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Abstract

Background—Attention-deficit/hyperactivity disorder (ADHD) often persists into adulthood, 

but it remains unclear which childhood factors predict future outcome.

Aim—To identify childhood predictors of ADHD outcome using both dimensional and 

categorical approaches.

Methods—116 adolescents and young adults with childhood ADHD were followed up on 

average 6.6 years later. ADHD outcome variables were interview-based parent-reported ADHD 

symptoms and impairment. Childhood predictors included parent- and teacher-rated ADHD 

symptoms and co-occurring behaviours; actigraph measures of activity level; socio-economic 

status (SES); and cognitive measures previously associated with ADHD.

Results—Of the sample, 79% continued to meet clinical criteria of ADHD in adolescence and 

young adulthood. Higher parent-rated ADHD symptoms and movement intensity in childhood, but 

not teacher-rated symptoms, predicted ADHD symptoms at follow up. Co-occurring symptoms of 

oppositional behaviours, anxiety, social and emotional problems were also significant predictors, 

but these effects disappeared after controlling for ADHD symptoms. IQ and SES were significant 
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predictors of both ADHD symptoms and impairment at follow up, but no other cognitive measures 

significantly predicted outcome.

Conclusions—SES and IQ emerge as potential moderators for the prognosis of ADHD. 

Childhood severity of ADHD symptoms, as measured by parent ratings and actigraph movement 

intensity, also predicts later ADHD outcome. These factors should be considered when identifying 

ADHD children at most risk of poor long-term outcomes and for the development of interventions 

to improve prognosis.
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Introduction

Symptoms of attention deficit hyperactivity disorder (ADHD) decline with age (Biederman 

et al., 2000, Faraone et al., 2006), yet many individuals with childhood ADHD continue to 

be affected by the disorder in adolescence and adulthood. Meta-analyses of follow-up 

studies have suggested that the rates of ADHD persistence vary from 15 to 70% (Faraone et 

al., 2006, Langley et al., 2010). One of the explanations for the varying levels of persistence 

reported lies in the criteria used for persistence (Faraone et al., 2006), with some studies 

including only individuals meeting full diagnostic criteria and other studies including also 

individuals in partial remission. The high rates of persistence in some studies could also be 

due to the selection of children with combined-type ADHD, who have high levels of both 

inattentive and hyperactive symptoms (Lara et al., 2009). Identifying the factors in 

childhood that lead to persistence of ADHD and associated impairments in adolescence and 

adulthood is important for early detection and prevention of long term negative outcomes.

Earlier studies found that co-occurring aggression, conduct problems and severity in ADHD 

symptoms in childhood predicted persistence of ADHD into adolescence and adulthood 

(Gittelman et al., 1985, Loney et al., 1981, Taylor et al., 1996). A more recent study 

focusing on a larger cohort of ADHD participants and a wider range of childhood risk 

factors revealed that other psychiatric comorbidities, oppositional defiant disorder, anxiety 

disorder and family factors including maternal psychopathology and psychosocial adversity 

significantly predicted persistence of ADHD in adolescence and adulthood (Biederman et 

al., 2011). Other longitudinal studies have also suggested socio-economic status (SES) as an 

important predictor for persistence of hyperactivity symptoms in children (Loney et al., 

1981) and outcome severity in early adolescence (Molina et al., 2009). However, this 

finding has not always been replicated (Biederman et al., 2009, Hart et al., 1995).

Moving beyond behavioural and family factors, the predictive values of neurocognitive 

functions such as working memory, inhibition and response variability in ADHD persistence 

have been reported in a few studies, although a limited range of cognitive measures and 

short follow-up intervals were used. Initial evidence in children suggests that cognitive 

functions in early childhood may predict future ADHD symptoms or diagnosis a few years 

later (Brocki et al., 2007, Campbell and von Stauffenberg, 2009, Kalff et al., 2002). General 

cognitive ability (IQ) in early childhood predicted later ADHD symptoms measured in 

Cheung et al. Page 2

J Psychiatr Res. Author manuscript; available in PMC 2016 March 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



middle childhood (age 7.5) (Brocki et al., 2007) or in early adolescence (age 14) (Molina et 

al., 2009), but this was not replicated in another follow-up study in adolescence (ages 

12-18), which found childhood IQ and social class to predict conduct disorder outcomes 

rather than ADHD scores or diagnosis (Langley et al., 2010). Overall the findings across 

these studies have been mixed, perhaps reflecting differences in study design, variables 

examined and the definitions of ADHD applied. Furthermore, none of these studies 

examined whether cognitive impairments in children with ADHD predicted future ADHD 

outcome in older adolescents and young adults (van Lieshout et al., 2013). Further studies 

are therefore needed to clarify the predictors of persistence and remission of ADHD.

