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Objective: Studies to reduce the heterogeneity of attention-deficit/hyperactivity disorder (ADHD) have
increased interest in the concept of sluggish cognitive tempo (SCT). The aim of this study was
to investigate if the prevalence of two variable-number tandem repeats (VNTRs) located within the
3'-untranslated region of the DATT gene and in exon 3 of the dopamine D4 receptor (DRD4) gene
differ among four groups (31 subjects with SCT but no ADHD, 146 individuals with ADHD but no SCT,
67 subjects with SCT + ADHD, and 92 healthy controls).

Methods: We compared the sociodemographic profiles, neurocognitive domains, and prevalence of
two VNTRs in SCT and ADHD subjects versus typically developing (TD) controls.

Results: The SCT without ADHD group had a higher proportion of females and lower parental
educational attainment. Subjects in this group performed worse on neuropsychological tests, except
for psychomotor speed and commission errors, compared to controls. However, the ADHD without
SCT group performed significantly worse on all neuropsychological domains than controls. We found
that 4R homozygosity for the DRD4 gene was most prevalent in the ADHD without SCT group. The
SCT without ADHD group had the highest 7R allele frequency, differing significantly from the ADHD
without SCT group.

Conclusion: The 7R allele of DRD4 gene was found to be significantly more prevalent in SCT cases
than in ADHD cases. No substantial neuropsychological differences were found between SCT and
ADHD subijects.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a multi-
factorial, polygenic disease. Although the etiology and
pathogenesis of ADHD are not fully understood, studies
have shown that the heritabilty of ADHD is about
77-88%." Up to now, gene variants associated with the
diagnosis of ADHD have explained only a very small part
of the pathogenesis. Many different biological pathways
have been investigated to identify a biomarker for ADHD.
The dopaminergic pathway has been most studied in
this approach, and is known to be associated with the
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diagnosis and symptoms of ADHD.? For the dopaminergic
pathway, variants in dopamine transporter (DAT1, SLC6A3)
and dopamine D4 receptor (DRD4) genes have been shown
as the best candidates related to neuropsychological tasks
and methylphenidate response.®

The most frequently studied variable-number tandem
repeats (VNTR) in the DATT gene consists of 40 base
pairs (bp) in the 3'-untranslated region (3’ UTR). Studies
have found that the 10R allele of DATT1 is associated with
impaired performance of neurocognitive tests, increases
DAT protein density in the basal ganglia, and decreases
the amount of dopamine in the synaptic cleft, especially in
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ADHD subjects.*® Also, pharmacogenetic studies have
shown that 10R homozygosity was associated with reduced
response to methylphenidate treatment.”

Another important candidate biomarker for ADHD is
DRD4. This gene is highly expressed in regions such as
the anterior cingulate cortex, which is known to be asso-
ciated with attention and inhibitory behavior of the brain.®
There is a highly polymorphic functional VNTR in DRDA4,
consisting of 48 bp in exon 3, which is frequently studied
in ADHD. Different DRD4 genotypes have been shown
to be associated with differential treatment response in
pharmacogenetic studies. It has been suggested that
the 7R allele can encode a defective dopamine receptor
gene, thus reducing treatment response. In addition, some
previous reports suggest that ADHD subjects with the 7R
allele may even constitute a subgroup with different
characteristics.8°

A consortium of ADHD researchers conducted a
genome-wide association study (GWAS) of 12 studies
including 20,183 cases diagnosed with ADHD and
35,191 healthy controls.’® As its name implies, a GWAS
examines the entire genome to find common DNA variants
by scanning thousands or even millions of single nucleotide
polymorphisms (SNPs)."" In this GWAS, variants surpass-
ing genome-wide significance were described in 12 inde-
pendent loci, but the DAT1 and DRD4 genes, pointed out in
previous case-control research, were not associated with
ADHD in this study. Nevertheless, it is important to keep
in mind that the structure of a VNTR causes technical
problems during SNP genotyping in array platforms, which
complicates scoring of the number of repeats present.'?

