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Abstract
A polymorphism of the dopamine transporter gene TDALO-repeat) is associated
with ADHD and has been linked to an enhanced resptm methylphenidate (MPH).
One aspect of the attention deficit in ADHD incladesubtle inattention to left space,
resembling that seen after right cerebral hemigptlamage. Since left-sided
inattention in ADHD may resolve when treated witlfPNl we asked whether left-
sided inattention in ADHD was related to DAT1 gemat and the therapeutic
efficacy of MPH. Forty-three ADHD children and thparents were genotyped for
the DAT1 3’ VNTR polymorphism. The children perfaeohthe Landmark Test, a
well-validated measure yielding a spatial atteralasymmetry index (leftward to
rightward attentional bias). Parents rated thieildts response to MPH
retrospectively using a three-point scale (No, Mer# or Very Good Response).
Additionally, parents used a symptom checklistate hehaviour while on and off
medication. A within family control design detemad whether asymmetry indices
predicted biased transmission of 10-repeat par@aadll alleles and/or response to
methylphenidate. It was found that left-sided tievation predicted transmission of the
10-repeat allele from parents to probands and wssscéated with the severity of
ADHD symptomatology. Children rated as achievingeey good response to MPH
displayed left-sided inattention, while those raasdachieving a poorer response did
not. Our results suggest a sub-group of childregh ADHD for whom the 10-repeat
DAT1 allele is associated with left-sided inattenti MPH may be most efficacious

in this group because it ameliorates a DAT1-mediatgpodopaminergic state.
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I ntroduction

Attention deficit hyperactivity disorder (ADHD),@mmon childhood
disruptive disorder affecting 3-6% of school-agbddren worldwide, is
characterised by age inappropriate levels of intitie, hyperactivity and impulsivity.
Family, twin and adoption studies suggest thatikerder is heritable (see Kirley et
al. 2002 for a review). Pharmacogenetic studiesiD suggest that individual
differences in stimulant-response may be relatachtierlying genetic influences
(Kirley et al. 2003; Hamarman et al. 2004). TheréPeat allele of a variable number
of tandem repeats (VNTR) situated in the 3’ untiaesl region of the DAT1 gene
(mapping to 5p15.3) has been associated with thieal ADHD phenotype in a
number of studies (Cook et al. 1995; Gill et alOZ9Daly et al. 1999). This variant
may confer an enhanced therapeutic response to/iple¢midate (MPH) (Kirley et al.
2003) (but see Winsberg and Comings 1999; Romah 2002). Here we ask
whether an attentional endophenotype is related genetic variation in the DAT1
VNTR and b) the therapeutic efficacy of MPH in ADHD

Several lines of converging evidence underscoredieyance of the
dopamine transporter gene to ADHD. First, methgtpdate (MPH) is known to
inhibit the dopamine transporter (Volkow et al. 829 The dopamine transporter is
highly expressed in the human striatum where itegeas the primary means of
dopamine reuptake (Garris and Wightman 1994). shcstudies of both structural
and functional imaging in ADHD have consistentlypimated dopamine-rich
frontostriatal circuits, particularly on the riglm, the pathophysiology of ADHD
(Casey et al. 1997; Vaidya et al. 1998; Teiche.€2000). These abnormalities are
ameliorated by treatment with MPH (Vaidya et al989Teicher et al. 2000). Third,

in-vivo measurement of DAT with single photon emission cotag tomography
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(SPECT) has demonstrated elevated striatal tratespdensities in adults (Dougherty
et al. 1999; Dresel et al. 2000), and children @het al. 2003) with ADHD,
compared to controls. In adults, treatment withHWduces transporter densities to
near normal levels (Dresel et al. 2000; Krausd. &090). Additionallythere is also
evidence that children and adults who are homozydauthe 10-repeat DAT1 may
have higher availability of DAT protein in the stiim, relative to those with the 9-
repeat/10-repeat genotype (Heinz et al. 2000; Cleah 2005).

