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Introduction: The Quantified behavior Test (QbTest), which combines a continuous per-
formance task (CPT) and motion tracking, provides data for the core signs of attention-
deficit/hyperactivity disorder (ADHD): attention, hyperactivity, and impulsivity. This study
aimed to evaluate the performance of children and adolescents with ADHD on the QbTest
before and after a single methylphenidate (MPH) dose.

Subjects and Methods: This retrospective chart review study included data from 149
children and 215 adolescents who completed the QbTest. A summary index of the CPT and
motion capture data on the QbTest is provided by three cardinal parameters: QbActivity,
Qblmpulsivity, and Qblnattention. The test was performed twice on the same day, before and
up to three hours after MPH intake. A decrease by > 0.5 in a cardinal parameter score was
considered an improvement, whereas an increase by > 0.5 a deterioration.

Results: QbActivity improvement after MPH intake was present in 71.7% and 76.2% of the
children and adolescents, respectively. QbImpulsivity improvement was observed in 50.4% of
the children and 44.7% of the adolescents, and Qblnattention improvement in 85.1% and
91.1% of the children and adolescents, respectively. All three parameters improved simulta-
neously in 27.7% of the children and 28.7% of the adolescents. The likelihood that one
parameter deteriorated after MPH use was greater if that parameter was within the normal
range before medication. This was most pronounced for QbImpulsivity. Among male adoles-
cents, Qblnattention improvement was often accompanied by QbImpulsivity deterioration.
Conclusion: The QbTest inattention and motor activity parameters improved markedly after
a single MPH dose in children and adolescents with ADHD, while less so for impulsivity.
Improvement of one parameter is not necessarily associated with improvement of the other
two, and deterioration, especially regarding impulsivity, may occur. If confirmed, these
results highlight the need for optimization and individualization of MPH treatment, while
monitoring all aspects of the ADHD symptomatology based on the QbTest performance.
Keywords: continuous performance task, inattention, impulsivity, motor activity, stimulants

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental condition
presenting with three core symptom domains: inattention, hyperactivity, and
impulsivity." There is vast heterogeneity in the expression of these symptoms, as
well as in associated disorders, treatment response, neurocognitive abilities, and
outcomes of adaptive functioning.”>* Against this background, it is challenging to
make a timely and accurate diagnosis and provide optimal and effective treatment,
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considering that we still rely mostly on the descriptive
nature of diagnostic criteria in everyday clinical practice.
Although there is strong evidence in favor of viewing
ADHD dimensionally,
research purposes, there is currently no consensus regard-

for etiological and outcome
ing what kinds of dimensions capture ADHD best and at
which level they should be measured; ie, reported symp-
toms, cognitive tests, brain imaging, or other neurobiolo-
gical markers.’ Objective measures, mainly assessing
neurocognitive aspects, are considered to play an impor-
tant role in increasing diagnostic accuracy and optimizing
treatment response.®® Nevertheless, even after consider-
able amounts of research, the clinical utility of different
objective ADHD measurement methods is to be
confirmed.’

Continuous performance tasks (CPTs) are methods for
measuring sustained and selective attention and
impulsivity,® and may have promising adjuvant roles in
diagnosing and managing ADHD.'® Specific CPT para-
meters, including reaction time and reaction time variabil-
ity (ie, average time for correct responses and its standard
deviation as one of the measures of sustained attention),
omission (ie, not responding to a target as a measure of
selective attention), and commission errors (ie, responding
to a non-target as a measure of impulsivity), along with
newer modifications, such as motion tracking analysis for
motor activity assessments, may be useful as clinical tools
for diagnosing and monitoring ADHD in children.® Over
the past 15 years, convincing evidence has emerged for the
effects of stimulant medication on CPT performance in
children with ADHD. Epstein et al reported that children
with ADHD who had taken a stimulant on the day of
testing performed more accurately on classical CPT mea-
sures, had faster reaction times and reduced reaction time
variability, compared with children without medication.""
Effects of methylphenidate (MPH) evaluated by CPT mea-
sures were evident both after one week of exposure and
over several weeks of treatment.”'*'3 After a six-month
MPH treatment course, CPT impulsivity composite scores
had improved significantly, while this was not the case for
the CPT distraction response.'* Several studies, using the
Test of Variables of Attention (TOVA®™), which combines a
CPT with minimal language demands and no left-right
discrimination,'> showed improvement in commission
scores, response time, and ADHD scores, while significant
improvements regarding the omission variable were found
in two of three studies.'®'® In preschoolers, the opposite

results were obtained with significant improvement in

omission, response time score and response time variabil-
ity score, but not in the commission score, following a
single dose of MPH.'? Studies using advanced CPT ver-
sions, including motion analysis, provide additional evi-
dence. Heiser et al’’ were among the first to show
significant changes in all CPT parameters related to activ-
ity, impulsivity, and attentiveness two hours after MPH
intake in children already receiving MPH. Their findings
were confirmed by other groups who monitored the effect
of stimulants on one or more core ADHD signs in chil-
dren, measured by CPT and/or motion analysis.>' >

Previous studies, using the Quantified behavior Test
(QbTest)** in children and/or adolescents, have shown
mixed effects of MPH on reaction time or reaction time
variation, omission, and commission errors, as well as
motor activity (ie, distance in head movement).>> %7 The
QbTest is a commercially available measure (Qbtech AB,
www.gbtech.com) approved by the United States Food and
Drug Administration (FDA) to supplement the standard
clinical assessment and evaluation of treatment interven-
tions in ADHD.*?**2° Being acceptable and feasible,* it
has quickly become a frequently utilized CPT in pediatric
populations,”® especially due to the fact that it includes a
motor activity analysis that targets hyperactivity as a pro-
posed intermediate phenotype in ADHD.?'

