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Abstract
Background: Attention deficit hyperactivity disorder is a heterogeneous disorder, associated with deficits in motivation (e.g.,
delay aversion) and cognition. Methylphenidate is recommended as a first line treatment for attention deficit hyperactivity
disorder symptoms, but little is known about its nonacute effects on motivational and cognitive deficits, particularly in adults
with attention deficit hyperactivity disorder.
Methods: We utilized a prospective, non-randomized, non-blinded, 6-week follow-up design with 42 initially stimulant
medication-naïve adult patients with moderate to severe attention deficit hyperactivity disorder, and 42 age- and parental
education-matched healthy controls. Delay aversion and executive functioning were assessed with 2 questionnaires and 5
performance-based tests.
Results: At baseline, patients and controls differed significantly on performance-based measures (moderate to large effect
sizes), and self-report of delay aversion and executive functioning (very large effect sizes). Treatment with methylphenidate
medication (mean dose 65.54 mg/d, SD = 10.39) was not associated with improvements in performance-based measures of
delay aversion and executive functioning compared to controls, although improvements in self-report executive functioning
and delay aversion were found. Self-reported delay aversion was most consistently associated with ADHD symptomatology
at baseline and after medication.
Conclusion: Methylphenidate treatment does not have an effect on performance-based measures of delay aversion and
executive functioning, but may have significant effects on self-reported delay aversion and executive functioning. The latter
finding should be interpreted cautiously, given the subjective nature of these measures and design limitations. Self-reported
delay aversion is most consistently associated with attention deficit hyperactivity disorder symptomatology.
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Introduction
Attention deficit hyperactivity disorder (ADHD) is a common
neurodevelopmental disorder with a prevalence of around
2.5% in adults (Simon et al., 2009). Recently, dual pathway
(Sonuga-Barke, 2002, 2003), and multiple pathway models
(Sonuga-Barke et al., 2010) of ADHD have been proposed based
on evidence of partially dissociable patterns of deficits in distinct neuropsychological domains in individuals with ADHD
(e.g., Solanto et al., 2001; Sonuga-Barke et al., 2010; Coghill
et al., 2014; Thorell et al., 2016; but see Lambek et al., 2017).
Two domains thought to be particularly important are executive functioning (EF) and delay aversion (DA) (Sonuga-Barke,
2002, 2003).
DA is expressed as a number of different behaviors, theorized
to be motivated by the desire to escape or avoid delay. It is postulated to be rooted in biologically based alterations in reward
mechanisms, which, conditioned over time by the child’s early
experiences, result in delay experiences acquiring negative affective qualities. DA is expressed differently depending on whether
delay can be avoided or not. In situations where delay can be
reduced (i.e., where there is a choice), delay-averse individuals
will tend to choose the more immediate option even if it means
losing reward (Sonuga-Barke, 2002, 2003). Preference for “smaller
sooner” over “larger later” rewards is regarded by many as the
hallmark of DA (Bitsakou et al., 2009) and is supported by recent
meta-analyses (Patros et al., 2016). However, where delay cannot be escaped, other activity and attention-based responses are
required to reduce the perception of time in passing. For instance,
on the Delay Frustration Test, sensitivity to interruption by unexpected and unavoidable periods of delay, where DA is expressed
as an increase in frustration-related responding, was associated
with higher levels of ADHD symptomatology in a nonclinical adult
sample (Bitsakou et al., 2006). The Quick Delay Questionnaire, a
self-report questionnaire concerning DA that includes items
relating to both choice and nonchoice situations, differentiates
between adults with ADHD and healthy controls (Clare et al., 2010)
and to an extent clinical controls (Thorell et al., 2016).
EF deficits have long been associated with ADHD. Robust group
differences between adults with ADHD and controls have been
found in domains such as inhibitory control (Lijffijt et al., 2005;
Mowinckel et al., 2015), working memory (Alderson et al., 2013),
and planning/problem-solving (e.g., Chamberlain et al., 2011;
Tucha et al., 2011). Questionnaires like the BRIEF-A (Roth et al.,
2005) reveal robust self-reported EF deficits in ADHD. However, the
overlap of performance-based tests and self-report assessments
has been found to be nonsignificant (Biederman et al., 2008, 2015).

Cognitive Effects of Pharmacological Treatment
in ADHD
Methylphenidate, a dopamine reuptake inhibitor, is recommended as a first line treatment for adult ADHD (Bushe et al.,
2016). A recent meta-analysis reported positive, small- to
medium-sized effects on response inhibition and working memory (Tamminga et al., 2016); however, evidence came mainly
from acute administration studies. Positive effects of acute
methylphenidate have also been found on adult ADHD planning skills (Chamberlain et al., 2011). Adult studies with active
treatment periods of 1 to at least 10 weeks (Bouffard et al., 2003;
Boonstra et al., 2005; Fallu et al., 2006; Tucha et al., 2006; Ni et al.,
2013, 2016; Bron et al., 2014; Biederman et al., 2015; Skirrow et al.,
2015; Goodman et al., 2017) and a single open-label study of up
to 52 weeks (Ginsberg et al., 2012) have found positive effects on
some aspects of attention; mixed findings with regards to working memory, response inhibition, and planning; and no effects
on spatial span or forward digit span. Of 2 nonacute methylphenidate studies of delay-related behaviors, one adult study found
positive effects of 2 weeks of methylphenidate on delay discounting (Crunelle et al., 2014), whereas no effects of 6 months
of methylphenidate on DA was found in children (Morell and
Expósito, 2017).
We undertook a prospective study to investigate the effect
of 6 weeks of methylphenidate treatment on cognitive and
motivational deficits in adults with ADHD. Our aims were first
to examine whether methylphenidate treatment is associated
with improvements in DA and EF and second, to investigate the
association between these functions and ADHD symptomatology. We hypothesized that (1) at pretreatment, patients would
demonstrate deficits in both DA and EF, and (2) after 6 weeks
of medication adults with ADHD would, compared with controls, show significant improvements in DA and EF; further, that
changes in symptoms would be associated with changes in DA
and EF.

Methods
The project was undertaken in accordance with the Helsinki
Declaration and approved by the Ethical Committee of
the Capital Region Copenhagen (registration: H-15001438).
Informed consent was obtained from all participants.
Participants were compensated with a gift card/payment of
€100 per testing day.
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Methylphenidate is effective at treating the symptoms of adults with ADHD. Acute studies have found that methylphenidate
also has positive, significant effects on cognitive functioning. Here we demonstrated that adult ADHD was associated with both
self-reported and objective measures of executive control and delay aversion. Furthermore, 6 weeks of methylphenidate treatment in adults was associated with improvements in both executive functioning and motivation, but these were limited only to
subjective self-report and not found with objective tasks. Given the lack of blinding of treatment exposure, the association with
subjective reports may be limited to changed perceptions rather than actual cognitive improvements.
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Participants

Healthy Controls
Controls were recruited from the internet site http://www.forsoegsperson.dk/ and matched at the group level on age, gender,
and parental educational level. Exclusion criteria were: neurological, psychiatric, or neurodevelopmental diagnosis ever
(mild/moderate depression/anxiety were not exclusion criteria); treatment with psychotropic drugs in the last 4 weeks, or
with MAO-inhibitors in the last 2 weeks; treatment at any time
with ADHD medication; substance abuse daily during the last
3 months and/or ongoing substance abuse; head injury ever
with >5 minutes loss of consciousness; pregnancy; and redgreen color-blindness. A total of 42 controls with a full baseline
dataset were recruited, 38 of whom also completed follow-up
testing. Controls undertook the same assessment as patients.