These lines of evidence have lead to a biologigpbthesis of ADHD under
which the 10-repeat DAT1 allele is thought to beoagated with a greater abundance
of DAT protein, resulting in a relative hypodopasmigia, perhaps particularly within
the striatum (Kirley et al. 2002). According tasthypothesis, treatment with MPH
may be most efficacious in 10-repeat homozygoteauls it normalises DAT density
(Heinz et al. 2000; Kirley et al. 2003). There dakowever, been a number of
studies that have reported a poorer response to MRB-repeat homozygotes, albeit
often in relatively small samples (Rohde et al.20heon et al. 2005).

Recent studies of susceptibility genes for psydiigisorders have
emphasized the utility of quantitative indices &ssessing disease risk, termed
endophenotypes. Endophenotypes are traits that more accuratelyigt dysfunction
in discrete neural systems than conventional dimpbenotypes (Castellanos and
Tannock 2002). A small number of studies have enadhwhether genetic variants
that are thought to confer susceptibility to ADHI2 also associated with cognitive
impairment (Swanson et al. 2000; Manor et al. 20@2; et al. 2003; Langley et al.
2004; Bellgrove et al. 2005). The approach ofiigka genetic risk factor with a
cognitive phenotype has considerable heuristicevdRather than seeking

associations between a gene and a rudimentaryafiigicategory, this approach
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measures the association between a gene andtlysigerationalised and
objectively-measured cognitive process.

In this context we sought to determine whethermpitrenomenon of left-sided
inattention in ADHD, might be related to underlyiDdT1 genotype and the
therapeutic response to MPH. Left-sided inattenpicesents as spatial bias of
attention away from the left side. Left-sided taation arises from dysfunction in
any one of a number of right hemisphere corticedf(pntal, parietal) and subcortical
(striatal, thalamic) components of a distributedraénetwork for spatial attention
(Mesulam 1981). Dysfunction of the right hemispheeévork results in more severe
and long-lasting spatial inattention than equivaleft hemisphere dysfunction
because of the dominance of the right hemispheréh&control of spatial attention:
while right hemisphere networks allocate attentmboth left and right hemi-spaces,
left hemisphere networks do so only for the righmirspace (Mesulam 1981).
Consistent with animal studies that have reportgglatt consequent upon lesions of
the ascending dopaminergic pathways (Ilversen 1&&&tment with dopamine
agonists reduces the extent of neglect in humajestsh(Fleet et al. 1987).

A number of studies have reported the presencteaitional asymmetries in
ADHD using both clinical and experimental measwkattention (Voeller and
Heilman 1988; Carter et al. 1995; Nigg et al. 199¢Donald et al. 1999; Sheppard
et al. 1999). Failure to replicate these effectsdme studies (Wood et al. 1999;
Klimkeit et al. 2003), nevertheless suggests nesydmlogical heterogeneity. Left-
sided inattention has also been reported in thiedpimal mothers of children with
ADHD (Nigg et al. 1997), reinforcing its candidaay an endophenotype. Critically,
there is evidence for normalization of left-sidadttention in ADHD with MPH

(Nigg et al. 1997; Sheppard et al. 1999).
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This study addressed two distinct but related guest First, using a family-
based genetic association design, we asked whett@rtinuous measure of spatial
attentional asymmetry was associated with DAT1 gge Specifically, we first
hypothesised that left-sided inattention would ssoaiated with the 10-repeat DAT1
allele in ADHD. Second, we asked whether the seomtinuous measure of
attentional asymmetry was associated with retrdsperatings of the therapeutic
response achieved by MPH. We hypothesised thefti§ided inattention may serve
as a behavioural assay for a hypodopaminergic sta®®HD, then its existence may
relate to the therapeutic response conferred biayimtenidate.