However, there is still conflicting evidence regarding the
diagnostic validity of the QbTest. For example, Hult et al**
demonstrated moderate levels of diagnostic accuracy in
children, while Johansson et al** showed that the QbTest
was not able to differentiate between ADHD and other
neurodevelopmental conditions in adolescents. Hirsch and
Christiansen’® investigated the validity predominantly in an
adult population and found high sensitivity for two inatten-
tion markers (ie, omission and reaction time variability),
and for the main scores obtained. Even though the overall
classification rate was satisfactory, its specificity was low.
Hollis et al*® found, in a pediatric population, that the
QbTest may increase the efficiency of the ADHD assess-
ment pathway, while Emser et al® showed that when using
both subjective and objective (one of which was the
QbTest) measures, an ADHD diagnosis can be accurately
predicted with high sensitivity in children, adolescents, and
adults. The most recent study by Ulberstad et al>> with
regard to diagnostic validity, showed that the QbCheck, as
an online version of the QbTest, was able to discriminate
between adolescents/adults with ADHD and controls, with a
sensitivity of 82.6% and a specificity of 79.5%.
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The performance of treated children and adolescents
with ADHD on the QbTest and the ability of the test to
detect medication/treatment effects have mainly been
tested in small-sample studies, with a limited number of
selected participants.”>%*¢ Therefore, more studies are
needed, using larger samples and clinical populations, in
order to test how children and adolescents with ADHD
perform on the QbTest, especially with regard to early
identification of treatment responders. Objective measures,
including CPT scores, could be used to identify children
and adolescents with ADHD who will or will not respond
to MPH.”*

The aim of the present study was to evaluate the
QbTest performance of children and adolescents with
ADHD before and after a single MPH dose given in a
clinical setting, thereby attempting to evaluate the sensi-
tivity of attention functionality, impulsivity, and hyperac-
tivity to a single MPH use.

Materials and Methods

Subjects
This is a retrospective chart review study for which data
were extracted from available medical records of children
and adolescents who had undergone QbTest assessments at
the department of child and adolescent psychiatry in one
of few general hospitals located in western Sweden during
the period January 1, 2004 to December 31, 2017. Data
were extracted from a database containing information on
the QbTest, demographics, and selected clinical data. The
main inclusion criteria for the study were children and
adolescents aged six to 18 years and a confirmed diagnosis
of ADHD. Children with a diagnosis of autism spectrum
disorder (ASD) or with severe mental illness, such as early
onset psychosis and intellectual disability, were excluded.
Furthermore, only those with available reliable QbTest
scores were included in the analyses. Following the
clinic’s routine, all children and adolescents included in
the study underwent the QbTest twice on the same day.
Once the baseline testing had been completed, the child
was given a single dose of MPH and the next, post-MPH,
QbTest was performed up to three hours after MPH intake.
Based on the inclusion/exclusion criteria, 364 subjects
were included in the below analyses; 149 completed the
QbTest (6—12 years; for detailed information see the
Instrument section) and 215 the QbTest plus (13-18
years; for detailed information see the Instrument section);
for details see Table 1. The mean time between baseline

and the post-MPH assessment was 92.2 minutes (SD =
25.11; range 30-180), and the average MPH dose given
was 31.4 mg (SD = 9.5; range 10-72 mg). The following
MPH formulations methylphenidate
(Concerta) in 106 (29.1%) tests; methylphenidate capsules
with modified-release (MR; Medikinet/Ritalin) to 197
(54.1%) patients, methylphenidate tablets (Medikinet/

were  given:

Table | General Characteristics of Included Subjects (n = 364)

Gender, n (%)

Male 187 (51.4)
Female 177 (48.6)
Age, M* (SD") years 13.58
(3.38)
Test type, n (%)
QbTest® (612 years) 149 (40.9)
QbTest plus (13-18 years) 215 (59.1)
BMI4, n (%)
< ISD® 34 (9.3)
ISD® 184 (50.5)
> ISD® 139 (38.2)
ADHD?® type, n (%)
Predominantly hyperactive-impulsive presentation 140 (28.6)
Predominantly inattentive presentation 77 (21.2)
Combined presentation 171 (47.0)
Unspecified type 12 (3.3)

Co-occurring psychiatric disorders diagnosed before or at the testing,
n (%)

One 125 (34.3)
Two or more 54 (14.9)
Comorbidity, n (%)

Tics 5(1.4)
Mixed disorder of conduct and emotions 9 (2.5)
Conduct disorder 16 (4.4)
Specific developmental disorder of motor function 4 (1.1)
Specific developmental disorders of scholastic skills 14 (3.8)
Specific developmental disorders of speech and 9 (2.5)
language

Nonorganic sleep disorders 7 (1.9)
Reaction to severe stress or adjustment disorder 7 (1.9)
Obsessive-compulsive disorder 8(2.2)
Anxiety disorder 39 (10.7)
Depressive episode 40 (11)
Bipolar affective disorder 8(2.2)
Other 13 (3.6)

Notes: *M, mean; ®SD, standard deviation; “QbTest, Quantified behavior Test; “BMI,
body mass index; “ADHD, attention-deficit/hyperactivity disorder.
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Ritalin) to 17 (4.7%) patients, and methylphenidate (drug
name not specified or MPH formulation capsule with MR/
tablet unknown) to 44 (12.1%) patients. In total, eight
(2.2%) children and adolescents were drug-naive, 38
(10.4%) received other-than-MPH medication, and twelve
(3.3%) were already treated with stimulants. For the rest of
the sample, no reliable data were available on previous or
current psychopharmacological treatment.