Design
The study was a prospective, nonrandomized, nonblinded,
6-week follow-up study; a placebo arm for patients was not
included. A healthy control group was included at both assessment points in an attempt to control for retest effects. Patients’
medication commenced as soon as possible after baseline testing; assessments of the participants were carried out on average
6.7 weeks (SD = 1.0) apart.
Medication Procedure
All patients were treated with a tool compound, methylphenidate, according to their clinical need (i.e., with individual

titration). Treatment was initiated at a dose of 18 mg/d and
increased in increments of 18 mg/d at 1-week intervals (minimum) until an optimal dose was reached with regards to
ADHD symptoms and any side-effects. Judgement of medication effects and monitoring of side-effects were undertaken
in weekly telephone consultations by the project psychiatrist
(J.L.S.). A clinical appointment was undertaken 3 weeks after
baseline, including a physical examination. A number of 37 of 38
patients were treated with Concerta, an extended-release tablet
for once-a-day oral administration of methylphenidate. A stable
“end-point” dosage was taken for at least 2 weeks before follow-up testing. Because of high sensitivity to methylphenidate,
one patient was treated with the shorter duration methylphenidate, Medikenet CR. Final dosages of methylphenidate were 36
to 108 mg/d (M = 65.54 mg, SD = 10.39). All patients had positive
tests for plasma methylphenidate at follow-up, showing medication compliance. Controls did not receive medication.
Test Procedure
All neuropsychological assessments were undertaken by a
licensed specialist in neuropsychology (A.M.L.) or by master’slevel students who received training and supervision from this
specialist. After baseline testing, 3 patients were excluded, each
for differing reasons, despite having valid baseline data (i.e.,
complex case requirements; uncorrected hearing loss preventing EEG investigations in a parallel part of the project; suspected
allergic reaction to methylphenidate), and 1 dropped out, such
that 38 of the 42 patients (90.5%) tested at baseline had followup data available for analysis.

Measures
Psychopathology
Psychopathology was assessed using 4 measures. The MINI 5.0
(Sheehan et al., 1998) is a short, structured interview for psychiatric disorders. The Clinical Global Impression scale (Guy, 1976)
is a clinician rated, 7-point scale for assessment of ADHD illness
severity. The ASRS (Kessler et al., 2005) is an 18-item, self-report
screening scale of adult ADHD DSM-IV criterion A symptoms.
Lastly, the AISRS (Spencer et al., 2010) is a semistructured
interview scale with 18 items corresponding directly to the 18
DSM-IV symptoms of ADHD. Each of the 2 project clinicians
rated the clinical interviews and rating scales independently,
and consensus ratings were subsequently reached. In cases of
disagreement, a third rater (last author J.R.M.J.) was consulted.

Neurocognition
Performance-Based Tests
The Delay Frustration Test (DeFT) is a test of delay frustration
in the form of a computerized, simple mathematics test. During
the test, unpredictable and unsignalled delay periods occur,
either of 3 to 10 seconds duration on 8 “distractor trials” or 20
seconds on 8 “delay trials.” Delay frustration is indexed as the
mean total duration (MTD) of responding per second of delay on
the delay trials and is the product of the average response frequency (i.e., number of responses per second) and the average
duration of each response (i.e., total time of response per second). A novel measure was also calculated: the inter-response
SD in each delay trial (DEFT-SD), measured in milliseconds.
The Digit Span sub-test (Wechsler, 2008) was used to assess
auditory-verbal working memory. This is a composite score consisting of digit span forward, backward, and sequencing. Lastly,
3 tests from the Cambridge Neuropsychological Test Automated
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ADHD Patients
Stimulant medication-naïve adult patients with a primary diagnosis of disturbance of activity and attention (F90.0) or attention
deficit disorder without hyperactivity (F98.8) according to ICD-10
criteria (World Health Organization, 1992) were recruited from
the Adult ADHD Clinic at the Copenhagen University Hospital,
Glostrup. Diagnosis at the ADHD clinic was undertaken in
accordance with clinical guidelines (Sundhedsstyrelsen, 2015)
and based on in-depth clinical interviews, including the DIVA
2.0 (Pettersson et al., 2015) interview with the patient, and wherever possible, a significant other; BRIEF-A questionnaire (Roth
et al., 2005); the WHO Adult ADHD Self-Report Scale (ASRS)
(Kessler et al., 2005); and additional testing (e.g., intelligence
tests) as required. Inclusion criteria for all participants were age
18 to 45 years, legally competent, fluent in Danish, and fulfilled
DSM-5 criteria of ADHD (ensured by checking patients’ journal
information, particularly DIVA 2.0 responses and clinical history). Exclusion criteria were: primary neurological or psychiatric
diagnosis other than ADHD; confirmed diagnosis of other neurodevelopmental disorder including dyslexia; earlier diagnosis of
severe depression; current suicidal tendencies; treatment with
psychotropic drugs in the last 4 weeks, or with MAO-inhibitors in
the last 2 weeks; treatment at any time with ADHD medication;
substance abuse daily during the last 3 months and/or ongoing substance abuse; head injury ever with >5 minutes loss of
consciousness; pregnancy; red-green color-blindness; need for
“complex treatment”; and physical disease relevant for medication (e.g., cardiac disease). Absence of other primary psychiatric
diagnoses was confirmed after completion of diagnostic screening interview, the Mini International Neuropsychiatric Interview
5.0 (MINI) (Sheehan et al., 1998). ADHD symptomatology was
assessed with the ADHD Investigator Symptom Rating Scale
(AISRS) (Spencer et al., 2010) and the ASRS (Kessler et al., 2005).

999

1000

|

International Journal of Neuropsychopharmacology, 2018

Questionnaires
The Quick Delay Questionnaire (QDQ) (Clare et al., 2010) is a
10-item questionnaire intended to tap 2 dimensions of delayrelated behavior, each with 5-item scales: DA and delay discounting. BRIEF-A (Roth et al., 2005) is a 75-item self-report
questionnaire concerning adults’ views of their EF in their everyday environment. It consists of 9 subscales; here, the Working
Memory, Inhibit, and Plan/ Organize subscales are reported, as
these can be considered the equivalent of the EFs we investigated with performance-based measures.