Discovery of disease-specific biomarkers has proved
particularly elusive in psychiatric disorders. A key reason
for this is the heterogeneous nature of psychiatric dis-
orders, with multiple subtypes and protean clinical mani-
festations, even in patients with the same diagnosis.
There is a clear need for studies to reduce phenotypic
heterogeneity. One promising area of research for reduc-
ing such heterogeneity specifically in ADHD focuses
on the concept of sluggish cognitive tempo (SCT). Some
investigators claim that SCT might be an independent
phenotype from ADHD, and that symptoms of this poten-
tial new diagnosis might be erroneously placed under the
diagnostic umbrella of ADHD."'® Especially since 2010,
studies have revealed different features of SCT in terms
of sociodemographic characteristics, neuropsychological
findings, symptom features, comorbidities, and treatment
response.’®

SCT is characterized by daydreaming, mental confu-
sion, staring blankly, and hypoactivity. The prevalence of
SCT was reported at around 11% in an epidemiological
study in children.' The most important finding of the large
number of studies in this area is that SCT seems to be
not a subtype of ADHD, but a separate disorder that is
frequently associated with ADHD."®'” Also, some inves-
tigators suggest that SCT might be a second inattention
disorder, which might be named ‘“concentration deficit
disorder.”’ SCT and ADHD might even affected by
different attention pathways. There are only two published
neuroimaging studies investigating SCT symptoms. In the
first study, higher SCT symptoms were associated with
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hypoactivity in the left superior parietal lobe, while higher
inattention symptoms were associated with altered activity
in the supplementary motor area and thalamus on cognitive
control-related functional magnetic resonance imaging
(fMRI)."® The second study found that subjects with SCT
symptoms had increased frontal-lobe volume and less
segregation in the two major networks (posterior cingulate
cortex and dorsal frontal region).'® However, we are not
aware of any genetic study comparing SCT and ADHD
subjects to understand potential different etiologic path-
ways, except for a twin study which detected SCT
symptoms as less heritable than ADHD symptoms.?°

The main aim of this study was to investigate the pre-
valence of two VNTRs (located within the 3' UTR region of
DAT1 and in exon 3 of DRD4) and neuropsychological
findings among four groups: SCT without ADHD, ADHD
without SCT, SCT + ADHD, and typically developing
(TD) controls.

Methods
Subjects

Patients were screened with the SCT-Child Behavior
Checklist (CBCL) in the outpatient clinic of the child and
adolescent psychiatry department of Ege University,
Turkey. After the screening procedure, 31 SCT without
ADHD, 67 SCT + ADHD, 146 ADHD without SCT, and
92 TD subjects were included in this study.

The inclusion criteria were: 1) age between 6 and 15
years; 2) living in family home and attending regular
school; 3) no intellectual disability at the clinical level;
4) no neurological disease; 5) no substance-alcohol use
disorder; and 6) no history of perinatal complications or
head trauma. The inclusion criteria for the TD group were
the same, except that absence of ADHD and SCT was
required.

Diagnostic procedures

Screening for possible SCT symptoms was applied to all
children referred to the outpatient clinic of the child and
adolescent psychiatry department. For this screening
procedure, parents were asked to score four SCT items
from the CBCL (confused/seems in a fog, daydreams,
stares blankly, and underactive). Subsequently, a child
and adolescent psychiatrist interviewed the parents and
children to assess SCT and ADHD diagnoses using
standard diagnostic procedures and DSM-IV criteria.?" At
the same evaluation, parents completed the Barkley Child
Attention Survey (BCAS), CBCL, and the Attention-Deficit/
Hyperactivity Disorder Rating Scale-IV (ADHD-RS-1V). All
diagnostic procedures are described in Figure 1.

Instruments

The CBCL is a standardized parent-report questionnaire
designed by Achenbach to assess emotional and beha-
vioral problems and social competencies in children. It has
good validity and reliability.?> The CBCL has eight sub-
scales (withdrawn, somatic complaints, anxiety/depression,
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Children aged between 6-15 years assessed
in a child and adolescent psychiatry outpatient clinic,

Ethics committee

in Ege University, Turkey

<

l

Evaluation of SCT-CBCL

l

Clinical interview

l

BCAS for SCT

l

ADHD-RS-IV and CBCL

l

Obtaining written informed consent
from the family

l

Application of a CNSVS to evaluate
cognitive performance of the patients

!

