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Abstract

Background: Attention-Deficit/Hyperactivity Disorder (ADHD) is a heterogeneous disorder
from both clinical and pathogenic viewpoints. Executive function deficits are considered among the
most important pathogenic pathways leading to ADHD and may index part of the heterogeneity in
this disorder.

Methods: To investigate the relationship between the dopamine transporter gene (SLC6A3) 3'-
UTR VNTR genotypes and executive function in children with ADHD, 196 children diagnosed with
ADHD were sequentially recruited, genotyped, and tested using a battery of three
neuropsychological tests aimed at assessing the different aspects of executive functioning.

Results: Taking into account a correction for multiple comparisons, the main finding of this study
is a significant genotype effect on performances on the Tower of London (F = 6.902, p = 0.009) and
on the Woechsler Intelligence Scale for Children, Third Edition (WISC-Ill) Freedom From
Distractibility Index (F = 7.125, p = 0.008), as well as strong trends on Self Ordered Pointing Task
error scores (F = 4,996 p = 0.026) and WISC-III Digit Span performance (F = 6.28, p = 0.023).
Children with the 9/10 genotype exhibited, on average, a poorer performance on all four measures
compared to children with the 10/10 genotype. No effect of genotype on Wisconsin Card Sorting
Test measures of performance was detected.

Conclusion: Results are compatible with the view that SLC6A3 genotype may modulate
components of executive function performance in children with ADHD.
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Background

ADHD is a heterogeneous disorder characterized by age-
inappropriate inattention, motor activity, and/or impulse
control. Its high prevalence in school-aged children (8 to
12%) [1] in combination with its significant negative
impact on school and social adjustment as well as family
wellbeing make it one of the most important public
health problems in the child population. Multiple risk
factors interact to increase liability to ADHD [2]. While
environmental risk factors such as pregnancy complica-
tions [3], family dysfunction [4] and drug abuse during
pregnancy [5] have all been implicated in the etiology of
ADHD, there is overwhelming evidence from twin studies
that genes also contribute to the development of ADHD
[2,6,7].

There has been a strong focus on the dopamine trans-
porter in ADHD as psychostimulants, the first line medi-
cation for ADHD, have been shown to block this
transporter as part of their mechanism of action [8]. Fur-
ther, single photon emission computed tomography stud-
ies show high rates of striatal dopamine transporter
activity in drug naive adults with ADHD [9-11]. In keep-
ing with this, a pooled odds ratio (OR) for ADHD from
family studies for the dopamine transporter (DAT1) gene
10 repeat allele was found to be significant [6] and other
meta-analyses have invariably shown positive ORs for this
allele [12-16], although not necessarily significant ones.

While the above-mentioned genetic studies have exam-
ined allelic associations between specific polymorphisms
and ADHD, genotypic approaches have also yielded sup-
port for DAT1 involvement. For instance, Loo et al. have
reported that in patients with ADHD, there is an associa-
tion between 10/10 DAT1 genotype and increased errors
on a vigilance task when compared to a compound group
composed of children having the 9/9 or 9/10 genotypes
[17]. Along similar lines, children with ADHD and carri-
ers of both the 10/10 DAT1 genotype as well as a 7-repeat
DRD4 allele have been reported as having a lower IQ than
a combined group of carriers of other genotypes [18]. Fur-
ther, poor response to methylphenidate was associated, in
ADHD children, with DAT1 10-repeat allele homozygos-
ity in both prospective and naturalistic studies [19-21].

Due to the relatively small frequency of the 9/9 genotype
in the general population and to the consequently small
sample sizes generally acquired for this genotype, 10/10
genotype groups are usually compared to a combined
group of subjects with the 9/9 and 9/10 genotypes (as well
as other very rare genotypes). This being said, a few recent
studies have compared genotypes separately. For instance,
Cornish et al. [22] have shown, in normal boys, an asso-
ciation between the 10/10 repeat allele genotype and
poorer mean scores on measures of selective attention and
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response inhibition compared to a group of 9/10 carriers.
Joober et al. [23], using a 2-week prospective within sub-
ject crossover design have shown that children with
ADHD and carriers of the 9/9 genotype displayed a signif-
icantly weaker response to methylphenidate than carries
of the 9/10 genotype or carriers of the 10/10 genotype.
Further, a recent study [24] demonstrated that individuals
with ADHD and carriers of the 9/10 genotype tended to
fair worse than carriers of the 10/10 genotype on a large
set of variables including behavioral problems in child-
hood and adolescence, mother-teen relations at adoles-
cence, and class rankings in high school. However, no
significant differences between genotype groups were
found in Wisconsin Card Sorting Test performance. The
majority of findings in this study essentially supports the
view that young carriers of the 9/10 genotype tend to fair
worse than their 10/10 counterparts from a psychopatho-
logical perspective. While this work appears to contradict
above-mentioned studies demonstrating a disadvantage
for carriers of the 10/10 genotype, it is noteworthy that it's
the first study, to the best of our knowledge, to separately
look at DAT1 gene genotype in relation to behavior in
children with ADHD.