Statistical Analyses
Data were analyzed with SPSS version 22. In case of missing data
in the QDQ questionnaire (2 participants with ADHD and 2 healthy
controls each missed 1 item), a score based on the rounded mean
of the remaining scores for that subscale was imputed. All data
were checked for skewness, normality, and outliers. Nonnormally
distributed data were transformed (logarithmically or square root)
to meet assumptions of normality and homogeneity of variance.
Chi-square tests were used to assess differences between the
patient and the control groups with regards to gender and parental education. Independent samples t tests were used to assess
differences with regards to age, IQ, and ADHD symptomatology.
Differences between the patient and the control groups at baseline with regards to neurocognition were analyzed by a MANOVA
for questionnaires and performance-based assessments separately. In the case of a significant result, posthoc independent
samples t tests were undertaken. Effect sizes were computed
using Cohen’s d (d = M1 – M2/SDpooled). Differences in changes
after treatment with medication between the patient and control groups were analyzed by a repeated-measures MANOVA for
questionnaires and performance-based assessments separately.
In the case of a significant finding, 2-way mixed ANOVAs were
undertaken, with group as between-subjects factor and time as
within-subjects factor, and effect sizes computed by partial eta
squared (ηp2). Further, within-group differences between baseline
and follow-up performance were assessed by paired samples t
tests. Spearman’s rho was used for correlational analyses. All significance tests were conducted 2-tailed. Between-group analyses
were re-run with estimated IQ as a covariate; any changes in significance as a result of these analyses are reported.

Results
Participant Characteristics
There were no significant differences between the patient and
control groups on parental educational level, age, or gender.

However, the ADHD group had significantly lower estimated IQ
and, as expected, significantly higher levels of ADHD symptomatology on both self-report and clinician-rated rating scales. On
average, the patients were rated as having moderate to severe
ADHD symptomatology on the Clinical Global Impression scale.
A total of 47.6% of the patient group screened positive on the
clinical interview (MINI) as having at least one comorbid psychiatric disorder (most commonly any anxiety disorder, N = 18,
33.3%). See Table 1 for an overview of sample characteristics.

Cognitive and Motivational Deficits Prior to
Treatment
PA multivariate ANOVA showed a significant effect of group
for both self-report measures (V = .837, F(5,77) = 79.046, P < .0005)
and performance-based tests (V = .344, F(9,74) = 4.311, P < .0005).
Patients reported greater levels of DA and EF difficulties on all
questionnaire measures, with very large effect sizes (QDQ DA
t(82) = 10.186, P < .0005; delay discounting t(82) = 9.201, P < .0005;
BRIEF-A inhibit scale t(81) = 12.486, P < .0005; BRIEF-A working
memory scale t(81) = 16.740, P < .0005; and BRIEF-A planning/
organization scale t(81) = 15.372, P < .0005; see Table 2 for details).
Individuals with ADHD also demonstrated significant deficits on tests of cognitive functioning, with the exception of the
standard measure of delay frustration (DeFT-MTD: t(82) = -1.397,
P = .166) and the mean initial thinking time on the SOC (SOCMIT: t(82) = 1.437, P = .155). Deficits were of large effect sizes for
SWM total errors and digit span (SWM-TE t(82) = 4.533, P < .0005;
digit span t(82) = 5.022, P < .0005). They were of moderate to large
effect size for false alarms on the RVP, SWM strategy, and SOC
number of problems solved (RVP-FA: t(82) = 2.688, P = .009; SWMstrat: t(82) = 3.415, P = .001; SOC-PS t(82) = 2.468, P = .016) and
of small to moderate sizes for the novel measure of the DeFT
(DEFT-SD: t(82) = 2.016, P = .047). Finally, mean moves to solve
5-move problems on the SOC just missed significance (SOC-MM
t(82) = 1.983, P = .051).
When analyses were re-run with IQ as a covariate, significance levels for differences between the groups were reduced
and just missed significance for SWM-strat (P = .053) and became
clearly insignificant for DEFT-SD, RVP-FA, SOC-PS, and SOC-MM
(P > .19).

Exploratory Associations Between ADHD
Symptomatology and Neurocognition
At baseline, in the patient group, 10 of 56 correlations between
neurocognitive measures and ADHD symptomatology were significant, all in the small to medium ranges. The QDQ subscales
were significantly associated with all ADHD symptomatology ratings (6 of 8 correlations), while only 1 of 12 correlations
between BRIEF-A subscales and ADHD symptomatology was
significant. Of the performance-based measures, 3 of 36 correlations with ADHD symptomatology were significant. See Table 3
for details.

Changes in Cognition After Methylphenidate
Treatment
Repeated-measures MANOVA showed a significant group by
time interaction for self-report measures (V = .242, F(1,73) = 23.294,
P < .0005) but not for performance-based tests (V = .009, F(1,74) = .669,
P = .416). Thus, 2-way mixed ANOVAs were undertaken only for
the questionnaire measures. Significant interactions were seen
for all questionnaire measures (QDQ DA F(1,74) = 10.854, P = .002
and QDQ delay discounting F(1,74) = 6.937, P = .010; BRIEF-A inhibit
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Battery (Sahakian and Owen, 1992) were used. The Rapid Visual
Processing task (RVP) is designed primarily to assess sustained
attention capacity; here, we report the number of “False Alarms”
(RVP-FA) as a measure of response inhibition (Fan et al., 2014;
Chamari et al., 2016). Stockings of Cambridge (SOC) assesses
spatial planning. Here, 3 parameters are reported: number of
problems solved in the specified minimum number of moves
(SOC-PS); the mean number of moves taken on the most difficult
(5-move) problems; and mean initial thinking time on the most
difficult problems (SOC-MIT). The spatial working memory task
(SWM) (Robbins et al., 1994) is based on a self-ordered search
task. Here, 2 parameters are reported; strategy utilization, the
number of search sequences starting with a novel box in the difficult problems (SWM-strat); and the total errors committed in
the course of the test (SWM-TE).
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Table 1. Demographic and Clinical Characteristics of Adults With ADHD and Control Participants at Baseline
Controls
(n = 42)

P

26.9 (7.38)
16 (34.0%)
1.93 (.52)
6.7 (1.0)
92.1 (13.1)
51.7 (9.5)
38.6 (7.6)
4.62 (0.69)

26.7 (5.6)
18 (42.9%)
1.90 (.53)
6.7 (0.8)
103.6 (10.88)
21.0 (9.0)
7.5 (5.2)
1.14 (0.42)

n.s.
n.s.
n.s.
n.s.
<.0005
<.0005
<.0005
<.0005

22 (52.4%)
20 (47.6%)
14 (33.3%)

41 (97.6%)
1 (2.4%)
0 (0.0%)

-

Abbreviations: ASRS, Adult ADHD Self-Report Scale; AISRS, Adult ADHD Investigator Symptom Rating Scale; MINI,The Mini International Neuropsychiatric Interview;
-, no statistical analysis undertaken.

Parental education was rated on a scale of 1 to 3 for the parent with the highest education, 1 indicates higher education.
The most common psychiatric disorders were: any anxiety disorder, n = 18; suicidality, n = 8 (no current suicidal ideation); dissocial personality
disorder, n = 8; depression, n = 4. One control participant screened positive for depression.
a
One missing data point.
b
Range of estimated IQ at baseline for patients was 68 to 123; only 1 patient had an estimated IQ <70.
c
The scale was used as an additional measure after commencement of the study, and there are missing data points for the first participants
(baseline, n = 9; follow-up, n = 4).