2 cc of peripheral blood samples
taken into the EDTA tubes

l

DATT1 (40 bp repeat region in the 3' UTR region) and
DRD4 (48 bp repeat region in the exon 3) genes
were genotyped in all cases and healthy controls

Figure 1 Flow diagram of study design and diagnostic procedures. ADHD-RS-IV = Attention-Deficit/Hyperactivity Disorder
Rating Scale-IV; BCAS = Barkley’s Child Attention Survey; bp = base pair; CNSVS = Computerized Neurocognitive
Assessment - Vital Signs; SCT = sluggish cognitive tempo; SCT-CBCL = Sluggish Cognitive Tempo-Child Behavior Checklist.

thought problems, attention problems, social problems,
aggressive behavior, and delinquent behavior) and two
broad domains: internalizing and externalizing problems.
Back-translation, bilingual retest assessment, and a pretest
field study were done for the CBCL-Turkish form.?®

The ADHD-RS-IV?* is an 18-item questionnaire based
on the diagnostic criteria for ADHD, as described in the
DSM-IV. The ADHD-RS-IV provides inattention and
hyperactivity-impulsivity scores, as well as a total score.
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Scores are calculated by assigning a severity estimate to
each symptom on a four-point Likert-type scale (0 = not at
all; 1 = just a little; 2 = much; and 3 = very much). Ratings
of much and very much for each item were considered
positive, as done in other similar investigations. The
ADHD-RS-IV has shown adequate criterion validity and
good reliability in different cultures, both for parent and
teacher reports.?*?> We used the version translated
and adapted into Turkish.?®



The BCAS?” is a 12-item questionnaire that measures
SCT symptoms. The symptoms are scored on a four-point
Likert-type scale ranging from 1 = never or rarely to 4 =
very often; the score should refer to the frequency of each
item in the past 6 months. Reliability and validity of this
scale were determined in North American children.?”
Internal consistency (Cronbach’s alpha) of the 12 items
was 0.934. Test-retest reliability was r = 0.84. Translation
into Turkish and back-translation were done by the authors
of the present study according to standard procedures. The
reliability and validity of the BCAS have been tested in
Turkish children, and the internal consistency (Cronbach’s
alpha) of the 12 items was 0.86.%3

The Computerized Neurocognitive Assessment — Vital
Signs (CNSVS) brief clinical evaluation battery consists of
seven tests: verbal and visual memory, finger tapping,
symbol digit coding, the Stroop test, a test of shifting
attention, and the continuous performance test. The
seven tests generate 17 primary scores and five domain
scores. These domain scores are memory (derived from
verbal and visual memory), psychomotor speed (from
finger tapping and symbol-digit coding), reaction time
(Stroop test), cognitive flexibility (Stroop test and shifting
attention test), and complex attention (Stroop test, shifting
attention test, and continuous performance test). Domain
scores are generated as raw scores and then computed
as standard scores for age. Standard scores have a mean
of 100, which represents the 50th percentile, and a
standard deviation (SD) of 15. For standard scores,
higher is always better (e.g., a lower standard score in
the reaction time domain represents a slower response).
A Neurocognition Index (NCI) is also computed, repre-
senting the mean of the five domain scores. We also
present findings for the Continuous Performance Test
(CPT) scores separately. In this case, higher scores mean
better performance for correct responses and taps; for
errors and reaction times, lower scores are better (for more
details on the tests, see Gualtieri & Johnson®®).

Genotyping

Genomic DNA was extracted from saliva or peripheral
blood samples. Samples from all subjects were geno-
typed by a researcher who was blind to subjects’
diagnoses. Genotyping of DRD4 and DAT1 was per-
formed according to standard laboratory protocols.
Briefly, DNA was extracted from saliva following manu-
facturer instructions (High Pure PCR Template Prepara-
tion Kit, Roche) or from peripheral blood leukocytes using
a commercial kit (EZ1 DNA Blood Kit, Qiagen, Hilden,
Germany). The resulting DNAs were stored at -20 °C and
the concentration measured in a Nanodrop ND-1000
spectrophotometer.