Materials and Methods

Participants

43 right-handed ADHD participants were recruiteghag of our ongoing
genetic association studies and in accordancethgtiethical guidelines of Trinity
College Dublin and St James’ Hospital, Dublin. D®Xdiagnoses were confirmed
using established diagnostic protocofsom our previously described cohort, ADHD
probands (aged 6-16 years) were offered particdpati the current study. The
current sample is therefore not independent ofpoeviously described cohort (Kirley
et al. 2002; Kirley et al. 2003Exclusion criteria included known neurological
conditions including pervasive developmental disoscand epilepsy. Since Reading
Disorder has been associated with attentional astnes (Facoetti et al. 2001),
participants scoring more than 1 ¥z standard dewiatbelow the mean of the reading
subtest of the Wide Range Achievement Test (WRAW&)e also excluded (Table
1). Stimulant medication was withdrawn at leash@drs prior to the

neuropsychological testing
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Predicting Methyl phenidate (MPH) Response

36 of these children were currently receiving adl irathe past received
treatment with MPH. Ratings of MPH response wdrined from parents in two
ways: First, parents were asked to rate the teetapresponse achieved with MPH
on a three-point scale from “no response” to “merdto “very good”. Second,
parents completed the Conners’ Parent Rating $®alésed: Long Version (CPRS-
R:L)(Conners 1998) twice, retrospectively ratingitrchild’s symptoms while ‘on’
and ‘off MPH. We have previously reported an asation between the 10-repeat
allele of the DAT1 VNTR and the therapeutic resgottsMPH using this rating
system (Kirley et al. 2003).

Testing Attentional Asymmetry: The Landmark Task

In this well validated and brief (5 minutes) tgsrticipants judge which end
of a pre-bisected line looks shorter to them (Fegli. Participants performed 20
trials of the Landmark Task. On 10 of these trihésbisecting line was offset (either
to the right or left) allowing accuracy of judgent®to be determined. On the
remaining 10 trials the horizontal line was bisddtethe middle.

INSERT FIGURE 1 ABOUT HERE

DAT1 Genotyping

DNA was extracted from blood samples or buccakagting the standard
phenol chloroform procedure from both parents &wedXDHD proband in each
family. Primer sequence and amplification condii@an be found elsewhere (Kirley
et al. 2002). Two investigators, who were blindHe identity of the sample,

independently scored all genotypes.
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Satistical analyses

Testing the association between DAT1 genotype #edtional asymmetry

In vitro studies indicate that tHg-repeat allelef the DAT1 VNTR may
increase DAT expression (see Asherson 2004 foevevi For example, Fuke et al
(2001) showed that the 10-repeat allele, relatvila¢ 7- or 9-repeat alleles, increased
gene expression using a reporter system. Mal €002) also reported that mMRNA
levels in human brain and lymphocyte tissue, vawétdd DAT1 VNTR, being higher
in individuals with the 10- versus 9-repeat alleBased upon this evidence of
differential gene expression as a function of VN&IRIes and the low frequency of
individuals homozygous for the non 10-repeat all€less than 5% in the current
sample), we compared the Landmark Asymmetry Indié¢lsose ADHD probands
without the 10-repeat DAT1 allele and those in pessn of one copy of this allele
(designated as Low-Risk DAT1) (n=21), to thoseasgession of two copies of this
allele (designated as High-Risk DAT1) (n=22). Pn@lary analyses revealed that
performance measures were normally distributedtlaekfore parametric tests were
used in statistical comparisons.

Using a family based design and a logistic regossataptation of the
transmission disequilibrium test (LR-TDT) (Waldmetral. 1999), we also used
parental genotype information to examine whetheriindmark Asymmetry Index
predicted biased transmission of high-risk (10-a¢peversus low-risk (other alleles),
parental DAT1 alleles to ADHD probands. This metl®robust against any
population stratification effects.

Testing the association between attentional asymmed response to MPH

Landmark Asymmetry Indices were firstly comparesladunction of

Medication Response Group (None or Mediocre vsy\@wod) using a Univariate
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ANOVA. Secondly, Landmark Asymmetry Indices weoenpared, as a function of
the combination of Medication Response Group and D&enotype (Low-Risk

DAT1 vs. High-Risk DAT1).