F(1,74) = 14.192, P < .0005; BRIEF-A working memory F(1,74) = 15.011,
P < .0005; and BRIEF-A planning and organization F(1,74) = 16.888,
P < .0005). See Table 2 for details.
Posthoc within-group analyses indicated that, compared
with baseline, patients at follow-up reported significantly
fewer difficulties on all questionnaire measures (all P < .0005).
On cognitive tests, they improved significantly on SWM-TE
(t(37) = 3.046, P < .004), digit span (t(37) = 2.159, P = .037), and
SOC-PS (t(37) = 2.058, P = .047). Changes just missed significance
for SWM-strat (t(37) = 1.804, P = .052) and were insignificant for
RVP-FA, DEFT-SD, DEFT-MTD, SOC-MIT, and SOC-MM (all P > .10).
Associations Between Changes in ADHD Symptomatology and
Neurocognition
Ratings of ADHD symptomatology decreased significantly after
methylphenidate treatment in the patient group compared with
the control group (all P < .004; see Table 2). Correlational analyses were undertaken between changes in ADHD symptomatology scores and the neurocognitive measures that had shown
a significant change when controlling for retest effects in the
patient group. Changes in QDQ scales showed significant, moderate correlations (all rs .434 to .663) with changes in all ADHD
symptom scales/subscales. Of the BRIEF-A subscales, Working
Memory and Planning/Organization together showed 3 significant associations with a symptomatology measure (self-rated
ADHD symptoms and clinician rated inattention symptoms; rs .
365 to .450). See Table 4 for details.

Discussion
The primary purpose of this study was to investigate whether
DA and EF improved after 6 weeks of methylphenidate treatment in a sample of initially stimulant medication-naïve adults
with ADHD. When controlling for retest effects, we found no
significant improvements in the ADHD group on any performance-based test of DA or EF; in contrast, patients reported

significant improvements in DA and EF as assessed with selfreport questionnaires.
Performance-Based Measures
The lack of improvement on performance-based measures is initially surprising, given significant, positive effects of methylphenidate on response inhibition, working memory, and planning/
problem-solving in adults with ADHD reported in recent metaanalyses/reviews (Chamberlain et al., 2011; Tamminga et al.,
2016). However, these mainly include acute studies, whereas
the findings of prospective studies investigating the effect of
at least 1 week of methylphenidate treatment in these cognitive functions in adults with ADHD are mixed. This could stem
from a number of methodological differences, such as whether
patients were initially stimulant medication-naïve, final average dosage of medication, titration schedule, degree and type
of comorbidity, and which measures were utilized to measure
(the same) neurocognitive function. Of note, a study that utilized
the same measure of response inhibition as this study (RVP-FA)
did not find significant effects of methylphenidate (Ni et al.,
2013); studies that utilized other measures have found a positive effect. Thus, for this particular measure, test insensitivity
for (small) treatment effects may have been a factor.
Possibly the most important explanatory factor of previous
mixed results is the extent to which retest effects were controlled for. Thus, for working memory and planning, 3 previous
studies have reported significant, positive effects but were all
uncontrolled (Fallu et al., 2006; Ginsberg et al., 2012; Ni et al.,
2013). Controlled children’s studies have found mixed effects
of methylphenidate treatment for these functions (e.g., Coghill
et al., 2007; Cristiana et al., 2017; Kortekaas-Rijlaarsdam et al.,
2017; Morell and Expósito, 2017). Two randomized control trial
(RCT) studies indicate positive, significant effects of methylphenidate for measures of response inhibition (Bouffard et al.,
2003; Boonstra et al., 2005), but these and 2 additional studies (Ni
et al., 2013; Bron et al., 2014) also report nonsignificant findings.
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Ages, y (SD)
No. (%) female
Parental education (1–3) (SD)a
Inter-session interval, weeks (SD)
Estimated IQ (SD)b
ADHD symptomatology
ASRS (SD)a
AISRS (SD)c
Clinical Global Impression scale (SD)
No. (%) psychiatric comorbidities (MINI)
0
≥1
≥2

Patients
(n = 42)
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Table 2. Cognitive Functioning of Adults With ADHD and Control Participants at Baseline and Follow-Up

Baseline
Patients M
(SD)

Controls M
(SD)

QDQ DA
QDQ DDis
BRIEF-A – inhib
BRIEF-A – WM
BRIEF-A – plan
DEFT - MTD (ms)
DEFT - SD (ms)
RVP - FA
SWM strategy
SWM total error
Digit span
SOC – MIT
SOC – PS
SOC – MM
ASRS
AISRS

3.34 (.76)
3.39 (.77)
17.71(3.62)
19.56 (3.03)
22.12 (3.02)
105 (145)
2083 (1616)
2.69 (3.09)
30.64 (5.67)
20.52 (17.00)
23.00 (3.69)
7849 (6037)
9.12 (1.70)
6.38 (1.28)
51.7 (9.5)
38.6 (7.6)

1.88 (.53)
2.05 (.53)
9.74 (1.83)
10.19 (1.97)
12.57 (2.63)
147 (194)
1460 (1049)
1.31 (1.24)
26.38 (5.77)
7.71 (7.89)
27.12 (3.83)
9843 (6664)
10.02 (1.66)
5.87 (1.01)
21.0 (9.0)
7.5 (5.2)

D
2.23***
2.03***
2.78***
3.67***
3.37***
.46 *
.59 **
.74 *
.97***
1.09***
.53 *
-

3.32***
4.78***

Patients M
(SD)

Controls M
(SD)

d

2.54 (.75)
2.69 (.72)
14.18 (3.70)
15.42 (4.09)
17.66 (4.30)
74 (103)
2148 (1593)
1.66 (1.85)
28.03 (6.29)
13.61 (14.92)
24.47 (4.37)
9476 (8986)
9.76 (1.73)
6.11 (1.25)
32.9 (12.4)
18.3 (9.3)

1.59 (.50)
1.82 (.60)
8.89 (1.27)
9.32 (1.34)
11.18 (1.20)
226 (332)
1408 (1347)
0.87 (1.19)
23.82 (5.25)
4.79 (6.48)
28.74 (4.55)
9945 (5375)
10.74 (1.45)
5.61 (0.94)
16.3 (9.6)
4.70 (4.9)

1.49***
1.31***
1.91***
2.00***
2.05***
- .61*
.50 *
.51 *
.73 **
.77***
.96***
.61 **
.45 *
1.50***
1.83***

ηp2
.128**
.086*
.157*
.115*
.185***
.334***
.130**

Abbreviations: AISRS, Adult ADHD Investigator Symptom Rating Scale; ASRS, Adult ADHD Self-Report Scale; d, Cohen’s d; DEFT, Delay Frustration Test; DaV, Delay
Aversion; DDis, Delay Discounting; inhib, inhibit subscale; MTD, Mean Total duration of pressing per second of delay; ηp2, partial eta squared; plan, planning/organization subscale; QDQ, Quick Delay Questionnaire; RVP-FA, no. of false alarms; SWM strategy, number of search sequences starting with a novel box in the difficult problems; SWM-total error, total number of errors committed; SOC-MIT, mean initial thinking time on 5-move tasks; SOC-PS; problems solved in the specified minimum
number of moves; SOC-MM, mean number of moves to solve 5-move tasks; WM, Working Memory subscale.