The PCR reactions for DRD4 gene (48 bp VNTR
polymorphism in exon 3) contained 0.5 pM forward primer
(5-GCGACTACGTGGTCTACTCG-3), 0.5 pM reverse
primer (5-AGGACCCTCATGGCCTTG-3'), 200 uM of
each deoxyribonucleotide triphosphate (dNTP) (deoxy-
guanosine triphosphate [dGTP] used as 100 uM dGTP
and 100 uM deaza-GTP), 2.5 mM magnesium chloride
(MgCly), 0.25 units TagDNA polymerase (GeneDireX
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MB-101), and 50 ng DNA template in a total volume of
25 uL. PCR conditions for the DRD4 gene were as
follows: initial denaturation at 95 °C for 15 min, 40 cycles
of 1 min denaturation at 94 °C, 1 min annealing at 55 °C,
1 min extension at 72 °C, and one final extension of 10 min
at 72 °C. The PCR reactions for DAT? (40 bp VNTR poly-
morphism in 3 UTR) contained 0.5 pM forward primer
(5’-TGTGGTGTAGGGAACGGCCTGAG-3), 0.5 uM rev-
erse primer (5-CTTCCTGGAGGTCACGGCTCAAGG-3'),
200 pM dNTPs, 2.5 mM MgCl,, TagDNA polymerase
(GeneDireX MB-101), and 50 ng DNA template in a total
volume of 25 uL. PCR conditions for DAT1 were as follows:
initial denaturation at 94 °C for 5 min, 35 cycles of 20 s
denaturation at 94 °C, 30 s annealing at 57 °C, 20 s
extension at 72 °C, and one final extension of 5 min at
72 °C. All PCR reactions were carried out in a SimpliAmp
thermal cycler (Applied Biosystems). The PCR products
were then electrophoresed on a 2% agarose gel. Ethidium
bromide was used for dying gels, which were then
screened for genotyping.

Statistical analyses

Quantitative data were reported as mean = SD, while
qualitative data were reported as observed frequencies and
percentages. The Shapiro-Wilk test was used to verify the
assumption of normality in groups and, according to the
results, suitable parametric or nonparametric statistical
tests were performed. Analysis of variance (ANOVA) or the
Kruskal-Wallis test (nonparametric alternative) were used
to compare study groups in a quantitative variable. If the
Kruskal-Wallis test was statistically significant, Dunn’s test
was performed for pairwise multiple comparisons with
Bonferroni correction. The chi-square method was applied
to test for association between qualitative variables. When
the result of the chi-square test was found significant for
r x ctables, Bonferroni correction was used to control the
familywise error rate in multiple comparisons. For the effect
size, Cohen’s wwas calculated with the formula w = /%2 /N.

Hardy-Weinberg equilibrium was analyzed for the
DRD4 gene with eight observed alleles (2R, 3R, 4R,
5R, 6R, 7R, 8R, 9R) and their 36 possible genotypes, and
likewise for DAT1 with six observed alleles (7R, 8R, 9R,
10R, 11R, 12R) and their 21 possible genotypes. The full
set of alleles was not observed in each group; therefore,
equilibrium was tested in each group separately with an
exact test by using web-based R software (version 3.5.2;
package: HardyWeinberg; function: HWPerm.mult).3%%"

All other statistical analyses were performed in IBM
SPSS version 25.0. The level of significance was set
at 0.05.

Ethics statement

The ethics committee of Ege University approved the
study protocol (protocol 16-5.2/2, 27 July 2016). All
parents provided written informed consent.

Results

We compared the sociodemographic profiles, neurocog-
nitive test performance, and genotypes our 31 subjects
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with SCT but no ADHD, 67 subjects with SCT and
ADHD, 146 subjects with ADHD but no SCT, and 92 TD
controls.

The sociodemographic variables of interest were age,
gender, and parental education (Table 1). There was no
statistically significant difference in mean age between
groups, as determined by one-way ANOVA (p = 0.917).
The female/male ratio was 1 for the SCT without ADHD
group, 0.42 for the SCT + ADHD group, 0.26 for the
ADHD without SCT group, and 0.76 for the TD group.
We detected a significantly higher female prevalence in
the SCT without ADHD group (p < 0.001). There were
significant differences regarding paternal and maternal
education across the groups (p < 0.001 and p = 0.002,
respectively); namely, parents of participants in the SCT
without ADHD and SCT + ADHD groups had lower
educational attainment than those in the ADHD without
SCT and TD groups.