Results

Testing the association between DAT1 genotype and attentional asymmetry

When symptomatology was measured dimensionallpjfgignt differences
emerged between the Low- and High-Risk DAT1 ADHBugps in both DSM-IV
Inattentive and Total age-related normative scfirssores), as measured by the
CPRS-R:L (Table 1). Further, Landmark Asymmetnwides correlated positively
with continuous measures of DSM-IV Inattentiven@é$l)=.35,p=0.02) and DSM-
IV Total symptom scores (r(41)=.40,p=0.01) but D&M-I1V
Hyperactivity/Impulsiveness (r(41)=.29,p=0.065)heTdirection of these correlations
suggests that greater symptom severity, partigugith respect to inattentive
symptoms, is associated with left-sided inattention

There was a significant effect of DAT1 genotypeugr@n the Asymmetry
Index[F(1,41)=10.9,p=0.002%%.19 ] that was driven by the right spatial biafs/le
sided inattention of the High-Risk DAT1 ADHD gro(@d= +0.09, SD=.29), in
comparison to the left spatial bias/right-sidedtimation of the Low-Risk DAT1
ADHD (M= -0.17,SD=.23) (Figure 2)Despite the small number of participants not
in possession of a 10-repeat DAT1 allele (n=2);aggjon revealed a parametric
effect of increasing number of 10-repeat DAT1 ake(0,1, or 2) on Landmark
Asymmetry Indices [(F(1,41)=12.23, p=0.00%.21] (see Table 2). This result

suggests an additive effect of possession of theefiat allele.
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INSERT FIGURE 2 ABOUT HERE

A logistic regression model was used to examinethdrehe Landmark
Asymmetry Index predicted preferential transmisbhigh-risk (10-repeat), versus
low-risk (other alleles), parental DAT1 allelesheTcoding of transmitted alleles from
heterozygous parents resulted in 40 informativesirassions. The Landmark
Asymmetry Index significantly predicted biased samssion of high-risk, versus
low-risk, parental DAT1 allelegf(df=1) =7.43,p=0.006, 37% variance explained].
This association was stronger than when using D$Mhattentive §*(df=1)
=3.6,p=0.058], Hyperactive/Impulsivg’[(df=1)=2.5,p=0.115] or Total Symptoms
[ (df=1)=3.6,p=0.059] as continuous predictor variablebusTwhile left-spatial
inattention is related to dimensional measures@HAR symptomatology, the former
is more strongly associated with DAT1 genotype ttienlatter. This result satisfies a
key assumption of the endophenotype approach.

Testing the association between attentional asymmetry and response to MPH

Retrospective ratings of MPH response using theetipoint scale (No
Response vs. Mediocre Response vs. Very Good Respasmre available for 36
children and adolescents with ADHD. 15 of theseigipants were rated as
achieving No Response or a Mediocre Response, ®hilgere rated as achieving a
Very Good Response. There was a significant diffee in the Landmark
Asymmetry Index as a function of Medication Resgo@soup [F(1,34)=5.22,p=0.03,
r’=.11], that was driven by the right spatial bigs#gded inattention of the Very
Good Response group (M=+0.05,SD=0.29), in comparisdhe left spatial
bias/right-sided inattention of the No/Mediocre passe group (M= -0.15,SD=0.19).

Given thea priori prediction that those children achieving a verydjoo

response to MPldnd possessing two “high-risk” 10-repeat DAT1 allelesuld show
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left-sided inattention (right bias) on the Landmadsk, we compared the
performance of this group (High-Risk DAT1/Very GoRdsponse) (n=12) to the
three other Genotype/Medication Response grougsegs Figure 3).