To address this issue, we have followed a large group of individuals who met DSM-IV 

combined type criteria during childhood. The sample consisted entirely of children with 

combined type ADHD, selected as the inclusion criteria to minimise clinical heterogeneity 

in the sample. At the initial assessment, the children with ADHD demonstrated on average 

impairments in all the cognitive measures assessed, including performance on reaction time 

variability (RTV), go/no-go task commission (CE) and omission (OE) errors, choice 

impulsivity (Kuntsi et al., 2010) and lower IQs (Wood et al., 2011), as well as objectively 

measured actigraph movement intensity and count (Wood et al., 2009). We now aim to 

provide a comprehensive investigation of the predictors of adolescent and young adult 

ADHD outcome, by examining a diverse range of the behavioural, cognitive and family 

factors that we previously assessed in this sample in childhood. Childhood predictors 

include parent and teacher ratings on ADHD symptoms and co-occurring symptoms of 

oppositional behaviours, anxiety, social and emotional problems; actigraph measures of 

activity level; socio-economic status (SES); and cognitive measures of IQ, digit span, RTV, 

CE, OE and choice impulsivity. ADHD outcome is examined both as a continuous measure 

of symptoms and impairment and as a categorical diagnosis of persistence or remittance, to 

account for the arbitrary nature of definitions of persistence when focusing on diagnostic 

criteria.

Methods

Sample

Participants who had taken part in our previous research (UK-London sub-sample of the 

International Multicentre ADHD Genetic (IMAGE) project (Chen et al., 2008, Kuntsi et al., 

2010) were invited to take part in this study. All participants were originally recruited from 

specialist clinics and were of European Caucasian decent, aged 6 to 19 years. The selection 

criteria for the IMAGE project probands was DSM-IV combined type ADHD. Childhood 

ADHD was assessed based on the Parental Account of Childhood symptoms (PACS) (Chen 

et al., 2008, Taylor et al., 1986a, Taylor et al., 1986b), a semi-structured, standardised, 

investigator interview with high inter-rater reliability (Taylor et al., 1986a). Exclusion 

criteria applied at the initial childhood assessment included IQ<70, autism, epilepsy, general 

learning difficulties, brain disorders and any genetic or medical disorder associated with 

externalising behaviours that might mimic ADHD. The investigation was carried out in 

accordance with the latest version of the Declaration of Helsinki. The study design was 

Cheung et al. Page 3

J Psychiatr Res. Author manuscript; available in PMC 2016 March 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



reviewed by an appropriate ethical committee and informed consent of the participants was 

obtained after the nature of the procedures had been fully explained.

Of the 128 eligible families with clinical, behavioural, actigraph and cognitive data in 

childhood, 80 (63%) were re-assessed. Of the 48 families not assessed at follow up, 13 

(27%) declined previous studies and were not re-contacted; 14 (29%) declined the current 

study, 11 (23%) had agreed to participate but did not attend the appointments, 7 (15%) were 

uncontactable at follow up, 2 (4%) moved abroad and 1 (2%) proband was deceased. In 

addition to the 80 families with complete data in childhood, we also assessed 42 families 

who had clinical and IQ data in childhood but not cognitive or actigraph data. In total, we 

therefore assessed 122 families at follow up, 66% with complete data and 34% with only 

clinical and IQ data at childhood. The average length of follow up was 6.62 (± 0.99) years.

Procedure

Initial assessment—Families were invited to the research center for assessments, with a 

parent interview conducted in a separate room from the participants, who completed 

cognitive assessments with simultaneous actigraph measurement (Kuntsi et al., 2010, Wood 

et al., 2009). The children completed four tasks in a fixed order: The Wechsler Intelligence 

Scales for Children (Wechsler, 1991); The Go/No-go task (Borger and van der Meere, 2000, 

Kuntsi et al., 2005); The Fast task (Borger and van der Meere, 2000, Kuntsi et al., 2005); 

and the Maudsley index of childhood delay aversion (Kuntsi et al., 2006a, Paloyelis et al., 

2009). All tasks are discussed in more detail in Kuntsi et al. (2006a). Children were given 

short breaks as required and the total length of the test session, including breaks, was 

approximately 2.5-3 hours. A minimum of a 48-hour medication-free period before testing 

was required.

Follow-up assessment—Participants were re-contacted by telephone and scheduled for 

a follow-up clinical interview and a cognitive-EEG assessment with simultaneous actigraph 

assessment at the same research centre where the initial assessment took place. When sibling 

pairs were tested, the assessments were carried out in separate rooms. The order of tasks was 

fixed. For those prescribed stimulants, a 48-hour ADHD medication-free period was 

required for cognitive and EEG testing. The total length of the test session, including breaks, 

was approximately 4-4.5 hours. Face-to-face or telephone clinical interviews were 

administered to the parent of each ADHD proband shortly before or after the participant’s 

assessment.

Measures

Childhood measures (predictor variables)

ADHD ratings: Inattentive and hyperactive-impulsive symptoms were measured using the 

Long Version of Conners’ Parent Rating Scale (Conners et al., 1998a) and the Long Version 

of Conners’ Teacher Rating Scale (Conners et al., 1998b). On both the parent and teacher 

Conners’ scales, summing the scores on the nine-item hyperactive-impulsive and nine-item 

inattentive DSM-IV symptoms subscales forms a total DSM-IV ADHD symptoms subscale.
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Co-occurring symptoms: Oppositional behaviours, social problems and emotional lability 

were measured using the subscales of the Long Version of Conners’ Parent Rating Scale 

(Conners et al., 1998a) and the Long Version of Conners’ Teacher Rating Scale (Conners et 

al., 1998b). Social communication was measured using the parent-rated Social 

Communication Questionnaire (Rutter et al., 2003).