Instrument and Procedures
The QbTest, as a combination of a computerized CPT and
a motion tracking system, provides data for the three core
signs of ADHD, namely attention, hyperactivity, and
impulsivity.>***>*7 During a CPT task, which measures
sustained and selective attention and impulsivity,® a high-
resolution infrared camera monitors the participant’s head
movements during responses to stimuli appearing on the
computer screen. The participant is seated on a stool with
no back support or armrest. There are two versions of the
test; one for 6 to 12-year-old children (QbTest [6—12 yrs.])
lasting 15 minutes, and the adolescent/adult version for the
age of 12 to 60 years (in future text, the QbTest plus [13—
18 yrs.]) lasting 20 minutes. The QbTest involves presen-
tation of two different stimuli: a gray circle (target) and a
gray circle with a cross (non-target). In the QbTest plus,
the CPT involves rapid presentation of four different sti-
muli; a red and a blue circle, and a red and a blue square.
During the test, the participant is asked to press a button
once in response to every target signal that is identical in
color and shape to the stimulus immediately preceding it.
The QbTest program gives a summary of the participant’s
scores after completing the test.*® These results are pre-
sented as raw scores as well as Q-scores that are calculated
using the normative data matched for gender and age.*>’
Three cardinal parameters, Qblnattention, QbActivity
and QbImpulsivity, provide a summary index of the CPT
and motion capture data.’’ QbActivity includes data mea-
sured by the motion-capturing device, only from the second
half of the test and based on the following parameters: time
active (in percentage [%]), distance (in meters [m]), area (in
cm?), and microevents (ie, a number of the marker changes
its position more than one millimeter). The motion simplicity
(%) parameter is also calculated by measuring the complex-
ity of the movement. Qblnattention and QbImpulsivity are
parameters based on the CPT data. They both include para-
meters: omission errors (%), reaction time (in milliseconds
[ms]), and reaction time variation (ms), commission errors
(%), and normalized commission errors. However, not all

parameters have the same weight in these two cardinal para-
meters. For Qblnattention, omission errors, reaction time,
and reaction time variation are the parameters with the great-
est weight, and for Qblmpulsivity, the corresponding items
are commission errors and normalized commission errors.
For the QbTest for 6 to 12-year-olds, anticipatory errors (ie, a
response detected a little before or just after a stimulus is
presented) are Qblmpulsivity.
Qblmpulsivity includes data from the second to the fourth

quartile, while Qblnattention only includes data from quar-

also included for

tiles three and four. The cardinal parameters, Qblnattention,
QbActivity and QbImpulsivity, were derived from a prior
factor analysis,”” and results are standardized to Q-scores (ie,
transformation of a skewed statistical distribution to nor-
mally distributed Z-scores, where the mean equals 0 and
the standard deviation equals 1).” Thus, the cardinal para-
meters inform on differences between a patient’s raw score
and the score of an age and gender-matched control.*’~% A
Q-score of 1.5 or higher is interpreted as atypical** and a Q-
score of 1.5 corresponds to the 93" percentile.>” The value of
the Q-score ranging from 1.1 to 1.4 is interpreted as slightly
atypical.*® In the present study, a Q-score > 1 was considered
to be atypical. The Q-score of 1.1 is equivalent to the 86th
percentile,*® which means that 86% of the normative group
(same age and gender) will score lower than the person who
has obtained these results on the test. After the MPH chal-
lenge, a decrease by > 0.5 of the score was considered as
improvement and an increase by > 0.5 as deterioration.
Tallberg et al considered a decrease in QbTest scores of
more than 0.4 SD as a clinically significant improvement.’

Previous psychometric studies demonstrated sound
measurement properties of the Qbtest, including good
test-retest reliability.>> In the present study, the test-retest
reliability of the cardinal parameters was analyzed using
the intra-class correlation coefficient (ICC;*") in a sub-
group of children and adolescents whose Q-scores
remained in the same percentile range after the MPH
dose (ie, remained unchanged). The ICC of QbActivity
was 0.5 for the data from 83 children and 0.75 for the data
from 103 adolescents. For QbImpulsivity, the ICC was
0.83 for the data from 111 children and 0.80 for the data
from 136 adolescents. For Qblnattention, the ICC was
0.64 for the data from 75 children and 0.36 for the data
from 97 adolescents.

Detailed information on the QbTest and description of
the norm database can be found in the QbTest technical

manual.®’
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Ethics

The Regional Ethical Review Board, University of
Gothenburg, Sweden, approved the study (reg. no. 072—
18). To protect the confidentiality of the subjects, exten-
sive precautions were taken. The first author (RK) was the
only person who had access to all data systems. She coded
all the subjects and was the only person/researcher who
had access to the code list. All data were anonymized
before analysis. No informed consent was used. The appli-
cation that was approved by the Regional Ethical Review
Board included detailed information on this procedure.
The Regional Ethical Review Board did not request
informed consent from the participants.

Statistical Analyses

The difference in QbTest parameters between baseline and
post-MPH was analyzed with the paired #-test for children
(QbTest 6-12 yrs.) and adolescents (QbTest plus 13—18
yrs.) separately, while differences between baseline and
post-MPH tests for both groups together were analyzed
by analysis of variance (ANOVA). Cohen’s d effect size
was calculated and its values were interpreted as small (<
0.5), medium (0.5-0.8) or large (> 0.8).** Changes in
scores from baseline to post-test were calculated for each
child/adolescent with respect to the three parameters, and
the correlation analysis was performed to explore whether
the magnitude of changes to these parameters was corre-
lated (ie, Pearson’s r correlation coefficient). The strength
of the correlations was interpreted as weak (0.1-0.3),
moderate (0.31-0.5) or high (> 0.51). Multiple regression
analysis was then used to test which variables significantly
predicted changes in three Q-scores from baseline to the
post-MPH assessment. Significant changes were calculated
here as absolute changes in the scores (+ or - > 0.5) or not,
according to the baseline score classification of the results
as atypical or typical. Finally, the multinomial logistic
regression analysis was carried out to test for the predic-
tors of no changes and deteriorations compared with
improvements of the three Q-scores. For each score, the
initial model used one dependent variable, a change in the
score (ie, no change, improvement, and deterioration),
with those improved as the reference category, and the
following predictors: gender, QbTest type (6—12 vs 13—
18), body mass index (BMI) category, ADHD type, num-
ber of comorbidities, time passed between MPH intake
and the second test occasion, MPH dose given, the
QbActivity, QbImpulsivity or Qblnattention score on the

first test occasion, categorized as above 1.0 vs below 1.0,
and the change in the other two scores (ie, no change,
improvement, and deterioration).