Overall, these patterns of results are consistent with a high
degree of heterogeneity in genetic effects and with the
view that current candidate genes are only indirectly
responsible for ADHD as they may instead be associated
with specific clinical variants and/or behavioral dimen-
sions of ADHD yet to be precisely identified. If this is the
case, selecting candidate genes on the basis of their poten-
tial implication in modulating intermediate phenotypes
(or endophenotypes) relevant to ADHD could improve
the robustness of genetic results. While endophenotypes
can exist at a number of levels, most studies to date have
focused on the neuropsychological level. One such path-
way with considerable empirical support implicates dys-
regulation of executive function processes (defined as the
neurocognitive processes that maintain an appropriate
problem-solving set to attain a future goal [25,26]). Factor
analyses of batteries of measures of executive function
have revealed the four following factors: 1) response inhi-
bition and execution, 2) working memory and updating,
3) set-shifting and task-switching, and 4) interference
control [26-30]. Although most mental tasks involve
almost every component of executive functioning to some
degree, some tasks tap relatively highly into specific fac-
tors.

While traditionally, executive function tasks have been
believed to rely mostly on the prefrontal cortex, the
involvement of the basal ganglia is now being recognized
[31,32]. For instance, it has been shown that fronto-stri-
atal pathway disconnection disrupts normal performance
on classical cognitive frontal tasks in rats [33] and that the
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executive dysfunction frequently observed in Parkinson's
disease is associated with altered pallidal-frontal process-
ing [34]. In keeping with this, one of the most replicated
morphological alterations in brains of children with
ADHD is small caudate and pallidum volumes [35].

Finding an association between executive function dysreg-
ulation and ADHD together with demonstration that
dopamine neurotransmission is critical for normal execu-
tive functioning would highlight the plausibility of execu-
tive function as an endophenotype in ADHD. From a
genetic standpoint, the DAT1 gene is known to be prefer-
entially expressed in the basal ganglia and has been
reported to influence caudate volume [36] and aspects of
executive functioning in normal subjects [22]. Further-
more and in keeping with the above, the dopamine trans-
porter has been argued to play a critical role in regulating
cortical signal-to-noise ratio during working memory via
a cortico-striato-thalamo-cortical pathway [37]. As
reviewed by Doyle et al[2], family, twin, and adoption
studies all suggest that EFs may index the familial/genetic
liability to ADHD. Given the data discussed above, DAT1
gene is a compelling candidate gene to examine in rela-
tion to both EF performance and ADHD.

The present study examined executive function perform-
ance in children with ADHD in relation to the Variable
Number of Tandem Repeats (VNTR) located in the 3'
untranslated (UTR) region of the DAT1 gene in order to
further characterize the association between genotype and
behavior in children with ADHD. It is hypothesized that
DAT1 gene genotype has an effect on executive function
performance.

Methods

Subjects

Children were sequentially recruited from the Disruptive
Behavior Disorders Program and the Children Outpatient
Clinics of the Douglas Hospital. They were referred to
these specialized care facilities by school teachers, com-
munity social workers and pediatricians.

To be included in this study, children were required to be
between 6 and 12 years of age and meet DSM-IV diagnosis
criteria for ADHD [38]. Diagnosis was based on a struc-
tured clinical interview of parents using the fourth edition
of the diagnostic interview schedule for children-parental
report (DISC-IV) [39], school reports, teachers' reports,
and clinical observation of the subject. In the majority of
cases, mothers were the primary informants for the collec-
tion of clinical information. The Child Behavioral Check-
list [40], a scale that assesses several behavioral domains
was completed by parents for each child. Children having
a history of mental retardation, with an IQ < 70 as meas-
ured by the Wechsler Intelligence Scale for Children-third
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edition (WISC-III) [41], a history of Tourette syndrome,
pervasive developmental disorder, psychosis, bipolar dis-
order or any medical condition or impairment that would
interfere with the ability of the child to complete the
study, were excluded. All diagnostic and baseline evalua-
tions were conducted at the Douglas Hospital.

Psychometric assessment

In order to capture the gist of the four factors of executive
functioning reported above (ie 1- response inhibition and
execution (includes planning), 2- working memory and
updating, 3- set-shifting and task-switching, and 4- inter-
ference control), our neuropsychological test battery com-
prised the Wisconsin Card Sorting Test (WCST) [42], the
Self Ordered Pointing Task (SOPT) [43], the Tower of
London (TOL), which is a variant on the Tower of Hanoi
task [44], and the WISC-III from which a Freedom from
Distractibility Index (FFDI) was extracted.

The WCST, the SOPT, and the TOL were administered by
trained research personnel as described in Taerk et al. [45].
For both tests, all children were assessed while not having
taken medication for at least one week. Both research per-
sonnel and subjects were blinded to the genotype status of
the subjects.

Furthermore, the WISC-1II was administered by a trained
psychologist to all children not having had it adminis-
tered in the previous year at school. Where the WISC-III
had been administered in the previous year, records of the
evaluation were made available by the school authorities.
In all cases where records were complete, the Freedom
from Distractibility Index (FFDI) was derived from the
Arithmetic and Digit Span subtest scores. 17% of children
(n = 16) with the 9/10 genotype and 14% of children (n
= 18) with the 10/10 genotype were tested at school.