In terms of neuropsychological test performance, the
SCT without ADHD, SCT + ADHD, and ADHD without
SCT groups scored significantly lower than the TD group
on NCI, memory, reaction time, cognitive flexibility, com-
plex attention, and omission errors (Table 2). Although
both the ADHD without SCT and SCT + ADHD groups
had lower scores on psychomotor speed and commission
errors than controls, the SCT without ADHD group did
not differ in these two indexes compared to TD controls
(Table 2).

Hardy-Weinberg equilibrium for the DRD4 gene was
found in the SCT without ADHD and SCT + ADHD
groups (p = 0.422 and p = 0.477, respectively). On the
other hand, in the ADHD without SCT and TD groups,
disequilibrium was found (p < 0.001 and p < 0.001,
respectively). The DAT1 gene was also in Hardy-Wein-
berg equilibrium in the SCT without ADHD and SCT +
ADHD groups (p = 0.627 and p = 0.323, respectively),

Table 1 Distribution of age, gender, and parental education among groups

Sociodemographic characteristics SCT w/o ADHD (n=31) SCT + ADHD (n=67) ADHD w/o SCT (n=146)  TD (n=92) p-value
Age, years (mean = SD) 10.39+2.48 10.66+2.37 10.64+1.93 10.66+1.89 0.917
Gender (female/male) 16/15 20/47 31/115 40/52 < 0.001
Maternal education 0.002*

No education 0 (0.0) 2 (3.1) 0 (0.0) 1(1.1)

Primary 15 (48.4) 27 (42.2) 45 (30.8) 34 (37.0)

Secondary 10 (32.3) 21 (32.8) 37 (25.3) 13 (14.1)

Higher 6 (19.4) 14 (19.4) 64 (43.8) 44 (47.8)
Paternal education

No education 0 (0.0) 0 (0.0) 0 (0.0) 1(1.1) 0.001*

Primary 14 (45.2) 27 (42.9) 38 (26.0) 22 (23.9)

Secondary 11 (35.5) 22 (34.9) 34 (23.3) 21 (22.8)

Higher 6 (19.4) 14 (22.2) 74 (50.7) 48 (52.2)

Data presented as n (%), unless otherwise specified.
ADHD = attention-deficit/hyperactivity disorder; SCT = sluggish cognitive tempo; SD = standard deviation; TD = typically developing controls;

w/o = without.

* No parental education level was excluded from the analysis.

Table 2 Neuropsychological assessment (Computerized Neurocognitive Assessment and Continuous Performance Test)

scores of the groups

SCT w/o ADHD SCT + ADHD ADHD w/o SCT D
Neuropsychological findings (n=31) (n=67) (n=146) (n=92) p-value Group comparisons
CNSVS domain score
Neurocognition Index 83.1+12.5 79.2+13.8 81.2+11.6 98.3+12.8 < 0.001 All groups < TD
Total memory score 81.9+26.0 81.9+25.2 84.9+21.4 96.7+-18.1 < 0.001 All groups < TD
Psychomotor speed score 92.8+11.7 89.4+12.5 84.7£17.5 102.6x18.5 < 0.001 ADHD w/o SCT and
SCT + ADHD < TD
Reaction time score 70.1x17.7 73.4+24.5 73.5x25.1 82.9+33.3 < 0.001 All groups < TD
Complex attention score 85.7+x17.4 70.6+£32.7 77.6+20.0 104.2+13.5 < 0.001 All groups < TD
Cognitive flexibility score 84.1+:19.4 79.3+14.8 85.4+13.1 105.2+17.5 < 0.001 All groups < TD
CPT
Correct hits 37.6+2.4 37.4%3 35.8+4.5 39.2+1 < 0.001 All groups < TD
Omission errors 2.3*+24 2.5*+3 3.9+3.9 0.7+1.9 < 0.001 TD < All groups
Commission errors 3.7+4.8 7.4+12.3 5.9+7.5 1.5+x1.6 < 0.001 TD < All groups
Reaction time score 590.2+168.1 579.2+90.3 527.7+85.4 477+76.5 < 0.001 TD < All groups ADHD w/o
SCT < SCT + ADHD
Test time 28.1+2.8 27.8+2.6 26.6+2.0 23.3+1.6 < 0.001 TD < All groups

Data presented as mean = standard deviation.