Results

The mean values (SD) for the objective QbTest parameters
at baseline and post-MPH in children (QbTest) and ado-
lescents (QbTest plus) are presented in Table 2. Except for
the anticipatory parameter, all scores were significantly
decreased at the post-MPH assessment for children.
Cohen’s d effect sizes were moderate to large. All scores
for the adolescents were significantly decreased at the
post-MPH assessment, and the effect size ranged from
moderate to large, except for the commission errors,
which were low.

The distribution of subjects with regard to changes in
scores from baseline to the post-MPH assessment is given
for the cardinal parameters by gender and as totals in Table 3.
Improved QbActivity scores were present in 71.7% of the
children and 76.2% of the adolescents, improved
Qblmpulsivity scores in 50.4% of the children and 44.7%
of the adolescents, and improved Qblnattention scores in
85.1% of the children and 91.1% of the adolescents. For
children, there were no statistically significant differences
between males and females for any of the three scores,
while for adolescents, a statistically significant difference
was observed for Qblmpulsivity only (Xz(df) =8.652),p=
0.013). In addition, a statistically significant difference was
observed for QbImpulsivity between male children and ado-
lescents (¢ = 18.55 (2), p < 0.01). For females, a statisti-
cally significant difference between children and adolescents
was observed for QbActivity ()(Z(df) =17.85(2), p=0.02).

All three parameters improved simultaneously in
27.7% of the children and 28.7% of the adolescents.
Additionally, 26.2% of the children and 33% of the
adolescents improved on Qblnattention and QbActivity,
14.9% of the children and 10% of the adolescents on
Qblnattention and QbImpulsivity, and 3.5% of the chil-
dren and 4.8% of the adolescents on QbActivity and
third Q-score
unchanged or deteriorated. The greatest difference by

Qblmpulsivity, when the remained
gender in deterioration was in the QbImpulsivity score
for adolescents; 33.8% of the males and 21.8% of the
females had a deterioration of this score combined with
an improvement in Qblnattention. Details on different
age and gender groups compared are given in Appendix

1, 2, and 3.
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Table 2 Objective Measures of Activity, Impulsivity and Inattention at Baseline and Post-MPH in Children (QbTest) and Adolescents
(QbTest Plus)

QbTest® (6-12 yrs.) QbTest® Plus (13-18 yrs.©)
Measure n Before After MPH? | p, d¢ n Before After MPH? | p, d¢
MPH? MPH?
Time active (%) 120 | 42.03 (25.42) 27.44 (26.52) | <0.01, 0.69 194 | 2551 (20.56) | 11.84 (17.45) | <0.01,0.74
Distance (m) 122 | 17.89 (13.52) 11.30 (12.18) | <0.01, 0.64 194 | 11.72 (9.98) 5.99 (5.64) <0.0l, 0.64
Area (cm2) 122 | 71.23 (50.47) 40.19 (44.39) | <0.01,0.82 194 | 49.25 (40.84) | 20.48 (25.09) | < 0.0, 0.76
Microevents 122 | 10,034.42 6792.68 <0.01, 0.69 194 | 6652.67 3505.66 <0.0l,0.75
(5801.86) (5589.06) (4780.96) (3415.49)
Motion simplicity (%) 120 | 47.94 (6.94) 41.64 (8.55) <0.01,0.76 194 | 4831 (10.62) | 37.79 (11.55) | <0.0l, .00
Commission errors (%) | 147 | 18.85 (13.92) 12.49 (12.05) | <0.01, 0.6l 213 | 3.35(5.58) 2.14 (3.26) <0.0l,0.24
Anticipatory (%) 147 | 3.04 (5.24) 293 (7.13) 0.28 / / / /
Reaction time (ms) 147 | 529.04 471.38 <0.01, 0.85 214 | 635.15 498.90 <0.0l, I.11
(111.52) (98.21) (131.53) (92.26)
Reaction time 125 | 221.59 (95.24) | 162.79 <0.01, 0.80 181 | 22423 155.35 <0.0l, 1.06
variation (ms) (93.90) (60.66) (50.83)
Normalized reaction 125 | 41.68 (15.46) 33.84 (16.68) | <0.01, 0.68 181 | 35.59 (7.33) 31.09 (7.17) <0.0l,0.58
time (%)
Omission errors (%) 147 | 17.31 (17.18) 8.25 (13.80) <0.01,0.74 206 | 28.58 (19.64) | 8.45 (10.86) <0.0l, 1.06

Notes: *MPH, methylphenidate; beTest, Quantified behavior Test; cyrs., years: dp, p value for t-test; d, Cohen’s d effect size.

Predictors of Change The results of multiple linear regressions are given in
The correlation between the changes in score means from  Table 4. The predictors included in the model of multiple
baseline to the post-MPH testing of the three cardinal —regression analysis explained 31% of the variance (F(io,
parameters was generally weak (ranging 0.15-0.26), 106 = 4.71, p <0.01) for children and 25% of the variance
while it could be negligible to moderate according to the  (F(10, 170) = 5.86, p < 0.01) for adolescents in the change in
95% confidence interval (range 0.04—0.36). QbActivity. A QbActivity score at first test accounted for

Table 3 Distribution of Changes in Scores for Three Cardinal Parameters

QbTest® (6-12 yrs.?) QbTest® Plus (13-18 yrs.?)
Male, n (%) Female, n (%) Total, n (%) Male, n (%) Female, n (%) Total, n (%)
QbActivity No change 18 (23.4) 6 (14.0) 24 (20.0) 15 (19.0) 25 (21.9) 40 (20.7)
Improvement 54 (70.1) 32 (744) 86 (71.7) 60 (75.9) 87 (76.3) 147 (76.2)
Deterioration 5(6.5) 5(l1.6) 10 (8.3) 4 (5.1 2(1.8) 6 (3.1
Qblmpulsivity No change 33 (35.9) 23 (46.9) 56 (39.7) 21 (24.7) 38 (30.9) 59 (284)
Improvement 51 (55.4) 20 (40.8) 71 (50.4) 34 (40.0) 59 (48.0) 93 (44.7)
Deterioration 8 (8.7) 6 (122) 14 (9.9) 30 (35.3) 26 (21.1) 56 (26.9)
Qblnattention No change 6 (6.5) 4(8.2) 10 (7.1) 6 (7.2) 7 (5.9 13 (6.4)
Improvement 76 (82.6) 44 (89.8) 120 (85.1) 74 (89.2) 110 (92.4) 184 (91.1)
Deterioration 10 (10.9) 1 (2.0) 11 (7.8) 3 (3.6) 2 (1.7) 5(2.5)

Notes: *QbTest, Quantified behavior Test; Pyrs., years.
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Table 4 Results of Multiple Linear Regression

QbTest™ (6-12
yrs.®)

QbTest® Plus (13-
18 yrs.?)