Actigraph measures of activity level (Wood et al., 2009): The actigraph readings used in 

the current analyses are taken from a laboratory-based test session, when the siblings were 

apart completing a short-form IQ test and several cognitive-experimental tasks, under the 

supervision of separate experimenters who administered standardized instructions. The total 

length of the testing session was approximately 2 hours, excluding a 25-minute unstructured 

break, given approximately halfway through the session.

Four actigraph measures from each participant were used, which we previously showed to 

reliably distinguish between ADHD probands and controls (ROC-AUC= 0.53-0.79) (Wood 

et al., 2009): the cumulative intensity of movements (mean actigraph intensity), number of 

movements (mean actigraph count), variability (individual’s SD in minute-to-minute 

readings) of intensity (intra-individual variability of (IIV) actigraph intensity) and the 

number of movements (IIV actigraph count) from the dominant ankle and the waist.

Socio-economic status (SES): Socio-economic status was measured based on parental 

occupational status (employed or unemployed) and types of occupation based on the parent 

with higher occupational class. The five occupational classes were defined as follows: 1 = 

unemployed or unclassified or not in search of jobs (e.g. housewife/husband, disabled/on 

disability allowance) (n=0); 2 = employed laborer (n=6); 3 = employed in service or sales 

(n=37); 4 = clerical workers (n=18); and 5 employed professionals (n=47).

Wechsler Intelligence Scales for Children, Third Edition (WISC-III) (Wechsler, 1991): 
The vocabulary, similarities, picture completion and block design subtests from the WISC-

III were used to obtain an estimate of the child’s full-scale IQ (FIQ). Verbal (VIQ) and 

performance IQ (PIQ) were also calculated separately. The digit span subtest from the 

WISC-III was administered to obtain digit span forward (verbal short-term memory) and 

digit span backward (verbal working memory) (Wechsler, 1991).

The Go/No-Go task (Borger and van der Meere, 2000, Kuntsi et al., 2005): On each 

trial, one of two possible stimuli appeared for 300ms in the middle of the computer screen. 

The participant was instructed to respond only to the ‘go’ stimuli and to react as quickly as 

possible, but to maintain a high level of accuracy. The proportion of ‘go’ stimuli to ‘no-go’ 

stimuli was 4:1. The participants performed the task under three conditions (slow, fast and 

incentive), matched for length of time on task. Herein we present data from the slow 

condition, which had an inter-stimulus interval (ISI) of 8s and consisting of 72 trials, and the 

fast condition, with an ISI of 1s and consisting of 462 trials. The order of presentation of the 

slow and fast conditions varied randomly across participants. In this study we focus on 

standard deviation of RTs (RTV), commission errors (CE) and omission errors (OE) as these 

variables were most strongly associated with ADHD at initial assessment (Kuntsi et al., 

2010).
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The Fast Task (Andreou et al., 2007, Kuntsi et al., 2006b): The baseline condition 

consists of 72 trials, which followed a standard warned four-choice RT task. Four empty 

circles (warning signals, arranged horizontally) first appeared for 8s, after which one of 

them (the target) was colored in. Participants were asked to press the response key that 

directly corresponded to the position of the target stimulus. Following a response, the stimuli 

disappeared from the screen and a fixed inter-trial interval of 2.5s followed. Speed and 

accuracy were emphasized equally in the task instructions. If the child did not respond 

within 10s, the trial terminated. A comparison condition of 80 trials with a fast event rate 

(1s) and incentives followed the baseline condition (Andreou et al., 2007). The variable 

obtained from the task is RTV, herein reported for the baseline condition only.

A preliminary reliability study in the general population revealed moderate-to-good retest 

reliability for both the Go/No-Go and the Fast Task (Kuntsi et al., 2005). To limit the total 

number of variables and to create psychometrically robust variables based on previous 

analyses on the same sample (Kuntsi et al., 2010), the summed unstandardized scores of 

RTV were obtained across the baseline conditions of the Go/No-Go and the Fast Task. A 

composite measure of CE and OE were obtained by summing the raw CE scores from both 

the slow and the fast conditions of the Go/No-Go task.

The Maudsley Index of Childhood Delay Aversion (Kuntsi et al., 2006a, Paloyelis et al., 
2009): Two conditions, each with 20 trials, were administered. In each trial, the child had a 

choice between a smaller-immediate reward (one point involving a 2-second pre-reward 

delay) and a larger-delayed reward (two points involving a 30-second pre-reward delay). In 

the no post-reward delay condition, choosing the small reward led immediately to the next 

trial, reducing the overall length of the condition. In the post-reward delay condition, 

choosing the small reward led to a delay period of 30 seconds, and choosing the large 

reward led to a delay period of 2 seconds before the next trial. The order of the two 

conditions was randomly chosen for each twin. Choice impulsivity (CI) was calculated here 

as the number of times the smaller-immediate reward was selected in the no post-reward 

delay condition, controlling for total number of trials attempted.