* P < .05 ** P < .01 *** P < .001.

Lastly, our findings regarding the performance-based test of
delay frustration are novel for an adult population but in line
with one randomized, open controlled child study (Morell and
Expósito, 2017).
The present study included a healthy control group, but
interpretation of our null findings with respect to performancebased measures should be considered in light of a number of
methodological weaknesses. Our sample was relatively small,
thus increasing likelihood of a type I error, and one-half of the
patients screened positive for a secondary diagnosis other than
ADHD (most commonly an affective disorder). However, dominating psychiatric comorbidities (e.g., substance use disorders,
severe depression) known to affect cognitive functioning were
exclusion criteria in this study. Few prospective studies have
investigated the impact of comorbid affective disorders on the
effect of methylphenidate treatment on neurocognition, but
comorbid depression may not impact methylphenidate effects
(Riordan et al., 1999). Further, we investigated a relatively narrow range of neurocognitive functions with only 1 or 2 tests
of each. A broader battery of tests for specific neurocognitive
functions and/or investigating a wider range of functions may
have increased sensitivity to any effect of methylphenidate.
Alternatively, the stability of these specific neurocognitive
deficits, in conjunction with reduced ADHD symptomatology
with medication, may be an indication of state independence
(Gottesman and Gould, 2003; Braff et al., 2007), which could support previous evidence of cognitive biomarkers or endophenotypes in ADHD (Pironti et al., 2014).

inhibition, and planning/organization extend previous findings of
changes in self-reported EF after stimulant medication treatment,
where retest effects were not controlled for (Biederman et al.,
2015). While our use of a healthy control group allows some control for retest effects, a full RCT design would have allowed control
of potential placebo effects and offered some degree of “structural
equivalence” between our groups (Kabisch et al., 2011). This in turn
would have allowed stronger conclusions concerning the effect
of treatment on self-report measures, which may be more prone
to reporter effects that performance-based measures (SonugaBarke et al., 2008). However, a previous RCT found a positive, significant effect of methylphenidate on the General Executive Index
score from the BRIEF-A (Goodman et al., 2017). This supports the
hypothesis that changes in self-reported neurocognition associated with methylphenidate treatment are not solely the result of
nonoptimal methodology.
The difference in findings according to type of assessment,
notwithstanding the limitations of our design, is potentially
interesting. It is now fairly well accepted that there is little overlap between performance-based and self-report measures of
cognition (Biederman et al., 2008; Toplak et al., 2013; Fuermaier
et al., 2015). While performance-based tasks are generally
described as more objective and self-report as more ecologically valid (e.g., Roth et al., 2005), this dissociation may reflect
that measures assess different underlying mental constructs
and provide important and nonredundant information (Toplak
et al., 2013). This has been argued to be the case especially for
DA (Thorell et al., 2016).

Self-Report Measures
There are to our knowledge no former studies of changes in
self-reported DA after stimulant treatment. Our findings of
medium- or large-sized effects for self-reported working memory,

Group Difference in EF and DA at Baseline
Pretreatment, stimulant medication-naïve ADHD patients
reported very large, significant impairments in DA behaviors,
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Measure

Group x session
interaction

Follow-up

working memory, response inhibition, and planning. They also
performed significantly worse on all performance-based tests
of these domains, generally with moderate to large effect sizes.
We failed, however, to find a significant between-group difference on the original measure of our performance-based test of
DA (DEFT-MTD). Nonetheless, clinically it appeared that at least
some of our patients responded to the unsignaled delay periods
of the Delay Frustration Test to a greater extent than controls
(e.g., with heightened levels of expressed frustration and physical activity). These types of responses have been hypothesized
to result from underlying DA (Sonuga-Barke, 1994, 2005), which
may reflect an attempt to attentionally disengage from the delay
situation (Scime and Norvilitis, 2006; Cheyne et al., 2009). We
aimed to index this possible disengagement with a novel measure, the SD of inter-response interval (DEFT-SD), and found significant group differences, which is the first time this has been
demonstrated in an adult clinical sample.
Some of the specific neurocognitive deficits observed at
baseline (i.e., response inhibition, strategy formation, planning,
and DA) may have been partly mediated through lower IQ. There
is disagreement as to whether studies of cognition in ADHD
should control for IQ (e.g., Bridgett and Walker, 2006; Dennis
et al., 2009). Our sample of patients had a mean estimated IQ of
92.1 (SD = 13.1), lower than could be expected from a meta-analysis indicating an average decrement of 3 IQ points in adults
with ADHD (Bridgett and Walker, 2006). This may partly reflect
that we did not have exclusion criteria related to IQ and may
lend weight to the argument that results should be presented
with and without controlling for IQ (Bridgett and Walker, 2006)
in this particular study.

Association Between Neurocognition and ADHD
Symptomatology

* P < .05 ** P < .01 *** P < .001.

ASIRS
inn
ASIRS
hyp

AISRS

Abbreviation: hyp, hyperactive; inn, inattentive; rs., correlation coefficient. For other abbreviations, please refer to Tables 1 and 2. Shading indicates significant correlations. n differs due to missing data for ASRS and AISRS as
described in Table 1; BRIEF-A is missing for 1 participant.

-.182
41
.026
37
.054
37
-.025
37
-.135
41
-.438**
37
-.437**
37
-.222
37
.026
41
-.216
37
-.284
37
-.110
37
.001
41
-.019
37
-.056
37
.036
37
-.037
41
.320
37
.323
37
.177
37
.197
41
.132
37
.134
37
-.004
37
ASRS

rs.
n
rs.
n
rs.
n
rs.
n

.365*
41
.386*
37
.192
37
.434**
37

.264
41
.460**
37
.341*
37
.368*
37

.090
40
.215
36
-.163
36
.450**
36

-.027
40
-.024
36
-.002
36
-.006
36

.117
40
-.002
36
.199
36
-.197
36

.150
41
-.060
37
-.076
37
.030
37

-.134
41
.095
37
.101
37
-.012
37

.119
41
.281
37
.334*
37
.089
37

SOC- PS
Digit span
SWM-TE
SWM-strat
RVP-Fa
DEFT-SD
DEFT-MTD
QDQ-av

QDQ-dis

BRIEF inhib

BRIEFWM

BRIEFPO

Cognitive and motivational measures

ADHD
Symptomatology

Table 3. Correlations Between Cognitive and Motivational Measures and ADHD Symptomatology at Baseline for Patients