Bf SE® | p" Bf SE® | p"

Change in QbActivity
Gender 0.06 022 | 0.77 | —0.13 | 0.16 | 0.4I
Age in years 0.23 0.07 | < —0.01 | 0.05 | 0.88

0.01
BMI® category 0.40 0.17 | 0.02 | 0.17 0.12 | 0.17
ADHD? type —0.15 | 0.14 | 0.27 | —0.02 | 0.09 | 0.76
Number of 0.11 0.14 | 041 | —0.11 | 0.09 | 0.24
comorbidities
Time lapsed after —0.01 | 0.01 | 0.36 | 0.0l 0.01 | 0.97
MPH®
MPH® dose given —0.02 | 0.01 | 0.17 | 0.0l 0.01 | 0.76
QbActivity at 0.54 0.10 | < 0.33 0.07 | <
baseline 0.01 0.01
Qblmpulsivity 0.10 0.11 | 037 | 0.1l 0.06 | 0.07
change
Qblnattention 0.17 0.07 | 0.03 | 0.23 0.06 | <
change 0.0l
Change in Qblmpulsivity
Gender —0.27 | 0.16 | 0.10 | —0.21 | 0.16 | 0.21
Age in years 0.06 0.05 | 0.20 | —0.06 | 0.05 | 0.24
BMI® category —0.12 | 0.13 | 0.36 | —0.06 | 0.12 | 0.59
ADHD? type 0.08 0.11 | 042 | —0.10 | 0.09 | 0.27
Number of —0.02 | 0.11 | 0.84 | 0.04 0.09 | 0.71
comorbidities
Time lapsed after —0.01 | 0.0l | 0.53 | —0.04 | 0.0l | 0.05
MPH®
MPH® dose given —-0.01 | 0.0l | 0.71 | 0.02 0.01 | 0.03
Qblmpulsivity at 0.40 0.06 | < 0.65 0.06 | <
baseline 0.01 0.01
Qblnattention 0.15 0.06 | 0.0l | 0.12 0.06 | 0.06
change
QbActivity change 0.12 0.06 | < 0.21 0.07 | <

0.05 0.01
Change in Qblnattention
Gender 0.17 0.23 | 045 | 0.16 0.15 | 0.28
Age in years 0.08 0.07 | 0.25 | 0.08 0.05 | 0.08
BMI® category 0.03 0.19 | 0.86 | —0.15 | 0.1l | 0.12
ADHD? type —0.06 | 0.15 | 0.66 | 0.07 0.08 | 0.42
Number of —0.11 | 0.15 | 0.44 | 0.0l | 0.09 | 0.99
comorbidities
Time passed after 0.01 0.0l | 045 | —0.01 | 0.0l | 0.36
MPH®
MPH® dose given 0.01 0.0l | 0.98 | 0.02 0.01 | 0.09
Qblnattention at 0.56 0.09 | < 0.63 0.06 | <
baseline 0.0l 0.0l

(Continued)

Table 4 (Continued).

QbTest® (6-12 QbTest® Plus (13-
yrs.®) 18 yrs.?)
Bf SE® | p" Bf SE® | p"
QbActivity change 0.16 0.09 | 0.07 | 0.21 0.06 | <
0.01
Qblmpulsivity 0.08 | 0.12 | 051 | 0.13 0.05 | 0.02
change

Notes: *QbTest, Quantified behavior Test; byrsq years; °BMI, body mass index;
YADHD, attention-deficit/hyperactivity disorder; “MPH, methylphenidate; B, esti-
mated multinomial logistic regression coefficients; &SE, standard error; hp, p value
from t-test.

most of the variance in the changes in both groups (20%
and 16%, respectively), with the change in score for
Qblnattention significantly predicting additional variances,
while age and BMI were significant predictors for chil-
dren’s scores only. For the change in Qblmpulsivity, the
predictors included in the model explained 32% of the
variance (F(10,106) = 3.69, p < 0.01) for children, and
51% of the variance (F(i0,170y = 18.01, p < 0.01) for
adolescents. The Qblmpulsivity score at the first test
accounted for most of the variance in the changes for
both groups (24% and 46%, respectively), with a change
in the QbActivity score significantly predicting additional
variances in both groups, while a change in the
Qblnattention score significantly predicting an additional
variance among children and MPH dose predicting an
additional variance among adolescents. For the change in
Qblnattention, the predictors included in the model
explained 33% of the variance (Fj9,106) = 5.13, p < 0.01)
for children and 45% of the variance (F(j¢,170) = 14.01, p <
0.01) for adolescents. The Qblnattention score at the first
assessment accounted for most of the variance in changes
for both groups (25% and 33%, respectively), with the
changes in the QbActivity and Qblmpulsivity scores
accounting for an additional variance among adolescents
only.