Follow-up measures (response variables)

Diagnostic Interview for ADHD in adults (DIVA; (Kooij and Francken, 2007): This 

structured interview conducted by trained researchers is based on the DSM-IV criteria for 

ADHD (9 items for inattentiveness and 9 items for hyperactivity-impulsivity) and provides a 

list of concrete and realistic examples, for both adult and adolescent behaviour when they 

are off medication. The DIVA was conducted with both the ADHD proband and his/her 

parent separately.

Barkley’s functional impairment scale (BFIS; (Barkley and Murphy, 2006): This 10-

item scale is used to assess the levels of functional impairments commonly associated with 

ADHD symptoms in five areas of their everyday life when participants are off medication: 

family/relationship; work/ education; social interaction; leisure activities and management of 

daily responsibilities. Each item ranged from 0 (never or rarely) to 3 (very often).
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Participants were classified as having persistent ADHD, if they scored a “yes” on ≥ 6 items 

on the DIVA for either inattention or hyperactivity-impulsivity based on parent report, and 

scored ≥ 2 on ≥ 2 areas of impairments on the BFIS, rated by their parent at the follow up 

assessment. Otherwise, they were classified as remitters. ADHD behaviours and 

impairments were reported and rated based on times when participants were not on 

medication.

Statistical analyses

We analysed the predictive values of the childhood variables using two analytic steps. First, 

we ran simple linear regressions to identify the childhood factors (predictor variables) that 

are associated, at follow-up, with (1) ADHD severity, defined as i) a continuous measure of 

ADHD symptoms based on the parent DIVA scores, ii) parent-report on Barkley’s 

functional impairment. Second, we conducted a canonical correlation analysis to determine 

the multivariate relationship between the childhood factors identified in the regression 

analysis and ADHD outcome. As a large sample size is required for the canonical 

correlation analysis, missing data were imputed using Stata version 11.0 (Stata Corporation, 

College Station, TX). We further examined which childhood factors predicted a clinical 

status of ADHD persistence and remittance at follow up using logistic regressions.

No group differences were observed between the younger (age <18.78) and older (age 

>18.78) participants on either ADHD symptoms or impairment at follow-up (Table 1), 

therefore we analysed our data collapsing the two age groups. We used age-regressed 

residuals of the cognitive variables in childhood, and of the DIVA symptom scores at 

follow-up to control for age effects. There was no effect of age on childhood behavioural 

measures (parent or teacher ratings of ADHD and comorbid symptoms) and clinical 

impairment at follow-up (t=0.51, p=0.61) and so for these variables we did not covary for 

age effects. Actigraph scores and DIVA symptoms were skewed and transformed using the 

optimized minimal skew (lnskew0) command in Stata (Stata Corporation, College Station, 

TX). Using Stata, we also controlled for the correlation of the sibling pair data by using the 

‘robust cluster’ command. To aid interpretation, correlation coefficients (r) are presented as 

effect sizes for the regression models (Table 4 and 5), where r > 0.1, r > 0.3 and r > 0.5 are 

considered small, medium and large effects respectively (Cohen, 1988). Cohen’s d effect 

sizes are presented along with means, SDs and test statistics for the group analyses (Table 

6), where 0.2 is considered a small effect, 0.5 considered a medium effect and 0.8 

considered a large effect (Cohen, 1992).

Results

Of the 118 participants with childhood ADHD whom we re-assessed at follow-up, 87 (79%) 

were classified as ADHD persisters as these individuals continued to meet full DSM-IV 

ADHD criteria in adolescence/adulthood. No additional cases are classified as affected 

under revised DSM5 criteria. Among the persistent ADHD group, 60% (n=52) met criteria 

for the DSM-IV combined subtype, 32% (n=28) met criteria for predominantly inattentive 

subtype and 8% (n=7) met criteria for predominantly hyperactivity-impulsivity subtype at 

follow up. Of the 25 remaining participants, 9 did not meet symptom criteria (displayed less 
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than 6 items in either inattention or hyperactivity-impulsivity domains) and were not 

clinically impaired; and 14 displayed five or more items on either the inattention or 

hyperactivity-impulsivity symptom domains, but did not show functional impairment (less 

than two domains). Two individuals, whom met criteria for clinical impairment but not for 

symptoms, were excluded from analyses. Six individuals had missing data on parent-

reported functioning impairment and were excluded from the group analyses, as their 

diagnostic status could not be determined.

The final sample consisted of 116 individuals (10 sibling pairs and 96 singletons). The mean 

age was 11.79 years (S.D. = 2.93, range 6-17) at the baseline assessment and 18.44 (S.D. = 

2.98, range 11-26) at follow up. There were no significant differences between those lost to 

follow up and those who participated in the follow up on baseline age, gender, IQ or ADHD 

symptoms (Table 2), but those who were lost to follow up had significantly lower SES (χ2 = 

10.02; p=0.04). At follow up, the ADHD-persistent, ADHD-remittent and control groups did 

not differ in age (F=2.05, p=0.20), but there were significantly more males in the remitted 

group than the other two groups (χ2 =7.65, p=0.02) (Table 3). As the age range at follow up 

is wide, spanning from late childhood and early adulthood, we additionally split the group 

by median age (18.78 years) and examined the effect of age on ADHD symptoms and 

clinical impairment (Table 3). Almost half (47%) of the participants were under medication 

treatment for ADHD at the time of the follow-up assessment. Those who were on 

medication had significantly higher ADHD symptoms (F=11.34, p<0.01) and exhibited 

more functional impairment (F=5.22, p<0.01) than those who were not on medication at 

follow up. However, medication status did not predict a categorical status of ADHD 

persistence vs remittance (Table 3).