In the WCST, the child is asked to sort cards according to
three different criteria (color, number, or shape of the
symbols present on the cards). Feedback on whether the
child achieves a correct or incorrect match is given after
each trial. The matching criterion changes after ten con-
secutive correct matches and the child has to identify the
new matching criterion using the feedback (correct/incor-
rect) provided to him. While the WCST is a task where one
has to hold active information in working memory in
order to identify the matching criterion, it arguably taps
mostly into response inhibition capacity and into set-
shifting and task switching ability. Evidence for the high
reliability and validity of the WCST for various normal
and clinical populations has been reported in many stud-
ies [42]. While the WCST perseverative errors score has fre-
quently been examined in previous work pertaining to
ADHD [46], non-perseverative errors, total errors,

Page 3 of 9

(page number not for citation purposes)



BMC Psychiatry 2008, 8:45

number of trials to complete the first category, as well as
number of categories completed were also examined here.

In the SOPT, series of matrices of 6, 8, 10 and 12 images
are presented to the child. The child is asked to chose, by
pointing, one different image on each page. Errors occur
when the child points to images that he pointed to in pre-
vious presentations of the set of images. Each set is pre-
sented to the child three times. While performing the
SOPT, the demand on keeping information active in
working memory is very high. SOPT scores have been
shown to highly correlate with measures of working mem-
ory, strategy utilization and planning (ie response inhibi-
tion and execution), but not with measures of interference
control [47]. Test-retest reliability for the SOPT total errors
score has been shown to be high while stability of other
SOPT indices, including perseverative errors, has been
shown to be rather poor [47]. As children with ADHD
have been reported to have a poorer performance on the
SOPT total errors score than normal controls [48,49], this
index has been examined here.

In the TOL, the child is presented with colored beads with
a hole in them. These beads are placed on three pegs in a
given initial pattern. The child is asked to move the beads,
one by one, in order to match a target pattern. Beads can
only be moved from peg to peg ie they cannot be kept in
one's hand. Importantly, subjects are told to plan ahead
and try to match the target pattern with the least possible
number of moves. The TOL has twelve items of increasing
difficulty. The TOL taps relatively highly into working
memory as well as into strategy utilization and planning
[50]. The standard scores for each of the 12 items were
examined.

Numerous factor analyses of the WISC-III have revealed a
Freedom from Distractibility Index (FFDI) constituted by
the Arithmetic and Digit Span subtests [41]. Performance
on the FFDI is very likely highly influenced by deficits in
interference control and working memory and has been
found to be relatively low for children with ADHD [41].
While in the Arithmetic task, children are asked to solve
arithmetic problems, in the Digit Span subtest of the
WISC-1II, children are required to repeat verbatim or in
reverse order, strings of digits recited at the rate of one per
second. The length of the strings is gradually increased.
The test is ended when the child is no longer able to cor-
rectly repeat the strings.

The research protocol was approved by the Research Eth-
ics Board of the Douglas Hospital (Montreal, Quebec).
Parents were explained the study and provided written
consent. Children were explained the study and gave their
assent to participate.
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Molecular genetics

Blood samples were collected from affected children and
their parents in order to extract DNA for the purpose of
genetic analyses. The VNTR polymorphism in the SLC6A3
gene was genotyped using a PCR-based method as previ-
ously described [51]. The PCR was performed in a 15 pl
total reaction volume containing 1x PCR buffer, 200 uM
dNTPs, 100 ng of primers (5'-TGTGGTGTAGGGAACG-
GCCTGAG-3', 5'-CTTCCTGGAGGTCACGGCTCAAGG-
3"), 1 Unit of Taq DNA polymerase and 100 ng of genomic
DNA. PCR products were electrophoresed on agarose-TAE
gel along with 1 kb and 100 bp DNA ladders, visualized
under UV-light and coded according to the length of the
PCR product. Genotypes were called by two independent
and experienced technicians who were blind to all the
clinical data. No discordance in any of the readings was
noted.

Statistical analyses

The VNTR polymorphism has two main alleles: 9- and 10-
repeat alleles. Three very rare alleles (3, 7, 8 and 11-
repeat) were also identified in 13 subjects (four with the
3/10 genotype, one with the 7/10 genotype, one with the
8/10 genotype, one with the 9/11 genotype, and six with
the 10/11 genotype). Because of the very small sample
sizes of these latter genotype groups and because only 21
carriers of the 9/9 genotype were detected, we limited our
analyses to the groups of children with the 9/10 or 10/10
genotypes. The total sample size of subjects having been
genotyped for the DAT1 gene was 251. Of these, 96 had
the 9/10 genotype and 127 had the 10/10 genotype.

To test for the effect of genotype on SOPT performance,
we implemented a general linear model repeated meas-
ures analysis with genotype (2 modalities: 9/10 and 10/10
genotypes) as the between subject factor and the 4 SOPT
difficulty level error scores as the within-subject repeated
measures. A similar procedure was implemented for the
12 difficulty level scores of the TOL. An analysis of vari-
ance was implemented for the WCST and WISC-III scores.
Age was used as a covariate except when test scores were
already age-standardized (eg WISC-III subtests).

The mean of the absolute values of the correlations
between scores on the different outcome variables (WCST,
SOPT, TOL, and WISC-III performances) was modest to
moderate (mean r = 0.357). Between different tests (eg
WCST and WISC subtests), the absolute value of the cor-
relations ranged between a low of 0.042 and a high of
0.379. However, between the different indices of perform-
ance on a given test (eg comparing WCST Total errors and
WCST Perseverative errors), correlations ranged between
0.495 and 0.874. High correlations between performance
values of a given test are expected in cases when perform-
ance on one index is in part derived from performance on
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another index. Taking these correlations into account
[52], a Bonferroni correction for multiple comparisons
produced a p < 0.011 level of significance as the appropri-
ate cutoff necessary to achieve an overall p < 0.05 alpha
level.