INSERT FIGURE 3 ABOUT HERE

There was a significant effect of DAT1 Genotype/Mation Response Group
on the Landmark Asymmetry Index [F(3,32)=4.12,p2018=.21] (Figure 3). Figure
3 indicates that Asymmetry Indices became incredginght biased as a function of
DAT1 Genotype/ Medication Response Group. As hypsised, the High-Risk
DAT1/Very Good Response group were the only graugisplay left-sided
inattention (M= +.13, SD=.32), with the Low-Risk DA/Mediocre Response Group
showing a leftward bias (M= -.25, SD=.11). Bothk ttow-Risk DAT1/Very Good
Response (M= -.07, SD=.21) and High-Risk DAT1/Med&ooResponse (M= -
04,SD=.21) groupings had small leftward biasedr-Wige comparisons with
Bonferroni corrections revealed that the Asymmétdices of the High-Risk
DAT1/Very Good Response Group and the Low-Risk DAIddiocre Response
Group were significantly different (p<0.01). Ndet pair-wise comparisons were
significant.

Changes in symptom severity when on and off MPHated retrospectively
by parents using the CPRS-R:L, were available 20ABHD participants. The High-
Risk DAT1 ADHD group achieved greater symptom reuuncthan the Low-Risk
DAT1 ADHD group in terms of both DSM-IV Hyperactiepulsive
[F(1,30)=5.289,p=.03%#0.12] and DSM-IV Total symptoms [F(1,30)=4.40, j34)

r’=0.13] but not DSM-IV Inattentive symptoms [F(1,30)99, p=0.169,%=0.06].
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Discussion

This study reports that left-sided inattentionakated to clinical ADHD
symptomatology, the 10-repeat DAT1 allele and bezdpeutic response to MPH. 10-
repeat DAT1 homozygotes displayed left-sided imaithe whereas those possessing
one or no copies of this allele did ndthe greater effect in 10-repeat homozygotes
compared to heterozygotes suggests additive rdtherdominance effects of the 10-
repeat allele.As we hypothesised, left-sided inattention wadaisited with an
enhanced therapeutic response to MPH, irrespectildAT1 status, but was most
pronounced in 10-repeat DAT1 homozygotes who aelievvery good response to
MPH. Our data support the existence of a sub-gadDHD, that is linked to the
10-repeat allele of the DAT1 VNTR, and is defin@dnesymptom terms, by higher
levels of inattentive and total symptomatology (bet Waldman et al. 1998); b) in
neuropsychological terms, by left sided inattenteomd perhaps also poor sustained
attention (Loo et al. 2003); and c) in pharmacogierierms, by an enhanced response
to MPH (Kirley et al. 2003).

Based on the data reported herein and the preyioerglewed literatureywe
propose the following genetic-neurophysiologicathmmnism as part of the
pathophysiology of ADHD. Increased transporter dgr(sr activity) is associated
with the 10-repeat DAT1 allel@r another genetic variant in linkage disequililoni
with the DAT1 VNTR)in ADHD (see Cheon et al. 2005). Overactive tpamters
reduce extracellular dopamine, perhaps particulaitlyin right-hemisphere
attentional networks. The resultant hypo-activatiothin right-hemisphere systems
weakens the attentional bias of the right-hemisphenmasking the attentional bias
of the left-hemisphere thus driving spatial attemtin a rightwards direction

(Kinsbourne 1993). Variation in the DAT1 gene mingrefore confer susceptibility
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to ADHD, in part because of varying effects on deselopment of brain mechanisms
modulating (spatial) attention.

Treatment with MPH may inhibit the transporter toeisig both dopaminergic
balance and the reciprocal balance between sp#titaitional systems. Accordingly,
treatment with MPH may be most effective in thasdividuals with the greatest
transporter densities or activities. In so fattesLandmark Asymmetry Index is able
to act as a behavioural assay for this neural nresim then those ADHD individuals
presenting with left-sided inattention may be mideely to achieve an enhanced
response to MPH. Our data also suggest that kmpthimn DAT1 genotype of an
individual may strengthen this association.