Predictors of ADHD symptoms and impairments

Linear regression was first conducted to determine which childhood variables were 

associated with the total DIVA ADHD symptom scores (Table 4) and ratings of functional 

impairment (Table 5). Parent-rated childhood inattention and hyperactivity-impulsivity 

symptoms, as well as co-occurring symptoms including oppositional behavior, anxiety, 

emotional lability and social problems, were predictive of higher ADHD symptoms and 

impairment at follow up. Teacher-rated ADHD symptoms or co-occurring symptoms in 

childhood did not significantly predict parent interview-based ADHD symptoms at follow 

up. The actigraph measure of mean intensity of movement level in childhood significantly 

predicted both ADHD symptoms and impairment at follow up, while variability of 

movement intensity only significantly predicted ADHD symptoms but not impairment, and 

neither mean nor variability of movement count were significant predictors. Higher IQ 

scores (FIQ, VIQ and PIQ) and higher SES in childhood were each associated with lower 

ADHD symptoms (Table 4), as well as with fewer reports of clinical impairments (Table 5), 

in adolescence/adulthood. None of the other cognitive variables in childhood significantly 

predicted either ADHD symptoms or clinical impairments at follow up (Tables 4 and 5).

Including parent-rated childhood ADHD symptoms (inattention and hyperactivity-

impulsivity total scores) as a covariate in a multiple linear regression eradicated the 

predictive values of all co-occurring clinical symptoms, but not those of SES or FIQ 
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measures (Table S1). The predictive value of actigraph mean activity reduced to a trend 

level (p=0.07). Based on these results, we selected four childhood predictor measures 

(Parent-rated ADHD symptoms, actigraph mean intensity, FIQ and SES) for the second 

stage of the analysis, to explore their relationship with ADHD outcome (DIVA symptoms 

and impairment). A canonical correlation analysis was performed to determine (i) the 

relationship between the combined effects of the four identified childhood predictors of 

interest and ADHD outcome, and (ii) the relative contribution of each of these factors on 

this association.

The two canonical correlations were 0.58 and 0.13, respectively. Only the first canonical 

correlation was interpreted, as it was significant (Wilks’ Λ= 0.66, F= 5.25, p<0.01). The 

canonical correlation of 0.58 indicates that the combined effect of the four selected 

childhood predictor (T1 in Fig. 1) explained 34% (0.582 * 100) of the variance in outcome 

variate (T2 in Fig. 1) ADHD symptoms and impairment. Parent-rated childhood ADHD 

symptoms and IQ made significant contributions to the predictor variate (T1) (t = 5.50, p < 

0.01; t = −2.29, p = 0.02, respectively) while SES and mean actigraph intensity did not (t = 

−1.59, p = 0.12; t = 1.17, p= 0.24, respectively). DIVA ADHD symptoms and clinical 

impairment both contributed significantly to the outcome variate (t = 3.72, p < 0.01; t = 

2.60, p = 0.01, respectively).

Predictors for categorical diagnosis of ADHD persistence

Logistic regression was conducted to examine, which variables in childhood predicted a 

clinical ADHD diagnosis in adolescence/adulthood (Table 6). Inattention symptoms, social 

and emotional problems in childhood significantly differentiated between ADHD persisters 

and remitters at follow up. However, after controlling for childhood ADHD symptoms, 

social and emotional problems were no longer significant predictors. SES was significantly 

higher in remitters than in persisters, even when childhood IQ was controlled for (z = −2.47, 

p = 0.01). None of the cognitive variables measured in childhood, including IQ, significantly 

predicted ADHD diagnostic status in adolescence/adulthood. To illustrate the differences 

between persisters and remitters on these childhood variables, mean standardized scores (z-

scores) are presented for each variable (Figure 2).

Discussion

In this follow-up investigation of 116 participants with childhood DSM-IV combined type 

ADHD, 79% continued to meet clinical criteria of ADHD in adolescence and young 

adulthood. Childhood variables of actigraph movement intensity, full-scale IQ, performance 

IQ and SES predicted greater ADHD symptoms and impairment in adolescence and early 

adulthood. Verbal IQ predicted greater ADHD symptoms, but not clinical impairment. Apart 

from IQ measures, none of the cognitive measures assessed in childhood predicted future 

ADHD symptoms or impairment, despite our test battery measuring cognitive impairments 

that showed strong phenotypic and familial association with ADHD in the same sample in 

cross-sectional analyses at time 1 (in childhood) (Kuntsi et al., 2010). For the categorical 

diagnostic outcome measure, only low SES in childhood significantly predicted the follow-

up group status of persistent ADHD. The remitted ADHD group was small (n=23), however, 
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reflecting the high degree of ADHD persistence observed in this sample. These findings 

were consistent across both younger and older participants.