Results

The 10- and 9-repeat allele frequencies were 72% and
28% respectively for the complete sample (ie this calcula-
tion includes subjects with the 9/9 genotype). The geno-
type distribution did not differ from the Hardy-Weinberg
equilibrium (2= 0.043, df = 1, p = 0.84). Gender, ethnic
group, age, average household income, and severity of
behavioral problems as assessed by the CBCL (total, atten-
tion, internalizing and externalizing scores, and other
behavioral dimensions) were not significantly different
between the three genotype groups. Further, no significant
differences between genotype groups were found in IQ, in
diagnostic subtype of ADHD (inattentive, hyperactive/
impulsive and combined) or in the number of ADHD
items as assessed by the DISC-IV. In keeping with most
studies on ADHD, the sample was characterized by a high
prevalence of comorbidity including oppositional defiant
disorder and conduct disorder. However, there were no
significant differences in comorbid disorders between the
genotype groups (see Table 1).

The main finding of this study is a significant genotype
effect on TOL (F = 6.902, p = 0.009) and FFDI perform-
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ances (F = 7.125, p = 0.008) as well as a strong trend on
SOPT error scores (F = 4,996 p = 0.026) and Digit Span
performance (F = 6.28, p = 0.023). Children with the 9/10
genotype had poorer performance on all four measures
compared to children with the 10/10 genotype (see Table
2). Scatter plots were examined and these results could
not be explained by the presence of outliers in any of the
groups (scatter plots not shown). No effect of genotype on
WCST measures of performance was detected.

Discussion

The most important finding of this study is the presence
of a significant effect of the SLC6A3 3'UTR VNTR genotype
on measures of executive function performance in chil-
dren with ADHD. Indeed, with the exception of the
WCST, it was observed that carriers of the 10/10 DAT1
gene genotype had a better performance on various tasks
of executive function than carriers of the 9/10 genotype.
While differences in results between WCST and the other
tests are probably due to multiple complex reasons, it
could be tentatively hypothesized that these are due to the
fact that the TOL, the SOPT, and the FFDI subtests all exert
rather high demands on working memory while the
WCST taps mostly on the set-shifting and task-switching
factor. Indeed, although the WCST does tap into working
memory, its demands on it are relatively low as the child
has to keep in mind a maximum of only two out of three
possible parameters at a time (ie color, shape, or number).
In contrast, the SOPT, TOL, and FFDI subtests all exert a

Table I: Demographic and clinical characteristics of sample partitioned by DATI genotype

9/10 genotype

10/10 genotype Statistics and p values

n=96

88+ 1.8
80.2% (n = 77)
87.5% (n = 84)

Age (yrs)
Proportion of males
Proportion of Caucasians

WISC-III FSIQ 96.7 + 14.6
CBCL total 70 £ 8.1

CBCL Attention problems 70.7 £95
CBCL externalisation 704 + 94
CBCL internalisation 63.7+£9.6

Proportion with I/H/C ADHD subtype as
assessed by the treating psychiatrist
DISC-IV Inattentive

DISC-IV Hyperactive/lmpulsive

with CD/without CD

69 %22
63+24

with ODD/without ODD

Never/previously medicated

2 missing data points

32% (n = 30)/68% (n = 64)
2 missing data points
40% (n = 38)/60% (n = 56)
2 missing data points
52% (n = 46)/48% (n = 43)
7 missing data points

n=127 Total n =223
92+ 1.9 F=278,p=.10
79% (n = 100) x2=0.072,p=.79
82.7% (n = 105) x2=0.98,p=.32
99.2 £ 144 F=16l,p=.2I
69.2+93 F=041,p=.35
708 £ 10.2 F=0.009, p = .92
69.1 £10.2 F=0.65p=.42
64.1 £11.4 F=0.063,p=.80
18% (n = 17)/6% (n = 6)/74% (n =71) 27% (n = 34)/4% (n = 5)/65% (n =82)  x2=3.21,p=.20
6 missing data points
72+20 F=051,p=.48
56+25 F=3.56,p=.06l
24% (n = 30)/76% (n = 94) x2=16p=.2I

3 missing data points
41% (n = 52)/59% (n = 74)
| missing data point
52% (n = 60)/48% (n = 56)
Il missing data points

x2= 0016, p = .90

¥2<0.001,p =.99

Values are percentages or means = their respective Standard Deviations (SD). Demographic and clinical characteristics were compared between
the two groups using the appropriate statistic. WISC = Wechsler Intelligence Scale for Children, 3rd edition; CBCL = Child Behavioural Checklist;
I/H/C = Inattentive/Hyperactive/Combined; DISC = Diagnostic Interview Schedule for Children, 4t edition; ODD = Oppositional Defiant Disorder;
CD = Conduct Disorder; Percentages are rounded to the nearest unit. Note that in the DSM-1V, a diagnosis of CD supersedes a diagnosis of ODD.
However, in order to make the table as informative as possible, this criterion was relaxed. Age was used as a covariate for all F statistics.
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Table 2: Comparison of neuropsychological test performance scores for each genotype group