1003

Very few significant associations between performance-based
neurocognitive measures and ADHD symptoms in patients at
baseline were observed, even in exploratory analyses. These
findings are in line with the few studies of stimulant medication-naïve individuals with ADHD that report these associations
(e.g., Boonstra et al., 2005; Coghill et al., 2007; Bron et al., 2014).
Further, these studies and the present study report a relative
lack of association between changes in cognition and ADHD
symptomatology after methylphenidate treatment. Together,
these findings suggest a weak relationship between cognition
and ADHD symptomatology. In particular, while methylphenidate clearly reduces severity of ADHD symptoms, it improves
neurocognitive deficits to a lesser extent (e.g., Coghill et al.,
2014). A possible explanation for these findings could again be
that at least some cognitive functions are demonstrating state
independence. Alternatively, it may be that differential doseresponse relationships exist for cognition and ADHD symptoms,
respectively (Hale et al., 2011).
Exploratory analyses between self-report measures and
ADHD symptomatology (both self-report and clinician-rated)
showed a number of significant associations, most consistently
with delay-related behaviors. This was the case both at baseline
and with regards to changes after methylphenidate treatment.
In contrast, very few associations between self-reported EF and
ADHD symptomatology were significant. Pretreatment findings
are in line with previous studies (Biederman et al., 2008, 2015).
However, Biederman and colleagues (Biederman et al., 2008) also
reported that improvements in self-reported EFs closely tracked
improvement for ADHD symptoms after 6 weeks of treatment
(formal associations between these variables were not reported).
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Table 4. Correlations in the Patient Group Between Changes in ADHD Symptoms and Changes in QDQ and BRIEF-A Subscales
Self-report measures

ADHD
symptomatology
∆ ASRS

∆ ASIRSInn
∆ ASIRShyp

∆ BRIEF-A WM

∆ BRIEF-A PO

∆ QDQ dis

∆ QDQav

.298
36
.282
32
.167
32
.189
32

.251
36
.209
32
.450*
32
-.077
32

.365*
36
.281
32
.442*
32
-.006
32

.663***
37
.395*
33
.295
33
.330
33

.497**
37
.506**
33
.489**
33
.346*
33

Abbreviations: ∆, change; AISRS Inn, AISRS Inattentive scale; AISRShyp, AISRS hyperactivity scale; AISRStot, adult ADHD investigator symptom rating scale; ASRS, Adult
ADHD Self-Report Scale; BRIEF-A Imp, response inhibit subscale; BRIEF-A WM, Working Memory subscale; PO, planning/organization subscale; QDQ dis, Quick Delay
Questionnaire, Delay Discounting scale; QDQav, QDQ delay aversion scale; rs, Spearman’s correlation. Shading indicates significant associations. n differs due to missing data for ASRS and AISRS as described in Table 1; BRIEF-A is missing for 1 participant.

* P < .05 ** P < .01 *** P < .001 (2-tailed).

Differences in study design/statistical methods may partly
explain our differing findings.
This study has several limitations. Most importantly, a
placebo condition was not included, and clinicians were not
blinded to participant or medication status, thus weakening
conclusions concerning whether self-reported changes after
methylphenidate treatment can be regarded as relating to real
changes in cognitive function rather than merely perceptions
of improved functioning influenced by knowledge of treatment
exposure. Further, we screened for psychiatric comorbidity
using an instrument (MINI) that characterises disorder in binary
terms rather than an instrument allowing dimensional ratings,
and thus we could not investigate the effect of subthreshold
symptoms of, for example, affectivity (Karalunas et al., 2014).
In light of these limitations, interpretations must be cautious.
Nonetheless, our findings indicate that stimulant medicationnaïve adults with ADHD exhibited deficits in cognitive tests and
self-reports of EF and DA. After 6 weeks of methylphenidate
treatment, no improvements were seen in the ADHD group on
performance-based measures of these functions; in contrast,
patients reported significant improvements in these same
functions. Associations between neurocognitive measures and
ADHD symptomatology were found most consistently for selfreported DA.

Funding
This study was supported by the UCPH 2016 Program of
Excellence (“Attention to Dopamine”) and the Lundbeck
Foundation (grant no. R155-2013–16337). Funding sources had
no role in any aspect of the study.

Acknowledgments
The authors thank the clinicians at the Adult ADHD Clinic at the
Copenhagen University Hospital, Glostrup Mental Health Centre,
for their invaluable cooperation in recruitment of patients.

Statement of Interest
Dr Glenthøj is the leader of a Lundbeck Foundation Centre
of Excellence for Clinical Intervention and Neuropsychiatric
Schizophrenia Research, which is financed both by an independent grant from the Lundbeck Foundation (R155-2013–16337)

based on international review and by the Mental Health Services
in the Capital Region of Denmark, University of Copenhagen, and
other foundations. Her group has also received a research grant
from H. Lundbeck A/S. All grants are the property of the Mental
Health Services in the Capital Region of Denmark and administrated by them. Edmund Sonuga-Barke has received speaker
fees, consultancy, research funding, and conference support
from the Shire; speaker fees from the American University of
Beirut and Janssen Cilag; consultancy from Neurotech Solutions,
Copenhagen University, and Berhanderling, Skolerne, and KU
Leuven; and book royalties from Oxford University Press and
Jessica Kingsley. He is Editor-in-Chief JCPP, supported by a buyout of time to King’s College, London, and a personal honorarium. The other authors declare no conflict of interest.

References
Alderson RM, Kasper LJ, Hudec KL, Patros CHG (2013) Attentiondeficit/hyperactivity disorder (ADHD) and working memory in
adults: a meta-analytic review. Neuropsychology 27:287–302.
Allan Cheyne J, Solman GJ, Carriere JS, Smilek D (2009) Anatomy
of an error: a bidirectional state model of task engagement/
disengagement and attention-related errors. Cognition
111:98–113.
Biederman J, Petty CR, Fried R, Black S, Faneuil A, Doyle AE,
Seidman LJ, Faraone SV (2008) Discordance between psychometric testing and questionnaire-based definitions of executive function deficits in individuals with ADHD. J Atten Disord
12:92–102.
Biederman J, Chan J, Spencer TJ, Woodworth Y, Kenworthy T, Fried
R, Bhide P, Faraone SV (2015) Evidence of a pharmacological
dissociation between the robust effects of methylphenidate
on adhd symptoms and weaker effects on working memory.
J Brain Sci 1:43–53.
Bitsakou P, Antrop I, Wiersema JR, Sonuga-Barke EJ (2006) Probing
the limits of delay intolerance: preliminary young adult data
from the delay frustration task (DeFT). J Neurosci Methods
151:38–44.
Bitsakou P, Psychogiou L, Thompson M, Sonuga-Barke EJ (2009)
Delay aversion in attention deficit/hyperactivity disorder: an empirical investigation of the broader phenotype.
Neuropsychologia 47:446–456.
Boonstra AM, Kooij JJS, Oosterlaan J, Sergeant JA, Buitelaar JK
(2005) Does methylphenidate improve inhibition and other

Downloaded from https://academic.oup.com/ijnp/article-abstract/21/11/997/5074815 by Faculty of Life Sciences Library user on 16 January 2019