Finally, the results of the multinomial logistic regres-
sion analysis testing for the predictors of no change vs
deterioration of the three Q-scores are given in Table 5.
For QbActivity, model 1 with the predictors tested did not
reach statistical significance, )(2(32, 291y = 37.09, p = 0.25,
and the only statistically significant predictor for deteriora-
tion was the QbActivity score at the first test (B = 2.17, p
< 0.01). We thus culled the model to exclude all predictors
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Table 5 Results of Multinomial Logistic Regressions

B SE* Wald® (dff) pt Exp (B)" 95% CI' for Exp (B)"

LB! uB“

Model I*

QbActivity, deterioration

QbActivity score < 1.0 at baseline 2.35 0.76 941 (1) < 0.0l 10.54 2.34 47.44

Model 2*

Qblmpulsivity, no change

MPH? dose given —0.05 0.0l 8.01 (1) < 0.0l 0.94 091 0.98

Male gender —0.65 0.31 431 (1) 0.04 0.52 0.28 0.96

Qblmpulsivity score < 1.0 at baseline 1.54 0.33 21.61 (1) < 0.0l 4.69 2.44 8.98

No change in Qblnattention —1.98 0.96 4.19 (1) 0.04 0.14 0.02 0.92

QblImpulsivity, deterioration

QbTest® (6-12 yrs.) —1.65 0.48 11.77 (1) < 0.0l 0.19 0.07 0.49

Qblmpulsivity score < 1.0 at baseline 3.6l 0.60 35.58 (I) < 0.0l 36.89 11.27 120.71

No change in Qblnattention -3.73 1.28 8.49 (1) < 0.0l 0.02 0.01 0.29

Improvement in Qblnattention —2.56 1.01 6.35 (1) 0.01 0.08 0.01 0.57

Model 3*

Qblnattention No change

MPH? dose given —-0.07 0.03 4.93 (1) 0.00 0.93 0.87 0.99

Qblnattention score < 1.0 at baseline 1.54 0.54 797 (1) <0.01 4.67 1.60 13.58

Qblnattention, deterioration

MPH? dose given —0.08 0.03 4.15 (1) 0.01 0.93 0.86 0.99

Male gender 1.41 0.71 3.87 (1) <0.05 4.12 1.01 16.83

Qblnattention score < 1.0 at baseline 1.53 0.63 591 (1) 0.02 4.63 1.35 15.92

Notes: *Improvement in a score as a reference category; *MPH, methylphenidate; ®QbTest, Quantified behavior Test; “B, estimated multinomial logistic regression
coefficient; 9SE, standard error; *Wald, Wald test; 'df, degree of freedom; #p, p value; "Exp(B), exponentiation of the B coefficient; 'Cl, confidence interval; /LB, lower bounds;

“UB, upper bounds.

that did not have significant unique effects, and the result-
ing model was statistically significant, Xz(z) =16.25p <
0.01. The model explained 7% of the variance and the
overall percentage for correct classifications was 74.4%.
Only the QbActivity score < 1 at baseline was associated
with increased likelihood of deteriorating after MPH
intake.

For Qblmpulsivity, model 2 with the predictors tested
reached statistical significance, )(2(32, 201y = 117.32, p < 0.01,
but significant unique effects were evident for the MPH
dose given, the type of QbTest, gender, QbImpulsivity
score at baseline, and the change in Qblnattention. The
model explained 38% of the variance, and the overall
percentage for correct classification for this model was
62.5%. The Qblmpulsivity score < 1 at baseline was

associated with increased likelihood of remaining
unchanged or deteriorating. A higher dose of MPH and
male gender were associated with a small reduction in the
likelihood of remaining unchanged, while children (Qbtest
6-12 yrs.) had a small reduction in the likelihood of dete-
rioration. Those who remained unchanged on Qblnattention
had a lower likelilhood of remaining the same on
Qblmpulsivity. In addition, those who remained unchanged
or improved on Qblnattention had a lower likelihood of
deteriorating on QbImpulsivity.

For Qblnattention, model 3 with all predictors tested
reached statistical significance, Xz(zz, 206) = 48.05, p < 0.01.
The model explained 26% of the variance and the overall
percentage for correct classification for this model was
88.9%. In this model, significant unique effects were evident

26 submit your manuscript

Dove

Neuropsychiatric Disease and Treatment 2021:17


http://www.dovepress.com
http://www.dovepress.com

Dove

Knez et al

for the MPH dose given, gender, and the Qblnattention score
at baseline. The Qblnattention score < 1 at baseline was
associated with increased likelihood of remaining unchanged
or deteriorating. Increasing the dose of MPH was associated
with a small reduction in the likelihood of remaining
unchanged or deteriorating, while males were more likely
than females to exhibit deterioration.

Discussion

The present clinical QbTest study demonstrated that after a
single dose of MPH, almost all CPT parameters, along with
the results from a motion analysis, improved in children and
adolescents with ADHD. This was not the case for the antici-
patory errors included in the Qblmpulsivity parameter.
However, not all QbTest parameters improved to the same
degree and with the same potential clinical importance since
the effect sizes were moderate to large. In general, these
findings mirror the effects of MPH treatment already reported
with regard to the CPT parameters reaction time, reaction time
variability, and response inhibition (for review, see Coghill et
al®). Specifically, our results closely correspond to two pre-
vious studies with the QbTest, which also tested the effects of a
single MPH dose. Vogt and Williams®> demonstrated that
children and adolescents had lower activity and inattention/
impulsivity measures after one MPH dose, but no change in
the anticipatory parameter, the same as in our study. Giinther et
al”’ evaluated short-acting and long-acting MPH over the
course of a day and observed that the parameters for inatten-
tion and hyperactivity significantly decreased in both medica-
tion groups, whereas a decrease in commission errors was only
evident with short-acting MPH. Partially different from our
findings, Dam et al*® showed significant improvement in the
number of omissions, reaction time, correct responses and
activity, without improvement in reaction time variability, the
anticipatory parameter, correct non-responses and commission
errors using the QbTest. Several studies with other CPT tests
have shown slightly different findings from ours; some studies

17719 commis-

1620

have shown improvements in omission errors,

16-18,20,21 16-19

response time, and variability,

6,21

sion errors,
while others reported no changes in omission'®?' or commis-
sion errors. '’