ADHD = attention-deficit/hyperactivity disorder; CNSVS = Computerized Neurocognitive Assessment - Vital Signs; CPT = Continuous
Performance Test; SCT = sluggish cognitive tempo; TD = typically developing controls; w/o = without.
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Table 3 Distribution of allele repeat numbers of the 40-bp VNTR in the DAT1 3’ UTR and 48-bp VNTR region in exon 3 of

DRD4
SCT w/o ADHD SCT + ADHD  ADHD w/o SCT TD Cohen’s w Group
Genetics findings (n=31) (n=67) (n=146) (n=92) p-value index comparisons
DRD4 genotype
At least one 7R allele 9 (29) 15 (22.4) 14 (9.6) 14 (15.2) 0.014 0.178 ADHD < SCT
4R/4R 15 (48.4) 37 (55.2) 97 (66.4) 44 (47.8)  0.023 0.168 TD < ADHD
DAT1 genotype
10R homozygosity 19 (61.3) 35 (52.2) 77 (52.7) 33(35.9) 0.025 0.167 None

Data are presented as n (%).

ADHD = attention-deficit/hyperactivity disorder; bp = base pair; DAT1 = dopamine transporter gene; DRD4 = dopamine D4 receptor
gene; SCT = sluggish cognitive tempo; TD = typically developing controls; UTR = untranslated region; VNTR = variable-number tandem

repeats.

whereas equilibrium did not hold in the ADHD and TD
groups ( p < 0.001 and p = 0.002, respectively).

DAT1 and DRD4 genotypes differed significantly
across groups (p = 0.025, p = 0.023, and p = 0.014 with
medium effect sizes) (Table 3). The prevalence of 10R
homozygosity for the DAT1 gene was 61.3% in the SCT
without ADHD group, 52.7% in the SCT + ADHD group,
52.2% in the ADHD without SCT group, and 35.9% in the
TD group.

The prevalence of 4R homozygosity for the DRD4 gene
was 48.4% in the SCT without ADHD group, 55.2% in
the SCT + ADHD group, 66.4% in the ADHD without
SCT group, and 47.8% in the TD group. The only
significant difference was between the ADHD without
SCT and TD groups (p = 0.024, w = 0.184, medium
effect size). The prevalence of the seven-repeat allele
for the DRD4 gene across groups was 29% in the SCT
without ADHD group, 22.4% in the SCT + ADHD group,
9.6% in the ADHD without SCT group, and 15.2% in the
TD group. The SCT without ADHD group had a sig-
nificantly higher prevalence of this allele than the ADHD
without SCT group (p = 0.018, w = 0.220, medium effect
size) (Table 3).

Discussion

This study compared the sociodemographic profiles,
neurocognitive test performance, and genotypes of four
groups of children and adolescents (SCT without ADHD,
SCT + ADHD, ADHD without SCT, and TD controls).
The SCT without ADHD group had a higher proportion of
females and lower parental education compared to the
ADHD without SCT group. SCT without ADHD subjects
underperformed on neuropsychological tests (except for
psychomotor speed and commission errors) compared to
TD controls, and had the highest prevalence of the 7R
allele for the DRD4 gene. However, the ADHD without
SCT group performed significantly worse on all neurop-
sychological domains compared to TD controls.

The sociodemographic findings of the present study are
in same line with those of an epidemiological study
conducted by Barkley.?” In this previous study, the ADHD
group included higher proportion of male children than the
SCT group, and SCT subjects had lower socioeconomic
status and parental education. Parental education for
ADHD subjects was similar to that of TD controls.

Although both the ADHD without SCT and SCT +
ADHD groups scored lower on psychomotor speed and
commission errors than controls, the SCT without ADHD
group did not differ in these two indexes when compared
to TD controls. It is important to note that previous studies
were unable to find an association between SCT symptoms
and psychomotor speed.®*3* Psychomotor speed deficits
are more likely to be related to inattention symptoms.