9/10 genotype

10/10 genotype F statistic and p value

Wisconsin Card Sorting Test

Perseverative errors raw score 45 + 22.5 40.7 £ 19.6 F=129p=0.26
Non perseverative errors raw score 204 + 12.6 19.1 £ 12,6 F=0.11;p=0.74
Total errors raw score 247 £ 154 224 + 142 F=0.63;p=0.43
Trials to complete first category 239 +£222 219+ 185 F=032p=0.57
Number of categories completed 4.1+ 1.7 46+ 1.5 F=3.17;p =0.076
WISC-IllI

Arithmetic 85+ 3.0 94 +26 F=3.51;p=0.063
Digit span 76+23 86+23 F=628p=0.0I3*
FFDI 80+23 9.0+20 F=17.13; p = 0.008 **
SOPT (4 levels of difficulty)

Level | number of errors 23+ 1.6 19+ 1.4

Level 2 number of errors 37121 3020

Level 3 number of errors 46126 3723

Level 4 number of errors 59+3.6 50+ 3.0

Repeated measures statistic for the SOPT F =5.00; p = 0.026 *
TOL (12 levels of difficulty)

Level | score 82+09 83+09

Level 2 score 8015 83+ 1.1

Level 3 score 76+ 1.3 77 £ 1.1

Level 4 score 6.1 £2.6 68+ 1.9

Level 5 score 65+ 1.6 68+ 1.4

Level 6 score 43+3.0 48 +£27

Level 7 score 45+29 47 £3.0

Level 8 score 52+27 52+26

Level 9 score 63+ 1.8 64+ 1.7

Level 10 score 28+28 3.0+28

Level I score 40+£29 48 +24

Level 12 score 44+27 48 +25

Repeated measures statistic for the TOL

F = 6.90; p = 0.009 **

Values are mean * SD. Statistical analyses for the SOPT and TOL were implemented using a repeated measures design. For this reason, only an

overall F statistic is available for each of these two tests.
* — Statistical trend (0.01 1 < p value < 0.05).
** —» Statistically significant (p value < 0.011).

very high demand on working memory whether directly
(SOPT and Digit Span FFDI subtest) or through mental
manipulations (which is one of the elements of working
memory) that have to be made while the child keeps bead
positions (TOL) or numbers (Arithmetic FFDI subtest) in
active memory. Further work will be needed to confirm
this tentative hypothesis.

While Barkley et al. (see introduction) [24] found mostly
psychopathological differences between the ADHD geno-
type groups, we evidenced a difference in executive func-
tion performance. This being said, in the only task that
overlaps between our study and theirs (ie WCST), no dif-
ference was found between groups. The other two cogni-
tive tasks that Barkley et al. administered and that may be
construed as measures of executive functioning were a
Continuous Performance Task and the Matching Familiar
Figures Test. None of these two tasks yielded a significant
genotype main effect. The fact that these two tests also
exert rather low demands on working memory may fur-

ther be viewed as supporting the above-mentioned work-
ing memory hypothesis.

As stated in the introduction and in apparent contradic-
tion with the current findings, Cornish et al. [22] and Loo
et al[17] have reported a relatively poor performance for
carriers of the 10/10 DAT1 genotype. However, Cornish et
al. conducted their work on a sample of community con-
trols and not on ADHD children while Loo et al. have
compared, in ADHD children, those with the 10/10 DAT1
genotype to a compound group where children with the
9/9 or 9/10 genotypes were pooled together [17]. In a
more recent work, Mill et al reported that IQ is lower for
those with a combination of putative genetic risk in DRD4
(7-repeat allele) and in the dopamine transporter (10/10
genotype) genes [18]. The combination of genotypes in
two separate loci and the use of two different genetic mod-
els in each of these loci preclude us from comparing our
results with this latter study.
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As thelO-repeat allele has frequently been reported as
being a risk allele for ADHD, it may appear surprising that
those with the 10/10 genotype are not the ones with the
worst performance here. However, whether the 10-repeat
allele is or not a risk allele for ADHD is not necessarily, by
itself, very informative about its potential association with
a specific endophenotype 4(e.g. executive functioning) for
a subset of subjects with ADHD as a given.

While the current study has strengths, including a
restricted age range and the assessment of executive func-
tion using multiple indices while children were not taking
psychostimulant medication, its results should be inter-
preted with important limitations kept in mind. First, it is
noteworthy that some children were tested on the WISC-
III by different examiners prior to the initiation of the
study. However, if this had an impact on results, it is
expected to have manifested itself as statistical noise, mak-
ing results less likely to appear as significant. Second, the
study sample was mainly comprised of children with the
combined type of ADHD and not enough subjects had the
inattentive or hyperactive/impulsive subtypes in both
genotype groups, precluding us from analyzing the rela-
tion between DAT1 gene genotype and executive function
in each ADHD subtype. Further investigation in larger
groups would allow analysis of the aggregation of differ-
ent clinical aspects stratified by genotype. Third, the poly-
morphism that we studied in this sample is located in the
3'-untranslated region of the SLC6A3 gene and thus does
not change the structure of the DAT1 protein. Nonethe-
less, it has been suggested that it may affect the level of
expression of the DAT1 gene, resulting in variable
dopamine transporter phenotypes. While this may be the
case, the issue still remains controversial. Indeed, it has
been reported that DAT binding availability is signifi-
cantly lower for subjects who are homozygous for the
SLC6A3 VNTR 10-repeat allele compared to carriers of at
least one 9-repeat allele [53] while the opposite associa-
tion [54] was reported in another study and yet no associ-
ation [55] was found in a third.

