). Lifetime rates
of a repeated grade were higher in the Remittent and Persistent ADHD groups (36.4% and
38.6%, respectively) compared to the Controls (13.9%, P=0.009 vs. Remittent ADHD and
P<0.001 vs. Persistent ADHD). Likewise, lifetime rates of extra tutoring were higher in the
Remittent and Persistent ADHD groups (81.8% and 93.0%, respectively) compared to the
Controls (38.9%, both P<0.001).

Table 2 provides the means and standard deviations for each of the nine cognitive variables by
group and assessment time. Figure 1 depicts fitted lines of linear growth curves of cognitive
outcomes by age for Controls, Remittent ADHD, and Persistent ADHD. Only estimated full
scale 1Q and block design 1Q had a nominal significant interaction effect of group and age
(XZ(Z):6.34, P=0.04 and xz(z):5.99, P=0.05, respectively). This full scale 1Q interaction effect
was accounted for by the relative steeper decline in IQ scores among the Persistent ADHD
subjects over time. The block design IQ interaction was accounted for by the steeper declines
over time in block design 1Q for both ADHD groups compared to the Controls. However, there
were no meaningful differences between the two ADHD groups and both groups significantly
differed from controls on full scale and block design IQ. In contrast, there were no interaction
effects with any other measure of cognition assessed. Main group effects indicated that both
ADHD groups had significantly lower scores on all of the remaining cognitive outcomes
compared to Controls. There were no significant differences between Persistent ADHD and
Remittent ADHD on any of the cognitive outcomes assessed (all P>0.05).

4. Discussion

This 10-year follow-up of boys with and without ADHD grown up found that measures of 1Q,
achievement and executive functions are largely stable from childhood into young adult years.
Results also document the relative independence of neurocognitive function from the course
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of ADHD supporting the hypothesis that cognitive functions in subjects with ADHD represent
a trait component of the disorder. To the best of our knowledge, this is the first study
documenting the relative independence of cognitive deficits in subjects with ADHD from the
course of the disorder.

The findings showing that ADHD boys grown up continue to manifest cognitive deficits are
consistent with an extensive literature documenting that children and adults with ADHD have
significant cognitive deficits including lower 1Qs, lower achievement scores in reading and
mathematics (Frazier et al., 2004; Frazier et al., 2007) and more impaired scores on tests of
executive functions (EFs) than controls without this disorder (Willcutt et al., 2005). Faraone
et al. (1993) found that learning disabilities, repeated grades, placement in special classes, and
receiving academic tutoring were more likely in children with ADHD and studies of
neuropsychological functioning consistently document that individuals with ADHD
commonly exhibit deficits in a wide range of executive functions including sustained attention,
working memory, verbal fluency, as well as executive processing speed (Lovejoy et al.,
1999; Gallagher and Blader, 2001; Hervey et al., 2004; Lijffijt et al., 2005; Martinussen et al.,
2005; Willcutt et al., 2005).

However, while persistence of neurocognitive deficits in persistent cases of ADHD is not
surprising, their persistence in remitting cases is novel. From our own work as well as a recent
meta-analysis of follow-up studies (Faraone et al., 2006) we know that although ADHD is a
persistent disorder in a majority of affected subjects, some cases of ADHD remit over time.
The fact that cognitive deficits can remain in such cases adds to a growing literature indicating
the complexity of the relationship between the behavioral and cognitive features of the disorder.
For example, twin and family studies (Doyle, 2006; Willcutt, 2006) suggest that ADHD
symptoms and executive function impairments share some but not all etiological risk factors.
Itisalso the case that standard pharmacologic treatments for ADHD do not ameliorate cognitive
dysfunction (Biederman et al., 2008). The current data serve to further underscore the
separability of these behavioral and cognitive constructs and highlight the need to develop
more effective ways to intervene in the face of cognitive impairments. For example, there is a
clear need for novel pharmacological agents. Moreover, it would be useful for future studies
to examine whether the timing of behavioral and pharmacologic interventions that produce
symptom remission can improve long-term cognitive outcome in these individuals as well.