∆ ASIRStot

rs
n
rs
n
rs
n
rs
n

∆ BRIEF-A inhib

Low et al. |

deficit hyperactivity disorder: a counting Stroop functional
MRI study. Psychol Med 44:2661–2671.
Fuermaier ABM, Tucha L, Koerts J, Aschenbrenner S, Kaunzinger
I, Hauser J, Weisbrod M, Lange KW, Tucha O (2015) Cognitive
impairment
in
adult
ADHD—perspective
matters!
Neuropsychology 29:45–58.
Gau SS, Shang CY (2010) Executive functions as endophenotypes
in ADHD: evidence from the Cambridge neuropsychological
test battery (CANTAB). J Child Psychol Psychiatry 51:838–849.
Ginsberg Y, Hirvikoski T, Grann M, Lindefors N (2012) Long-term
functional outcome in adult prison inmates with ADHD
receiving OROS-methylphenidate. Eur Arch Psychiatry Clin
Neurosci 262:705–724.
Goodman DW, Starr HL, Ma YW, Rostain AL, Ascher S, Armstrong
RB (2017) Randomized, 6-week, placebo-controlled study of
treatment for adult attention-deficit/hyperactivity disorder:
individualized dosing of osmotic-release oral system (OROS)
methylphenidate with a goal of symptom remission. J Clin
Psychiatry 78:105–114.
Gottesman II, Gould TD (2003) The endophenotype concept
in psychiatry: etymology and strategic intentions. Am J
Psychiatry 160:636–645.
Guy
W
(1976)
ECDEU
Assessment
Manual
for
Psychopharmacology: Revised.
Hale JB, Reddy LA, Semrud-Clikeman M, Hain LA, Whitaker
J, Morley J, Lawrence K, Smith A, Jones N (2011) Executive
impairment determines ADHD medication response: implications for academic achievement. J Learn Disabil 44:196–212.
Kabisch M, Ruckes C, Seibert-Grafe M, Blettner M (2011)
Randomized controlled trials: part 17 of a series on evaluation of scientific publications. Dtsch Arztebl Int 108:663–668.
Karalunas SL, Fair D, Musser ED, Aykes K, Iyer SP, Nigg JT (2014)
Subtyping attention-deficit/hyperactivity disorder using temperament dimensions: Toward biologically based nosologic
criteria. JAMA Psychiatry 71:1015–1024.
Kessler RC, Adler L, Ames M, Demler O, Faraone S, Hiripi E, Howes
MJ, Jin R, Secnik K, Spencer T, Ustun TB, Walters EE (2005) The
World Health Organization adult ADHD Self-Report Scale
(ASRS): a short screening scale for use in the general population. Psychol Med 35:245–256.
Kortekaas-Rijlaarsdam AF, Luman M, Sonuga-Barke E, Bet P,
Oosterlaan J (2017) Methylphenidate-related improvements
in math performance cannot be explained by better cognitive functioning or higher academic motivation: evidence
from a randomized controlled trial. J Atten Disord: doi:
10.1177/1087054717713640.
Lambek R, Sonuga-Barke E, Tannock R, Sørensen AV, Damm D,
Thomsen PH (2018) Are there distinct cognitive and motivational sub-groups of children with ADHD? Psychol Med
48:1722–1730.
Lijffijt M, Kenemans JL, Verbaten MN, van Engeland H (2005) A
meta-analytic review of stopping performance in attentiondeficit/hyperactivity disorder: deficient inhibitory motor control? J Abnorm Psychol 114:216–222.
Morell BR, Expósito SH (2017) Differential long-term medication
impact on executive function and delay aversion in ADHD.
Appl Neuropsychol Child 15:1–18.
Mowinckel AM, Pedersen ML, Eilertsen E, Biele G (2015) A metaanalysis of decision-making and attention in adults with
ADHD. J Atten Disord 19:355–367.
Ni H, Shang C, Gau SS, Lin Y, Huang H-C, Yang LK (2013) A
head-to-head randomized clinical trial of methylphenidate and atomoxetine treatment for executive function in

Downloaded from https://academic.oup.com/ijnp/article-abstract/21/11/997/5074815 by Faculty of Life Sciences Library user on 16 January 2019

cognitive abilities in adults with childhood-onset ADHD? J
Clin Exp Neuropsychol 27:278–298.
Bouffard R, Hechtman L, Minde K, Iaboni-Kassab F (2003) The
efficacy of 2 different dosages of methylphenidate in treating adults with attention-deficit hyperactivity disorder. Can J
Psychiatry 48:546–554.
Braff DL, Freedman R, Schork NJ, Gottesman II (2007)
Deconstructing schizophrenia: an overview of the use of
endophenotypes in order to understand a complex disorder.
Schizophr Bull 33:21–32.
Bridgett DJ, Walker ME (2006) Intellectual functioning in adults
with ADHD: a meta-analytic examination of full scale IQ differences between adults with and without ADHD. Psychol
Assess 18:1–14.
Bron TI, Bijlenga D, Boonstra AM, Breuk M, Pardoen WF, Beekman
AT, Kooij JJ (2014) OROS-methylphenidate efficacy on specific executive functioning deficits in adults with ADHD:
a randomized, placebo-controlled cross-over study. Eur
Neuropsychopharmacol 24:519–528.
Bushe C, Day K, Reed V, Karlsdotter K, Berggren L, Pitcher A,
Televantou F, Haynes V (2016) A network meta-analysis of
atomoxetine and osmotic release oral system methylphenidate in the treatment of attention-deficit/hyperactivity disorder in adult patients. J Psychopharmacol 30:444–458.
Chamari K, Briki W, Farooq A, Patrick T, Belfekih T, Herrera CP
(2016) Impact of ramadan intermittent fasting on cognitive
function in trained cyclists: a pilot study. Biol Sport 33:49–56.
Chamberlain SR, Robbins TW, Winder-Rhodes S, Müller U,
Sahakian BJ, Blackwell AD, Barnett JH (2011) Translational
approaches to frontostriatal dysfunction in attention-deficit/
hyperactivity disorder using a computerized neuropsychological battery. Biol Psychiatry 69:1192–1203.
Clare S, Helps S, Sonuga-Barke EJ (2010) The quick delay questionnaire: a measure of delay aversion and discounting in
adults. Atten Defic Hyperact Disord 2:43–48.
Coghill DR, Rhodes SM, Matthews K (2007) The neuropsychological effects of chronic methylphenidate on drug-naive boys
with attention-deficit/hyperactivity disorder. Biol Psychiatry
62:954–962.
Coghill DR, Seth S, Matthews K (2014) A comprehensive assessment of memory, delay aversion, timing, inhibition, decision
making and variability in attention deficit hyperactivity disorder: advancing beyond the 3-pathway models. Psychol Med
44:1989–2001.
Cristiana B, Sandra Pasquali P, Miriam Harumi T, Walter Souza
C, Beatriz Borba C, Casella EB (2017) Attention-deficit/hyperactivity disorder: The impact of methylphenidate on working memory, inhibition capacity and mental flexibility. Arq
Neuropsiquiatr 75:204–208.
Crunelle CL, van den Brink W, Dom G, Booij J (2014) Dopamine
transporter occupancy by methylphenidate and impulsivity
in adult ADHD. Br J Psychiatry 204:486–487.
Dennis M, Francis DJ, Cirino PT, Schachar R, Barnes MA, Fletcher
JM (2009) Why IQ is not a covariate in cognitive studies of
neurodevelopmental disorders. J Int Neuropsychol Soc
15:331–343.
Fallu A, Richard C, Prinzo R, Binder C (2006) Does OROSmethylphenidate improve core symptoms and deficits in
executive function? Results of an open-label trial in adults
with attention deficit hyperactivity disorder. Curr Med Res
Opin 22:2557–2566.
Fan LY, Gau SS, Chou TL (2014) Neural correlates of inhibitory control and visual processing in youths with attention