Conclusion

In conclusion, results from this study show that the DAT1
gene genotype can be a marker of performance of execu-
tive functioning (perhaps mostly working memory) in
children with ADHD with those having the 9/10 genotype
generally exhibiting a relatively poorer performance than
those with the 10/10 genotype. As such, and assuming
that an endophenotype has a greater potential to target
one of the many pathophysiological deficits that in com-
bination may lead to a disorder, present results support
the view that it may be possible to characterize with a cer-
tain degree of refinement the associations between geno-
type and semiology. In the wake of frequent false positive
findings in behavioral genetics, replication of the current

http://www.biomedcentral.com/1471-244X/8/45

findings is warranted before firm conclusions can be
drawn.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

SK analyzed results, conceived, and wrote the manuscript.
NG helped design the study, assessed the patients, pro-
vided conceptual input on the manuscript content, and
provided access to patients. ES-B wrote part of the manu-
script and provided conceptual input on the manuscript
content. AD provided conceptual input on the manu-
script. JB provided conceptual input on the manuscript.
VM participated in the cognitive testing of the subjects. AP
recruited and cognitively tested the subjects. MT-S
recruited subjects and was the coordinator of the project.
RDG carried out the molecular genetic studies. JB
recruited and cognitively tested the subjects. SS carried out
molecular genetic studies and provided conceptual input
on the manuscript content. RJ designed the study,
assessed the patients, and supervised the conception and
writing of the manuscript.

Acknowledgements

This work was supported in part by grants from the Réseau de Santé Men-
tale du Québec and the Canadian Institute of Health Research to R]. We
thank Pawliak N for technical assistance and Klink R for critical review.

References

I.  Biederman J, Faraone SV: Attention-deficit hyperactivity disor-
der. Lancet 2005, 366:237-248.

2.  Doyle AE, Willcutt EG, Seidman L), Biederman J, Chouinard VA, Silva
J, Faraone SV: Attention-deficit/hyperactivity disorder endo-
phenotypes. Biol Psychiatry 2005, 57:1324-1335.

3. Astbury ], Orgill A, Bajuk B: Relationship between two-year
behaviour and neurodevelopmental outcome at five years of
very low-birthweight survivors. Dev Med Child Neurol 1987,
29:370-379.

4. Brown RT, Pacini JN: Perceived family functioning, marital sta-
tus, and depression in parents of boys with attention deficit
disorder. | Learn Disabil 1989, 22:581-587.

5.  Milberger S, Faraone SV, Biederman |, Chu MP, Feighner JA: Sub-
stance use disorders in high-risk adolescent offspring. Am |
Addict 1999, 8:211-219.

6. Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick JJ, Holmgren
MA, Sklar P: Molecular genetics of attention-deficit/hyperac-
tivity disorder. Biol Psychiatry 2005, 57:1313-1323.

7.  Rasmussen ER, Neuman R}, Heath AC, Levy F, Hay DA, Todd RD:
Replication of the latent class structure of Attention-Deficit/
Hyperactivity Disorder (ADHD) subtypes in a sample of
Australian twins. | Child Psychol Psychiatry 2002, 43:1018-1028.

8.  Spencer T, Biederman J, Wilens T: Pharmacotherapy of attention
deficit hyperactivity disorder. Child Adolesc Psychiatr Clin N Am
2000, 9:77-97.

9. Larisch R, Sitte W, Antke C, Nikolaus S, Franz M, Tress W, Muller
HW: Striatal dopamine transporter density in drug naive
patients with attention-deficit/hyperactivity disorder. Nucl
Med Commun 2006, 27:267-270.

10. Dresel S, Krause |, Krause KH, LaFougere C, Brinkbaumer K, Kung
HF, Hahn K, Tatsch K: Attention deficit hyperactivity disorder:
binding of [99mMTc]TRODAT-1 to the dopamine transporter
before and after methylphenidate treatment. Eur | Nucl Med
2000, 27:1518-1524.

I'l.  Krause KH, Dresel SH, Krause J, Kung HF, Tatsch K: Increased stri-
atal dopamine transporter in adult patients with attention

Page 7 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16023516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16023516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3596073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3596073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3596073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2809411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2809411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2809411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10506902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10506902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12455923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12455923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12455923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10674191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10674191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16479247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16479247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11083541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11083541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11083541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10793238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10793238

BMC Psychiatry 2008, 8:45

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

deficit hyperactivity disorder: effects of methylphenidate as
measured by single photon emission computed tomography.
Neurosci Lett 2000, 285:107-110.

Curran S, Mill J, Tahir E, Kent L, Richards S, Gould A, Huckett L, Sharp
J, Batten C, Fernando S, et al.: Association study of a dopamine
transporter polymorphism and attention deficit hyperactiv-
ity disorder in UK and Turkish samples. Mol Psychiatry 2001,
6:425-428.

Maher BS, Marazita ML, Ferrell RE, Vanyukov MM: Dopamine sys-
tem genes and attention deficit hyperactivity disorder: a
meta-analysis. Psychiatr Genet 2002, 12:207-215.