Our findings raise the possibility of IQ and SES as potential moderators of ADHD outcome, 

as these variables reflect baseline characteristics that predict change in ADHD symptoms 

over development. While some previous studies did not find ADHD persisters to differ from 

remitters on SES (Biederman et al., 2011, Biederman et al., 2010, Halperin et al., 2008, Hart 

et al., 1995), others have either reported higher SES in ADHD remitters than persisters 

(Bedard et al., 2010, Halperin et al., 2008) or have shown a positive association between 

socio-economic advantage and treatment response (Loney et al., 1981, Molina et al., 2009). 

Consistent with these findings, we show that lower SES based on parental occupation alone 

has predictive value in ADHD outcome in adolescence and early adulthood. However, the 

canonical correlation analysis indicated that IQ made a larger contribution to the relationship 

between childhood predictors and ADHD outcome, relative to SES.

The association between childhood IQ and ADHD severity at follow up is consistent with 

previous findings that found IQ to moderate treatment outcomes in ADHD (Handen et al., 

1997, Owens et al., 2003). We extended previous findings to show that both verbal and 

performance domains of IQ predicted future ADHD symptoms, but only performance IQ 

significantly predicted clinical impairment. Overall, the findings raise the possibility that 

individuals with higher IQ, particularly in the performance domain, may develop better 

coping strategies to deal with their ADHD symptoms or be more responsive to treatment. IQ 

did not significantly differentiate between diagnostic status of ADHD-persistent and 

remittent, which likely reflects the insufficient sample size to detect mean group differences 

using a categorical approach. Future replications with larger samples and older age ranges – 

with increased numbers of individuals crossing the threshold for remittance – will be 

important. Clinicians should note that, although high IQ may help ADHD patients cope with 

their disorder, studies of high IQ ADHD youths and adults show that they are nonetheless at 

risk for multiple psychiatric and functional impairments (Antshel et al., 2010, Antshel et al., 

2007).

The severity of childhood ADHD symptoms, as reported by parents, was a strong predictor 

for ADHD outcome at follow up. The stability of ADHD symptoms was also evident from 

objective measures of actigraph measures of activity level, which are not subject to rater bias 

effects. Co-occurring symptoms, such as social and emotional functioning or oppositional 

behaviours rated by parents, also predicted more severe symptoms and impairment at follow 

up. However, the predictive value of these co-occurring symptoms became trivial once 

childhood ADHD symptoms were controlled for, suggesting that the co-occurring problems 

are related to the severity of ADHD symptoms. Teacher ratings of childhood ADHD 

symptoms and co-occurring symptoms did not predict parent interview-based ADHD 

symptoms or diagnosis at follow up. This is in line with the only moderate correlations 

(r=0.30) observed cross-sectionally between parent and teacher ratings of ADHD symptoms 

(Newcorn et al., 1994, Wolraich et al., 2004). The validity of teacher reports in older 

children or adolescents may also be compromised (Merwood et al., 2013, Sibley et al., 

2012).
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Some methodological limitations should be considered. The age range of the participants 

was wide, reflecting a limitation inherent in recruiting a large clinical sample. We controlled 

for the age effects by including age as a covariate for all cognitive and clinical variables, as 

well as conducting additional analyses with a median split in age for younger vs older 

participants. The SES measure used in this study did not take into account parental 

education or income. Future studies should replicate these findings with a more 

comprehensive measure of SES. While our study adds to previous research on predictors of 

ADHD persistence by including multiple domains of impairments that are most sensitive to 

ADHD, the exploratory approach to considering the multiple dependent measures 

emphasizes the need for future replication of the findings. We did not study the effects of 

treatment access, type and duration on ADHD outcome in this study, which should be 

investigated in future studies. The cognitive and actigraph measures had a lower number of 

participants compared to the behavioural and IQ measures, which may have affected the 

power to detect group differences. However, the sample size for these measures was 

moderate and the effect sizes were considered in conjunction with statistical significance. 

Further application and development of more complex models will also be required to test 

the moderating effect of IQ and SES directly in a developmental framework. Finally, the 

exclusive reliance on parent report as outcome measure in adolescence and young adulthood 

is also a potential limitation. However, research to date suggests the use of parent ratings of 

ADHD symptoms as the most reliable source of information compared to self-ratings, in 

both children and adults (Chang et al., 2013, Epstein et al., 2000, Merwood et al., 2013). 

Furthermore, we wished to use the same rater for both baseline and outcomes measures as 

otherwise any observed changes might related to change in the rater (parent to self-report) 

rather than reflecting the developmental change. Further investigations are needed to explore 

in more detail the differences and similarities across parent and self-report of ADHD 

symptoms and impairments in both clinical and research settings.

It should be noted that in the most recent version of the Diagnostic and Statistical Manual 

for ADHD (DSM-V), the diagnostic threshold for adolescents and adults with ADHD (age 

over 17 years) has been lowered, with a requirement of only five instead of six symptoms on 

either the inattention or hyperactivity-impulsivity domains to meet clinical criteria for 

ADHD. In the present study, we used the previous DSM version (DSM-IV) to be consistent 

with the childhood diagnostic criteria.