The above model, however, assumes that the DAT1R/Mbdulates
transporter densities asymmetrically in ADHD, tlgixgng rise to the left-sided
inattention reported herein. While there is, as e direct evidence for this
assumption, a number of studies do suggest a ed@tymmetry in transporter
densities. For example, Laakso et al (2000) repdnigher striatal dopamine
transporter binding in healthy subjects within tigint, relative to left, striatum.
Cheon et al (2003) also reported that DAT bindegps within the basal ganglia of
children with ADHD, relative to controls, were eséted by 51% on the right and 40%
on the left. Further, it has recently been denraitest that the beneficial effect of
methylphenidate on attention and impulsivity in ADHs related to a reduction in
the availability of D2/D3 receptors. This reduatio receptor availability is
indicative of a pharmacologically evoked increasextracellular dopamine by
blockade of the transporter that is maximal inrigkt striatum (Rosa-Neto et al.
2005). It should also be noted, however, thatdiselts reported herein could also

arise from an interaction between DAT1 genotypeitmdssociated alteration in
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dopaminergic transmission, and structural and/nctional changes within right-
hemisphere attentional systems (e.g., Castellarms £994; Casey et al. 1997; Bush
et al. 1999; Sowell et al. 2003) that are un-relaceDAT1 genotype.

There are several limitations of this study thauiee comment. First, the
sample size is relatively small for a genetic asdimn study. For example, only 2
probands possessed the 9/9 genatydevertheless, our results are consistent across
analyses focusing on possession and transmissioiglofrisk alleles. While the latter
analysis (logistic regression TDT) sacrifices polwgifocusing on transmissions from
heterozygous parents only, the results were higliglyificant and survive correction
for multiple comparisons. DAT1 genotype accourftedl9% of the variance in the
Landmark Asymmetry Index in the ANOVA-based analysT his effect on spatial
cognition is larger than is typically reported witimctional variants, such as the
COMT Val/Met polymorphism (Egan et al. 2001). Largollaborative studies using
a range of spatial attentional tasks are requoembhfirm and extend our results.
Second, we assessed medication response usingle siom-validated three-point
scale, and collected retrospective parental rativghile these results should be
viewed as preliminary until replicated within a gpective study, it should be noted
that these ratings are unlikely to be biased vatpect to DAT1 genotype. Third, we
have proposed a biological hypothesis of the @tabietween left-sidede inattention,
DAT1 genotype and MPH response in which dysfunctamattentional systems is
centred on the right striatum. While this hypoteés advanced based upon the
known action of stimulants at transporters witlhie striatum, it has recently being
proposed that the beneficial effect of stimulamtsatiention is mediated primarily via
D1 receptors in the prefrontal cortex (Volkow et2001). Given that left-sided

inattention can also arise from right prefrontaidas (Robertson and Marshall 1993),
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we cannot discount the possibility that our beharabresults reflect prefrontal
dysfunction.

In summary, our results show that left-sided gratibn in ADHD is related to
both underlying DAT1 genotype and the therape@sponse conferred by MPH.
Our results are internally consistent in demonisigedin attentional endophenotype
that relates to ADHD symptomatology, DAT1 genotyged the therapeutic efficacy
of MPH. The further study of spatial (in)attentionADHD, in relation to DAT1

genotype, may provide a window into the neurobigloADHD.
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List of Figures

Figurel. TheLandmark Task
Panel [A]: In the Landmark Task, participants presented with a pre-bisected line
and asked which end of the line is the shorteraltdg participants tend to show a
slight bias of attention to tHeft owing to the dominance of the right hemisphere for
spatial judgements. This scenario leads to aivelatattention to the rightwards
extent of the line.
Panel [B]: In patients with right hemisphere lesi@nd left spatial inattention, there
is a bias of attention to thigght that arises whethe dominant attentional orienting
bias of the right hemisphere has been weakenei stanario leads to a relative
inattention to the leftward extent of the line (@&éd area) and the subjective

experience of the left end of the line as the ghmort

Trials on which the left end of the line was nontéthas the shorter were designated
“right-biased”. Trials on which the right end oktline was nominated as the shorter
were designated “left-biased”. A continuous measirspatial bias-the spatial
Asymmetry Index- was calculated asigNbiasedrials- Neftbiasedtrials)/ 20. This
yielded values ranging from —1 (leftward spatiadfiight spatial inattention) to +1

(rightward spatial bias/left spatial inattention).