Cook EH Jr, Stein MA, Krasowski MD, Cox NJ, Olkon DM, Kieffer JE,
Leventhal BL: Association of attention-deficit disorder and the
dopamine transporter gene. Am | Hum Genet 1995, 56:993-998.
Yang B, Chan RC, Jing J, Li T, Sham P, Chen RY: A meta-analysis of
association studies between the 10-repeat allele of a VNTR
polymorphism in the 3'-UTR of dopamine transporter gene
and attention deficit hyperactivity disorder. Am | Med Genet B
Neuropsychiatr Genet 2007, 144B(4):541-550.

Li D, Sham PC, Owen M), He L: Meta-analysis shows significant
association between dopamine system genes and attention
deficit hyperactivity disorder (ADHD). Hum Mol Genet 2006,
15:2276-2284.

Loo SK, Specter E, Smolen A, Hopfer C, Teale PD, Reite ML: Func-
tional effects of the DATI polymorphism on EEG measures
in ADHD. | Am Acad Child Adolesc Psychiatry 2003, 42:986-993.

Mill J, Caspi A, Williams BS, Craig |, Taylor A, Polo-Tomas M, Berridge
CW, Poulton R, Moffitt TE: Prediction of heterogeneity in intel-
ligence and adult prognosis by genetic polymorphisms in the
dopamine system among children with attention-deficit/
hyperactivity disorder: evidence from 2 birth cohorts. Arch
Gen Psychiatry 2006, 63:462-469.

Winsberg BG, Comings DE: Association of the dopamine trans-
porter gene (DAT ) with poor methylphenidate response. |
Am Acad Child Adolesc Psychiatry 1999, 38:1474-1477.

Roman T, Szobot C, Martins S, Biederman ], Rohde LA, Hutz MH:
Dopamine transporter gene and response to methylpheni-
date in attention-deficit/hyperactivity disorder. Pharmacoge-
netics 2002, 12:497-499.

Inkster B, Muglia P, Jain U, Kennedy JL: Linkage disequilibrium
analysis of the dopamine beta-hydroxylase gene in persistent
attention deficit hyperactivity disorder. Psychiatr Genet 2004,
14:117-120.

Cornish KM, Manly T, Savage R, Swanson J, Morisano D, Butler N,
Grant C, Cross G, Bentley L, Hollis CP: Association of the
dopamine transporter (DATI) 10/10-repeat genotype with
ADHD symptoms and response inhibition in a general popu-
lation sample. Mol Psychiatry 2005, 10:686-698.

Joober R, Grizenko N, Sengupta S, Amor LB, Schmitz N, Schwartz G,
Karama S, Lageix P, Fathalli F, Torkaman-Zehi A, Stepanian MT:
Dopamine Transporter 3'-UTR VNTR Genotype and
ADHD: a Pharmaco-Behavioural Genetic Study with Meth-
ylphenidate. Neuropsychopharmacology 2006.

Barkley RA, Smith KM, Fischer M, Navia B: An examination of the
behavioral and neuropsychological correlates of three
ADHD candidate gene polymorphisms (DRD4 7+, DBH Taql
A2, and DATI 40 bp VNTR) in hyperactive and normal chil-
dren followed to adulthood. Am | Med Genet B Neuropsychiatr
Genet 2006, 141B(5):487-498.

Pennington BF, Ozonoff S: Executive functions and developmen-
tal psychopathology. | Child Psychol Psychiatry 1996, 37:51-87.
Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington BF: Validity
of the executive function theory of attention-deficit/hyperac-
tivity disorder: a meta-analytic review. Biol Psychiatry 2005,
57:1336-1346.

Willeutt EG, Pennington BF, Boada R, Ogline JS, Tunick RA, Chhabil-
das NA, Olson RK: A comparison of the cognitive deficits in
reading disability and attention-deficit/hyperactivity disor-
der. | Abnorm Psychol 2001, 110:157-172.

Barkley RA, Edwards G, Laneri M, Fletcher K, Metevia L: Executive
functioning, temporal discounting, and sense of time in ado-
lescents with attention deficit hyperactivity disorder
(ADHD) and oppositional defiant disorder (ODD). | Abnorm
Child Psychol 2001, 29:541-556.

Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A,
Wager TD: The unity and diversity of executive functions and

30.

31
32.

33.

34.

35.

36.

37.

38.

39.

40.
41.
42.
43.

44,
45.

46.

47.

48.
49.

50.

51,

http://www.biomedcentral.com/1471-244X/8/45

their contributions to complex "Frontal Lobe" tasks: a latent
variable analysis. Cognit Psychol 2000, 41:49-100.

Robbins TW, James M, Owen AM, Sahakian BJ, Lawrence AD,
Mclnnes L, Rabbitt PM: A study of performance on tests from
the CANTAB battery sensitive to frontal lobe dysfunction in
a large sample of normal volunteers: implications for theo-
ries of executive functioning and cognitive aging. Cambridge
Neuropsychological Test Automated Battery. | Int Neuropsy-
chol Soc 1998, 4:474-490.

Hazy TE, Frank M), O'Reilly RC: Banishing the homunculus: mak-
ing working memory work. Neuroscience 2006, 139:105-118.
Aron AR, Poldrack RA: The cognitive neuroscience of response
inhibition: relevance for genetic research in attention-defi-
cit/hyperactivity disorder. Biol Psychiatry 2005, 57:1285-1292.
Dunnett SB, Meldrum A, Muir JL: Frontal-striatal disconnection
disrupts cognitive performance of the frontal-type in the rat.
Neuroscience 2005, 135:1055-1065.