When the distribution of allele repeat numbers of the
40-bp VNTR in the DAT1 3 UTR was examined, 10R
homozygosity was most prevalent in the SCT without
ADHD group, with a rate of 61.3%. There was no sig-
nificant difference between the SCT and ADHD groups.
The 10R/10R genotype has been identified as a risk
factor in children with ADHD, whereas the 9R/10R geno-
type has been identified as a risk factor in adult ADHD
subjects.®® In a meta-analysis of adults diagnosed with
ADHD, an association was found with the 9R allele.
However, this trend disappeared after Bonferroni correc-
tion.*® 10R homozygosity has been shown to increase
DAT protein concentrations in the basal ganglia and to
decrease the amount of dopamine in the synaptic range in
ADHD.* Pharmacogenetic studies have shown that 10R
homozygosity is associated with a reduced response to
methylphenidate treatment.”

When we examined the distribution of allele repeat
numbers of the 48-bp VNTR region in exon 3 of DRD4, we
found that 4R homozygosity was most prevalent in the
ADHD without SCT group, followed by the SCT + ADHD
group. SCT without ADHD group had the highest 7R
allele frequency (significantly different from the ADHD
without SCT group). A review of pharmacogenetic studies
and meta-analyses shows that the 4R/4R genotype is
associated with increased methylphenidate treatment
response in ADHD subjects compared to the 7R
allele.”3”38 On the other hand, the 7R allele is associated
with decreased methylphenidate response, and it has been
suggested that the 7R allele may constitute a protein
product associated with reduced stimulation of intracellular
signaling mechanisms.*®

In addition to these previous studies, a meta-analysis of
36 studies (3,647 children) was conducted to investigate
predictors of response to methylphenidate therapy. This
meta-analysis found a significant relationship between
methylphenidate response and two variants: a 10-repeat
VNTR in DAT1 and a four-repeat VNTR in DRDA.
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Children with 4R homozygosity for the DRD4 gene
presented a 66% increase in the odds of methylphenidate
response. Conversely, the 7R allele was not significantly
related to methylphenidate response.*°

In addition to treatment response, the DRD4 gene has
also been reported to play an important role in treatment-
related side effects. In a previous study investigating
preschool-age children receiving ADHD medication, the
authors reported that carriers of the 7R allele showed a
higher risk of side effects. It has since been argued that
ADHD carrying the 7R allele may constitute a subgroup
with distinct characteristics.®*4' Although associations
between methylphenidate response and DRD4 and DAT1
were reported in the studies described above, there are
also contrasting results. Some studies found negative
associations between response to methylphenidate and
genes involved in the dopaminergic and serotonergic
systems.*?*> We might speculate whether the symp-
toms of SCT may be associated with a defective DRD4
product encoded by the 7R allele, which would determine
a reduced response to methylphenidate, as indicated in
the literature. This specific subgroup of ADHD subjects
carrying the 7R allele, as suggested by some investigators,
may be the SCT population. Therefore, future pharmaco-
genetic studies of ADHD are advised to investigate SCT
symptoms as well.

In line with our hypothesis, studies have shown that
patients with SCT symptoms are unresponsive to meth-
ylphenidate treatment, but respond better to atomoxe-
tine.2”*445 This decreased response of SCT symptoms to
methylphenidate might be explained by presence of the
7R allele for DRDA.

Although there is a wealth of information about SCT
and how it differs from ADHD in the clinical setting, there
is still relatively little research on etiological factors.
Barkley suggested that SCT should be both renamed
“concentration deficit disorder” and considered as a
second inattention disorder.'® Future research should
seek to elucidate neurobiological pathways in SCT and the
genes and neurotransmitters involved in these pathways.

Our study was the first to investigate VNTRs in the
DAT1 and DRD4 genes and their potential association
with SCT symptoms. However, our findings should be
interpreted in the context of some limitations. Previous
studies derived SCT subjects from ADHD samples; we
aimed to investigate subjects with pure SCT instead.
However, as these subjects were relatively hard to find,
the SCT without ADHD group was smaller than the ADHD
without SCT group. Some of our results might reflect
an effect of the smaller sample size of the SCT without
ADHD group. Furthermore, we suggested that reduced
methylphenidate response in SCT without ADHD sub-
jects may be caused by presence of the 7R allele for the
DRD4 gene, based on the existing literature. However,
pharmacogenomics studies are needed to demonstrate
this association directly.
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