1005

1006

|

International Journal of Neuropsychopharmacology, 2018

as measures of impulsivity in AD/HD: a supplement to the
NIMH multimodal treatment study of AD/HD. J Abnorm Child
Psychol 29:215–228.
Sonuga-Barke EJ (1994) Annotation: on dysfunction and function in psychological theories of childhood disorder. J Child
Psychol Psychiatry Allied Discip 35:801–815.
Sonuga-Barke EJ (2002) Psychological heterogeneity in AD/HD–a
dual pathway model of behaviour and cognition. Behav Brain
Res 130:29–36.
Sonuga-Barke EJ (2003) The dual pathway model of AD/HD: an
elaboration of neuro-developmental characteristics. Neurosci
Biobehav Rev 27:593–604.
Sonuga-Barke EJ (2005) Causal models of attention-deficit/
hyperactivity disorder: from common simple deficits
to multiple developmental pathways. Biol Psychiatry
57:1231–1238.
Sonuga-Barke EJ, Bitsakou P, Thompson M (2010) Beyond the
dual pathway model: evidence for the dissociation of timing, inhibitory, and delay-related impairments in attentiondeficit/hyperactivity disorder. J Am Acad Child Adolesc
Psychiatry 49:345–355.
Spencer T, Adler L, Qiao M (2010) Validation of the adult ADHD
investigator symptom rating scale (AISRS). J Atten Disord
14:57–6.
Sundhedsstyrelsen (2015) National klinisk retningslinje for
udredning og behandling af ADHD hos voksne. Available at:
https://www.sst.dk/da/nyheder/2015/~/media/91742BB2537F
480E9481E415144C3687.ashx. Retrieved 14 Mar 2018.
Tamminga HGH, Reneman L, Huizenga HM, Geurts HM (2016)
Effects of methylphenidate on executive functioning in
attention-deficit/hyperactivity disorder across the lifespan: a
meta-regression analysis. Psychol Med 46:1–17.
Thorell LB, Sjöwall D, Mies GW, Scheres A (2016) Quick delay
questionnaire: reliability, validity, and relations to functional
impairments in adults with attention-deficit/hyperactivity
disorder (ADHD). Psychol Assess 29:1261–1272.
Toplak ME, West RF, Stanovich KE (2013) Practitioner review: do
performance-based measures and ratings of executive function assess the same construct? J Child Psychol Psychiatry
54:131–143.
Tucha L, Tucha O, Sontag TA, Stasik D, Laufkötter R, Lange
KW (2011) Differential effects of methylphenidate on
problem solving in adults with ADHD. J Atten Disord
15:161–173.
Tucha O, Mecklinger L, Laufkötter R, Klein HE, Walitza S, Lange
KW (2006) Methylphenidate-induced improvements of
various measures of attention in adults with attention
deficit hyperactivity disorder. J Neural Transm (Vienna)
113:1575–1592.
Wechsler D (2008) Wechsler adult intelligence scale–Fourth
Edition (WAIS–IV). San Antonio, TX: Psychological Corporation.
World Health Organization (1992) The ICD-10 classification of
mental and behavioural disorders. Int Classif 10:1–267.

Downloaded from https://academic.oup.com/ijnp/article-abstract/21/11/997/5074815 by Faculty of Life Sciences Library user on 16 January 2019

adults with attention-deficit hyperactivity disorder. Int J
Neuropsychopharmacol 16:1959–1973.
Ni HC, Hwang Gu SL, Lin HY, Lin YJ, Yang LK, Huang HC, Gau SS
(2016) Atomoxetine could improve intra-individual variability in drug-naïve adults with attention-deficit/hyperactivity
disorder comparably with methylphenidate: a head-to-head
randomized clinical trial. J Psychopharmacol 30:459–467.
Patros CHG, Alderson RM, Kasper LJ, Tarle SJ, Lea SE, Hudec KL
(2016) Choice-impulsivity in children and adolescents with
attention-deficit/hyperactivity disorder (ADHD): a meta-analytic review. Clin Psychol Rev 43:162–174.
Pettersson R, Söderström S, Nilsson KW (2015) Diagnosing ADHD
in adults: an examination of the discriminative validity of
neuropsychological tests and diagnostic assessment instruments. J Atten Disord 22:1019–1031
Pironti VA, Lai MC, Muller U, Dodds CM, Suckling J, Bullmore ET,
Sahakian BJ (2014) Neuroanatomical abnormalities and cognitive impairments are shared by adults with attention-deficit/hyperactivity disorder and their unaffected first-degree
relatives. Biol Psychiatry 76:639–647.
Riordan HJ, Flashman LA, Saykin AJ, Frutiger SA, Carroll KE, Huey
L (1999) Neuropsychological correlates of methylphenidate
treatment in adult ADHD with and without depression. Arch
Clin Neuropsychol 14:217–233.
Robbins TW, James M, Owen AM, Sahakian BJ, McInnes L, Rabbitt
P (1994) Cambridge neuropsychological test automated battery (CANTAB): a factor analytic study of a large sample of
normal elderly volunteers. Dementia 5:266–281.
Roth RM, Isquith PK, Gioia GA (2005) Behavior Rating Inventory
of Executive Function®–Adult Version (BRIEF®-A). Lutz, FL:
Psychological Assessment Resources.
Sahakian BJ, Owen AM (1992) Computerized assessment in neuropsychiatry using CANTAB: discussion paper. J R Soc Med
85:399–402.
Scime M, Norvilitis JM (2006) Task performance and response
to frustration in children with attention deficit hyperactivity
disorder. Psychol Sch 43:377–386.
Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J,
Weiller E, Hergueta T, Baker R, Dunbar GC (1998) The miniinternational neuropsychiatric interview (M.I.N.I.): the development and validation of a structured diagnostic psychiatric
interview for DSM-IV and ICD-10. J Clin Psychiatry 20:22–33.
Simon V, Czobor P, Bálint S, Mészáros A, Bitter I (2009) Prevalence
and correlates of adult attention-deficit hyperactivity disorder: meta-analysis. Br J Psychiatry 194:204–211.
Skirrow C, McLoughlin G, Banaschewski T, Brandeis D, Kuntsi
J, Asherson P (2015) Normalisation of frontal theta activity
following methylphenidate treatment in adult attentiondeficit/hyperactivity disorder. Eur Neuropsychopharmacol
25:85–94.
Solanto MV, Abikoff H, Sonuga-Barke E, Schachar R, Logan GD,
Wigal T, Hechtman L, Hinshaw S, Turkel E (2001) The ecological validity of delay aversion and response inhibition