When CPT parameters and a motion analysis of the
QbTest were analyzed collectively as three cardinal para-
meters after MPH intake, the greatest improvement in
children and adolescents was observed for inattention
(85.1% and 91.1%, respectively), following improvements
for activity (71.7% and 76.2%, respectively) and, lastly,
and 44.7%, The

impulsivity  (50.4% respectively).

proportion of children and adolescents in our study that
improved their post-MPH performance is relatively simi-
lar to the results of some other studies. For example,
Ramtvedt et al’® showed that up to 72% of children
diagnosed with ADHD improved after dextroampheta-
mine or MPH use in a six-week trial. In a study that
evaluated the MPH response within 40 days, 84% of
children and adolescents with hyperkinetic disorder had
a robust treatment response with objective measures
reverted to the population mean.>> Nevertheless, the pro-
portion of those who respond to MPH is highly variable.
One study with computerized neuropsychological testing,
including CPT, showed the response rate ranging from
18% to 85% after six weeks of MPH treatment,7 while a
study with a classical CPT showed that 77% of children
with ADHD improved with respect to the number of
omission errors and 55% improved their commission
errors, after MPH.'> Dougherty et al** for example,
reported that 39% of adolescents with ADHD and conduct
disorders experienced a decrease in commission errors in
an acute MPH challenge on a CPT test variant.

Furthermore, our data showed that improvement of one
Qb parameter was not necessarily associated with
improvement of the other two parameters are of specific
importance, since there were children and adolescents who
did not change or even deteriorate in one or all parameters
after MPH, which has also been reported in two previous
studies.'**> The majority (58.6%) of our participants
improved simultaneously on all three parameters or on
inattention and activity parameters together and this pat-
tern was slightly more common among adolescents.
However, among those who had improvement of one
score, about one in ten had deteriorations in the other
two scores. The greatest deteriorations after MPH were
evident for impulsivity among adolescents. Deteriorations
in the impulsivity parameter were evident for more than
one in every fifth adolescent who improved in activity, and
for more than one in every fourth who improved in inat-
tention. However, the deteriorations were more pro-
nounced among adolescent boys than girls, where
impulsivity deteriorated in about every third boy who
improved in activity and/or inattention, which was not
the case among the children. These differences in response
are slightly unexpected, since newer data indicate that
male children and adolescents with ADHD may be more
likely to respond to MPH.** For example, although among
children, it was observed that boys improved more in
commission errors than girls.'®
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Further analyses showed that the higher the levels of
activity, impulsivity, and inattentiveness before MPH
intake, the greater the improvement would be in the
One adult
study reported similar observations, where patients with

respective  ADHD symptom dimensions.

the worst results on the baseline QbTest showed the
greatest improvement on the follow-up test done after
stimulant treatment.*® Greater improvements in activity
were also associated in our study with greater improve-
ments in inattention for both groups, while greater
improvements in impulsivity were associated with
greater improvements in inattention and activity in chil-
dren, but with greater improvements in activity in ado-
lescents. Greater improvements in inattention were
associated with greater improvements in activity and
impulsivity for adolescents. On the contrary, a large
number of children, and even more adolescents, showed
deterioration in impulsivity with simultaneously
improved inattention, as if improved attention leads to
weakened response inhibition among some test
participants.

The above results could be observed through the asso-
ciation between the MPH dose and the performance on the
QbTest parameters, especially the impulsivity and inatten-
tion domain of a CPT variant, although we did not observe
significant associations with the MPH dose and the
improvements in the cardinal parameters. This was most
likely because more than two thirds of our subjects
received 3040 mg of MPH. Nevertheless, our results
showed that the MPH dose given was related to a change
in Qblmpulsivity among adolescents only, and that
increasing the MPH dose was associated with a smaller
reduction in the likelihood of QbImpulsivity remaining
unchanged. Increasing the MPH dose was also associated
with a smaller reduction in the likelihood of QblInattention
remaining unchanged or deteriorating. This result may be
seen in the framework of previous studies which consid-
ered cognitive measures of attention. Among the first,
Konrad et al showed that MPH had differential effects on
attentional functions; while focused attention, alertness
and sustained attention seemed to be improved following
a linear trend, inhibition and set-shifting performance were
enhanced at a low MPH dose but worsened at a moderate
MPH dose.*” Another study showed that while attentional
processing significantly improved on 40 mg of MPH (in
comparison with either placebo or MPH 20 mg), the
impulsivity parameters were higher on a 40 mg MPH

dose than in those on a 20 mg, but not in a placebo

group.** Previous reports also suggest that some CPT
parameters (such as microevents and variability) may
depend on the daily dose of MPH,?° as well as inhibitory
performance may significantly increase with a low dose,
while performance may decrease with a high dose of
stimulants.”’ In addition, our findings could also be seen
through the different dose-response curves for cognitive
and behavioral changes*” and the possibility that different
neurobiological mechanisms underlie the attention and
inhibition systems,*® but especially that the ADHD patho-
physiology reflects an abnormal interchange in large-scale
brain circuits,*” where the precise relationship between
these functions (such as for impulsivity and attention func-
tions) remains incompletely understood.*®

We did not observe any differences in response due to
different ADHD subtypes,
reports.'>*” The heterogeneity in the causes and presenta-
of ADHD,**°
neurotransmitters,” and different cognitive profiles,” may

which confirms previous

tions inter-individual  variability in
be reflected in the variability of the response to MPH
found in our study, although no evidence of differences in
the response to MPH was seen for different clinical
subtypes.'>*" It is speculated that the complex phenomenon
of ADHD hyperactivity stems from deficits in the regula-
tory systems, which may be correctable by MPH to varying
degrees.” The different responses to MPH for impulsivity,
compared with the other two parameters, are particularly
important, as they may reflect the existence of different
impulsivity forms,”' different responses to MPH, as mea-
sured by CPT, due to associated aggressiveness,'* or even
the notion that impulsive aggression may require adjunctive
therapy in addition to primary ADHD therapy.>* Thus, it is
particularly relevant to detect unexpected or idiosyncratic
responses to MPH medication, in order to avoid using
medication in those who may not change, but may be
exposed to unwanted adverse effects, or even deteriorate,
especially with regard to impulsivity. The relationship
between the onset and duration of a stimulant exposure
and cognitive sensitivity to MPH in humans is still not
sufficiently known and needs to be studied further.”