Figure 2. Mean Landmark Asymmetry Indices asafunction of ADHD
DAT1 Genotype Group.

The performance accuracy of the groups on the Lankltask was firstly
compared using those trials on which the midpadirthe line was offset. Accuracy

was high across both groups (Mean Accuracies>73fbhat significantly different
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between the ADHD DAT1 genotype groups [F(1,41)=(p50.45].

Figure 3. Mean Landmark Asymmetry Indices as afunction of ADHD
DAT1 Genotype Group and Medication Response Group.
Significant differences existed between the HigekRDAT1/Very Good

Response and Low-Risk DAT1/Mediocre Response groups
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Table 1. Clinical Characteristics of the ADHD sample.

[A] IQ was estimated using a four subtest shortrfaf the WISC-11I, comprising Picture Completionférmation, Block Design and Vocabulary. 1Qs weog
available for 2 participants. [B] Reading and 8pglwas assessed using the Wide Range Achievefeshi{WRAT). Reported scores as the standard séoreach of
these subtests. [C] Clinical symptomatology waesssd dimensionally using the Conners’ Parent B&aale-Revised: Long Version. Reported valuesigeerelated
normative scores (t-scores) for DSM-1V Inattentiblyperactive/Impulsive and Total symptomatologyoi®s on other dimensions are available from thiecas. [D]
Symptom severity when medicated and un-medicatexrataospectively rated by parents using the CPRS-Reported values are the change in age-refatedative

scores (t-scores) for DSM-IV Inattention, Hypereetimpulsive and Total symptomatology.

ADHD DAT1 Genotype Group Associated significance test

L ow-Risk DAT1 ADHD (n=21) High-Risk DAT1 ADHD (n=22)
Gender 19 (90%) 18 (82%) ¥’ (df})=0.67, p=0.41
No. Male (%)
ADHD-Combined Type 17 (81%) 16 (73%) ¥%(dfy)=0.41,p=0.52
ADHD- Inattentive Type 3 (14%) 4 (18%) v?(df)=0.12,p=0.73
ADHD- 1 (5%) 2 (9%) v%(df;)=0.31,p=0.58
Hyperactive/l mpulsive Type

Mean (SD) Mean (SD)
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Age 12.2 (2.7) 12.2 (2.1) F(1,41)=0.01, p=0.92
1Q " 101.7 (13) 99 (12) F(1,39)=0.48, p=0.49
WRAT Reading Standard 96 (13) 96 (10) F(1,41)=0.00,p=.95
Scorel®

WRAT Spelling Standard 96 (18) 92 (10) F(1,41)=.76,p=.39
Score

DSM-IV Inattention [©! 72.1(9.4) 77 (6.4) F(1,39)=4.66, p=0.04*
DSM-1V 76.3 (12.9) 82.3 (9.8) F(1,39)=2.86, p=0.09
Hyperactive/l mpulsive

DSM-1V Total 75.9 (10.9) 82.2 (5.8) F(1,39)=5.65, p=0.02*
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Table2. Mean (SD) Landmark Asymmetry Index as a function of DAT1 alleles.

[A] One subject possessed an 11-repeat (520bp) allele and one subject possessed arare 400bp allele

9/9 10 /other allele™ 10/10
(n=2) (n=19) (n=22)
Mean (SD) Mean (SD) Mean (SD)
Landmark Asymmetry I ndex -0.35 (0.07) -0.15 (0.23) +0.09 (0.29)

Bellgrove et al 29



Bellgrove et al

Genes, attention and methylphenidate response HIAD

3C