Taken together, whereas none of the cognitive measures except IQ was associated with 

ADHD outcome in the current sample, we demonstrate the predictive value of childhood 

measures of lower IQ and SES, as well as severity of ADHD symptoms as measured by 

parent ratings and actigraph movement intensity, on later ADHD outcome. In accordance 

with existing evidence from treatment studies, SES and IQ, in particular PIQ, therefore 

emerge as potential moderators for the prognosis of ADHD. The separation between the 

developmental roles of IQ vs other cognitive impairments in ADHD mirrors the etiological 

separation we have previously reported between them (Wood et al., 2010, Wood et al., 

2011). By identifying childhood predictors of later outcome – and separating these from 

factors that do not predict – we can improve the early identification of individuals at greatest 

risk.
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Highlights

• Of those with childhood ADHD, 79% continued to meet DSM criteria for 

ADHD at follow-up.

• Childhood parent-rated ADHD symptoms and movement intensity predicted 

future outcome.

• SES and IQ are potential moderators for the prognosis of ADHD.

• None of the childhood cognitive measures except IQ predicted later ADHD 

severity.
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Figure 1. Standardised coefficients estimating the relative contribution of each variable on the 
canonical variates (T1/T2), where T1 reflects the linear combination of the childhood measures 
and T2 reflects the linear combination of the outcome measures. The relationship between the 
two canonical variates (T1 and T2) is represented by the canonical correlation
Significant paths (p<0.05) are indicated as solid lines and non-significant paths (p≥0.05) are 

indicated as dotted lines.
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Figure 2. Mean standardised scores on childhood predictors for future ADHD outcome 
(persistent vs remittent)
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Table 1
Clinical characteristics between younger (age <18.78) and older (age >18.78) participants

Younger (n=58) Older (n=58) χ 2 p

Persistence /remittance, n (%) 46 (82%)/ 10 (18%) 41 (76%)/ 13 (24%) 0.64 0.42

Males (%) 50 (86%) 51 (88%) 0.08 0.78

DIVA ADHD symptoms (range 0-18) 13.56 (3.65) 12.45 (3.56) 1.84 0.07

Functional impairment (range 0-30) 14.09 (6.58) 14.07 (6.77) −0.01 0.99
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Table 2
Baseline sample characteristics between participants (individuals who were successfully 
reassessed) and non-participants (individuals lost to follow-up)

Participants (n=116) Non-participants (n=50) t / χ p

Mean age (SD) 11.79 (2.93) 11.86 (2.61) 0.11 0.92

Male, n (%) 101 (87%) 46 (92%) 0.77 0.38

Mean parent-rated ADHD symptoms (SD) 81.26 (8.93) 81.28 (9.27) 0.04 0.97

Mean IQ (SD) 102.77 (14.09) 99.31 (17.99) −0.83 0.41
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Table 3
Sample characteristics between ADHD persisters and remitters at follow-up

ADHD remitters (n=23) ADHD persisters (n=87) t / χ p

Mean age (SD) 18.89 (3.06) 18.27 (3.03) 0.87 0.39

Male, n (%) 23 (100%) 72 (83%) 4.59 0.03

Mean ADHD symptoms (SD) 9.71 (4.16) 14.14 (2.83) 4.76 <0.01

Functional impairment (SD) 5.57 (3.64) 16.44 (5.32) 6.73 <0.01

On medication (%) 49 65 1.95 0.16
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Table 4
Predictive values of childhood measures on interview-based ADHD symptoms in 
adolescence and adulthood

r t F df p

ADHD symptoms

Inattention

Parent-rated 0.45 5.32 28.27 1/113 <0.01

Teacher-rated 0.01 0.13 0.02 1/107 0.90

Hyperactivity-Impulsivity

Parent-rated 0.43 4.97 24.72 1/112 <0.01

Teacher-rated 0.08 0.85 0.73 1/107 0.40

Activity level

Mean intensity 0.33 2.82 7.95 1/64 <0.01

Mean count 0.15 1.24 1.53 1/64 0.22

IIV intensity 0.27 2.20 4.85 1/64 0.03

IIV count 0.03 0.24 0.06 1/64 0.81

Co-occurring symptoms

Oppositional behaviours

Parent-rated 0.25 2.74 7.50 1/112 <0.01

Teacher-rated 0.09 0.98 0.95 1/106 0.33

Anxious/shy behaviours

Parent-rated 0.20 2.18 4.74 1/112 0.03

Teacher-rated −0.07 −0.77 0.59 1/107 0.44

Social problems

Parent-rated 0.27 2.99 8.94 1/113 <0.01

Teacher-rated 0.07 0.75 0.56 1/107 0.47

Emotional problems

Parent-rated 0.36 3.52 12.40 1/85 <0.01

Teacher-rated 0.07 0.60 0.36 1/84 0.55

Social communication 0.23 2.53 6.38 1/113 0.01

SES −0.20 −2.12 4.50 1/103 0.04

Cognitive performance

FIQ −0.25 −3.47 12.03 1/101 <0.01

VIQ −0.16 −2.28 5.21 1/99 0.02

PIQ −0.29 −2.70 7.30 1/99 <0.01

Digit span forward −0.13 −1.22 1.49 1/86 0.23

Digit span backward −0.06 −0.55 0.31 1/86 0.58

RTV 0.03 0.22 0.05 1/53 0.83

OE 0.13 1.04 1.08 1/63 0.30

CE −0.07 −0.56 0.32 1/63 0.58

Choice impulsivity 0.15 1.25 1.56 1/65 0.22
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Table 5
Predictive value of childhood measures on parent ratings of functional impairment in 
adolescence/adulthood