The study’s strength is in the use of data from subjects in a
clinical/naturalistic setting with a large clinical sample and
without exclusion of co-occurring mental conditions (except
established diagnoses of ASD, early onset psychosis, and
intellectual disability). Having the QbTest/QbTest-Plus
results collected over 14 years made it possible to analyze
children and adolescents separately. Nevertheless, the study
has several limitations. Firstly, this is a chart review study
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and, hence, the data reliability could be questioned.
Secondly, there were not enough data on current psychophar-
macological treatment and only a small number of subjects
could be classified as drug-naive. Therefore, it was not pos-
sible to assess the “pure” effects of a single MPH dose.
However, in a similar study, there were no differences
between non-naive and drug-naive responders.”” Different
doses of MPH were also given in our study, without com-
municating the reasoning behind this and with a tendency
that a higher dose was related to a higher BMI. Thus, some
adjustments for BMI were probably made. Information on
the MPH dose is important because it may show that a CPT
measure follows a dose-response relationship that corre-
sponds to treatment rankings.”> For a subgroup of children
there was no information on the type of MPH formulation
given or whether different MPH formulations from different
pharmaceutical companies were used. Among the tested
children and adolescents, the precise time at which the med-
ication was given was also unknown and there were different
time frames between the two assessments. Giinther et al*’
observed that two hours after the initial dose of MPH, inat-
tention and hyperactivity significantly decreased for both
short-acting and long-acting formulations, but a decrease in
commission errors was only evident with short-acting MPH.
In addition, an earlier review showed that the effects of MPH
on omission errors on CPT tests are greater in experiments
using shorter duration of exposure to a stimulus,”* while Vogt
and Williams state that both (short-acting and extended-
release) formulations can be used for objective measure-
ments of the treatment response.”> However, MPH formula-
tions from different manufacturers have different plasma
levels over time and may also have different efficacy.”°
The two-step protocol in these cases also has certain limita-
tions; one being the fact that we are not aware of the actual
activity level for the children/adolescent between the two
tests, or whether nicotine or caffeine was taken between the
test occasions. When CPT is used, these two common sub-
stances must be considered in interpretations of the measure
of attention.”” The other fact is that we cannot neglect pos-
sible improvements in the second test due to the previous test
experience on the same day, to normal circadian fluctuations
or possible contextual, motivational and personality aspects.
In addition, taking the same test after a short time could lead
to a possible learning effect. However, the order of the
stimulus in the QbTest is randomized in order to prevent
practice effects due to multiple consecutive trials.>” The
handedness of the included subjects was not available from
the available documentation and databases, which is another

limitation, since sinistrals may show greater problems in the
than dextrals.>®

Furthermore, the exact diagnostic process and diagnostic

impulsive/hyperactivity domain
criteria that were used in clinical practice were unknown,
and they have probably been changed over time. Although
ADHD is a clinical diagnosis,”® the QbTest results were
probably, in most cases, also available to the clinicians in
the diagnostic process and it is impossible to know whether
this had an impact on the diagnostic decision. The limitations
of our study also lie in the fact that we had a very heterogenic
group of children and adolescents in terms of co-occurring
psychiatric symptoms/diagnoses. On the other hand, this
mirrors the clinical reality, since co-existing psychiatric pro-
blems are the rule rather than the exception in clinical
practice.®® Psychiatric comorbidities often accompany an
ADHD diagnosis,”®' and even in a general population sam-
ple, pure ADHD is rare.®> The most frequent co-existing
psychiatric diagnosis in our sample was anxiety disorder
and depressive episodes. However, present depression and
anxiety symptoms do not seem to affect the clinical assess-
ment of ADHD in adolescents,*® and comorbidity should not
have affected the results.”*’

Besides these limitations, our data may have some
important clinical and practical implications, although
more studies are needed to clarify the cognitive effects
of MPH during the period of adolescence.”® Combining
a CPT and a motion analysis in clinical practice with
self/proxy reports of ADHD symptoms could provide
valuable information about immediate responses to
MPH, which might help tailor future treatments.
However, close monitoring of the therapeutic effects of
MPH and the child’s functionality in real life situation,
will probably not mirror exactly the post-MPH perfor-
mance of children and adolescents with ADHD on the
QbTest, which, admittedly, is more of a laboratory set-
ting. Thus, the results obtained in our study that indicate
marked improvement in the QbTest performance of chil-
dren and adolescents with ADHD after a single MPH
dose, especially with regard to inattention and activity,
should be interpreted with that in mind. Cognitive
improvement on CPT does not necessarily reflect clin-
ical improvement, since for example, no clinical
improvement was evident in more than half of the
children with ADHD who had displayed cognitive
improvement on the CPT.'*> The clinical relevance of
cognitive enhancement by MPH needs to be further
determined; thus, it is important to promote additional
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work aiming to clarify the role of cognitive dysfunctions
in clinical functioning.”?

Conclusions

The QbTest CPT parameters for inattention and motor
activity parameters improved markedly after a single
MPH dose in children and adolescents with ADHD,
while the parameter for impulsivity, commission errors,
changed markedly in children, and to a lesser degree in
adolescents. Although the variability of responses to
MPH was confirmed, every fourth child or adolescent
improved on all three cardinal QbTest parameters, while
improvements in one domain were not necessarily asso-
ciated with other improvements, where impulsivity, in
particular, may deteriorate. The higher the QbTest scores
before MPH intake, the greater the improvement would
be in the respective parameter. However, the likelihood
that one cardinal parameter deteriorates after MPH use
would be greater if that parameter was within the normal
range before medication. If confirmed, these results high-
light the need for optimization and individualization of
the treatment with MPH, while at the same time mon-
itoring all aspects of the ADHD symptomatology based
on the QbTest performance.
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