Although further work should determine the functional implication of persistent cognitive
deficits in children with a remitting course of ADHD, they may not be minor. The transition
from adolescence to adulthood is fraught with many challenges that stress neurocognitive
functions and may possibly lead to functional deficits. Moreover, our prior work showed that
cognitive deficits predicted compromised educational functioning in childhood and
occupational attainments in adults (Biederman et al., 2004). More work is needed to determine
if such deficits will extend to subjects without persistent ADHD. Irrespective of this
knowledge, the assessment of cognitive functions clearly provides information that cannot be
extracted from assessments of psychopathology.

It is noteworthy that our findings are partly inconsistent with those reported by Fisher et al.
(2005) in a long-term follow-up of boys with ADHD grown up. Although these investigators
found that remittance of ADHD symptoms reduced cognitive deficits, the tests that were found
to improve were proxies of the symptoms of ADHD rather than 1Q or executive function scores.
More work is needed to reconcile these apparent discrepant findings.

The strengths of this report include the well-characterized sample, the reliance on well-
established neuropsychological battery, and the long-term follow-up period of the sample into
young adult years. This is especially important since very few other studies have followed
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children with ADHD into adulthood with longitudinal assessments of their neurocognitive
functions. Also, our sample was ascertained from both pediatric and psychiatric sources
enhancing the generalizability of our findings.

On the other hand, our results should be considered in light of some methodological limitations.
Since the majority of our subjects were Caucasians, our results may not generalize to other
ethnic groups. Because the sample was referred, we do not know if our results will generalize
to children with ADHD in the general population. However, because we sampled from both
psychiatric and pediatric referrals, our results should generalize to a wide range of referred
cases, which are of most interest to clinicians. While our aim was to assess the young adult
outcome of children with ADHD, a small portion of our sample had not yet reached adulthood.
Also of note, the discrepancy between affected and control subjects was generally consistent
with Frazier et al.'s meta-analysis (2004), though greater than differences found in Bridgett
and Walker (2006). Based on data from this latter study, it is possible that sample characteristics
such as comorbidities and learning disabilities have influenced the magnitude of the group
differences. The effect of such moderators (e.qg., learning disabilities) on cognitive deficits was
not addressed in this analysis because of the complexity they would add with regard to
interpretation of findings and because our definition of learning disabilities relied upon 1Q and
achievement scores, which were used as outcome variables. Future research should investigate
the role of such factors on the course of other cognitive deficits. Additionally, the current data
derive from longitudinal family genetic studies of ADHD that excluded probands with 1Q <
80 due to the potential for subjects with low IQ to have a differing genetic etiology for their
disorder and/or cognitive dysfunction. Therefore, we did not assess subjects at the lowest end
of the range. Nonetheless, the overall variability and range of 1Q scores in our sample suggest
that our data are appropriate for the current analyses. Finally, it is noteworthy that our measure
of 1Q was based on only the Vocabulary and Block Design subtests. Correlations between
Vocabulary and Block Design and Verbal and Performance 1Q, respectively are approximately
0.9 (Sattler, 1988). Thus, we felt that these subtests were more conservative and unbiased
approximations of FSIQ than the other available subtests, including Digit Span, Arithmetic,
and Coding, which reflect constructs (e.g., working memory) that are known to be impaired in
ADHD and thought to be linked to the underlying etiology of the disorder.

Despite these considerations, our 10-year follow-up study of boys with ADHD grown up show
that psychometrically-defined cognitive deficits are relatively stable into young adult years
and appear to be independent of the course of ADHD. More work is needed to help define the
implications of these deficits in individuals with a remitting course of ADHD.
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Figure 1C. Vocabulary IQ

Figure 1B. Block Design IQ

Figure 1A. Full Scale IQ
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1Q, neuropsychological, and achievement scores by age in subjects with persistent ADHD,
remittent ADHD, or without ADHD
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