r t F df p

ADHD symptoms

Inattention

Parent-rated 0.37 4.28 18.29 1/113 <0.01

Teacher-rated 0.05 0.50 0.25 1/107 0.25

Hyperactivity-Impulsivity

Parent-rated 0.33 3.75 14.03 1/112 <0.01

Teacher-rated 0.16 1.67 2.79 1/107 0.10

Activity level

Mean intensity 0.26 2.17 4.69 1/65 0.03

Mean count 0.22 1.78 3.15 1/65 0.08

IIV intensity 0.21 1.77 3.14 1/65 0.08

IIV count 0.13 1.06 1.11 1/65 0.30

Co-occurring symptoms

Oppositional behaviours

Parent-rated 0.31 3.47 12.05 1/112 <0.01

Teacher-rated 0.05 0.50 0.25 1/106 0.25

Anxious/shy behaviours

Parent-rated 0.24 2.64 6.97 1/112 0.01

Teacher-rated 0.00 0.05 0.00 1/107 0.96

Social problems

Parent-rated 0.32 3.57 12.73 1/113 <0.01

Teacher-rated 0.09 0.88 0.38 1/107 0.78

Emotional problems

Parent-rated 0.33 3.73 13.93 1/112 <0.01

Teacher-rated 0.07 0.76 0.58 1/107 0.45

Social communication 0.15 1.66 2.77 1/113 0.10

SES −0.22 −2.32 5.38 1/103 0.02

Cognitive performance

FIQ −2.65 7.01 1/100 <0.01

VIQ −1.16 1.35 1/98 0.25

PIQ - −4.21 17.73 1/98 <0.01

Digit span forward −0.11 −0.99 0.99 1/85 0.32

Digit span backward −0.11 −0.98 0.96 1/85 0.33

RTV 0.03 0.25 0.06 1/54 0.81

OE −0.03 −0.21 0.04 1/64 0.84

CE −0.07 −0.58 0.34 1/64 0.57

Choice impulsivity 0.15 1.25 1.57 1/66 0.21
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Table 6
Predictive value of childhood measures on ADHD status (persistence vs remittance)

Persistent ADHD (n=87) Mean ± SD Remittent ADHD (n=23) Mean ± SD z p Cohen’s d

ADHD symptoms

Inattention

Parent-rated 17.47 ±7.65 10.39 ±11.24 3.27 <0.01 −0.75

Teacher-rated 7.64 ±11.74 7.04 ±10.06 0.23 0.82 −0.05

Hyperactivity-Impulsivity

Parent-rated 20.07 ±8.32 16.33 ±13.18 1.65 0.10 −0.34

Teacher-rated 9.15 ±14.22 8.84 ±10.25 0.10 0.92 −0.03

Activity level

Mean intensity 1.47 ±0.46 1.30 ±0.42 1.40 0.16 −0.39

Mean count 1.79 ±0.71 1.85 ±0.63 0.37 0.71 −0.09

IIV intensity 1.69 ±0.50 1.44 ±0.65 1.54 0.12 −0.43

IIV count −1.35 ±0.76 −1.34 ±0.70 −0.09 0.93 −0.01

Co-occurring symptoms

Oppositional behaviours

Parent-rated 15.11 ±11.44 10.08 ±13.94 1.79 0.07 −0.39

Teacher-rated 6.01 ±14.17 10.57 ±13.81 −1.40 0.16 0.33

Anxious/shy behaviours

Parent-rated 8.14 ±15.10 3.91 ±14.47 1.24 0.22 −0.29

Teacher-rated 2.94 ±11.74 1.37 ±11.57 0.59 0.56 −0.13

Social problems

Parent-rated 13.96 ±14.47 5.17 ±15.69 2.49 0.01 −0.58

Teacher-rated 4.88 ±12.64 2.29 ±9.80 0.94 0.35 −0.23

Emotional problems

Parent-rated 14.54 ±12.00 8.38 ±15.10 2.05 0.04 −0.45

Teacher-rated 7.12 ±14.87 10.90 ±14.39 −1.11 0.27 0.26

Social communication 3.38 ±6.65 2.46 ±7.45 0.59 0.56 −0.13

SES 3.81 ±1.01 4.41 ±0.88 −2.50 0.01 0.63

Cognitive performance

FIQ 101.41 ±14.04 104.41 ±15.62 −0.99 0.32 0.20

VIQ 21.22 ±5.29 22 ±5.37 −0.65 0.52 0.15

PIQ 19.87 ±4.62 21.30 ±4.70 −1.32 0.19 0.31

Digit span forward 8.23 ±1.93 8.62 ±2.29 −0.40 0.69 0.18

Digit span backward 4.71 ±1.80 5.62 ±2.03 −1.57 0.12 0.47

RTV 585.37 ±451.49 525.74 ±264.67 −0.08 0.94 −0.16

OE 23.99 ±20.66 24.65 ±21.10 −0.61 0.54 0.03

CE 106.21 ±33.20 114.44 ±43.87 −1.46 0.15 0.21

Choice impulsivity 0.30 ±0.33 0.17 ±0.27 1.10 0.27 −0.43
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