Dirnberger G, Frith CD, Jahanshahi M: Executive dysfunction in
Parkinson's disease is associated with altered pallidal-frontal
processing. Neuroimage 2005, 25:588-599.

Seidman LJ, Valera EM, Makris N: Structural brain imaging of
attention-deficit/hyperactivity disorder. Biol Psychiatry 2005,
57:1263-1272.

Durston S, Fossella JA, Casey BJ, Hulshoff Pol HE, Galvan A, Schnack
HG, Steenhuis MP, Minderaa RB, Buitelaar JK, Kahn RS, van Engeland
H: Differential effects of DRD4 and DATI genotype on
fronto-striatal gray matter volumes in a sample of subjects
with attention deficit hyperactivity disorder, their unaf-
fected siblings, and controls. Mol Psychiatry 2005, 10:678-685.
Bertolino A, Blasi G, Latorre V, Rubino V, Rampino A, Sinibaldi L,
Caforio G, Petruzzella V, Pizzuti A, Scarabino T, et al: Additive
effects of genetic variation in dopamine regulating genes on
working memory cortical activity in human brain. | Neurosci
2006, 26:3918-3922.

Lahey BB, Applegate B, McBurnett K, Biederman J, Greenhill L, Hynd
GW, Barkley RA, Newcorn ], Jensen P, Richters J, et al.: DSM-IV
field trials for attention deficit hyperactivity disorder in chil-
dren and adolescents. Am | Psychiatry 1994, 151:1673-1685.
Saffer D, Fisher P, Lucas C: Diagnostic Interview Schedule for Children,
Version IV New York: Columbia University, Division of Psychiatry;
1998.

Achenbach TM: The Child Behavior Checklist/4—18 and 1991 profile Bur-
lington: University of Vermont; 1991.

Wechsler D: Wechsler Intelligence Scale for Children-Third Edition: Manul
San Antonio, TX; 1991.

Heaton RK, Chelune GJ, Talley JL, Kay GG, Curtiss G: The Wisconsin
Card Sorting Test Manual-Revised and expanded Odessa, FL; 1993.
Petrides M, Milner B: Deficits on subject-ordered tasks after
frontal- and temporal-lobe lesions in man. Neuropsychologia
1982, 20:249-262.

Shallice T: Specific impairments of planning. Philos Trans R Soc
Lond B Biol Sci 1982, 298:199-209.

Taerk E, Grizenko N, Ben Amor L, Lageix P, Mbekou V, Deguzman R,
Torkaman-Zehi A, Ter Stepanian M, Baron C, Joober R: Catechol-
O-methyltransferase (COMT) Vall08/158 Met polymor-
phism does not modulate executive function in children with
ADHD. BMC Med Genet 2004, 5:30.

Lawrence V, Houghton S, Douglas G, Durkin K, Whiting K, Tannock
R: Executive function and ADHD: a comparison of children's
performance during neuropsychological testing and real-
world activities. | Atten Disord 2004, 7:137-149.

Ross TP, Hanouskova E, Giarla K, Calhoun E, Tucker M: The relia-
bility and validity of the self-ordered pointing task. Arch Clin
Neuropsychol 2007, 22:449-458.

Shue KL, Douglas VI: Attention deficit hyperactivity disorder
and the frontal lobe syndrome. Brain Cogn 1992, 20:104-124.
Sergeant JA, Geurts H, Oosterlaan |: How specific is a deficit of
executive functioning for attention-deficit/hyperactivity dis-
order? Behav Brain Res 2002, 130:3-28.

Adler LA, Spencer T, Faraone SV, Reimherr FW, Kelsey D, Michelson
D, Biederman J: Training raters to assess adult ADHD: reliabil-
ity of ratings. | Atten Disord 2005, 8:121-126.

Joober R, Toulouse A, Benkelfat C, Lal S, Bloom D, Labelle A, Lalonde
P, Turecki G, Rouleau GA: DRD3 and DATI genes in schizo-
phrenia: an association study. | Psychiatr Res 2000, 34:285-291.

Page 8 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10793238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11443527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11443527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11443527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12454525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12454525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12454525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7717410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7717410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17440978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17440978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17440978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16774975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16774975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16774975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12874502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12874502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12874502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16585476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16585476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16585476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10596245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10596245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12172219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12172219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12172219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15167700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15167700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15167700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15809660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15809660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15809660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16741944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16741944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16741944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8655658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8655658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11261391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11261391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11261391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11761287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11761287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11761287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10945922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10945922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10945922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9745237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9745237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9745237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16343792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16343792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15950000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16165288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16165288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15784438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15784438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15784438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15949998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15949998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15724142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15724142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15724142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16611807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16611807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16611807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7943460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7943460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7943460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7121793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7121793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6125971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15613245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15613245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15613245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15260171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15260171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15260171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17321716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17321716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1389116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1389116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11864714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11864714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11864714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16009660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16009660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11104840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11104840

BMC Psychiatry 2008, 8:45

52.

53.

54.

55.

Sankoh AJ, Huque MF, Dubey SD: Some comments on frequently
used multiple endpoint adjustment methods in clinical trials.
Stat Med 1997, 16:2529-2542.

Jacobsen LK, Staley JK, Zoghbi SS, Seibyl )P, Kosten TR, Innis RB, Gel-
ernter J: Prediction of dopamine transporter binding availabil-
ity by genotype: a preliminary report. Am | Psychiatry 2000,
157:1700-1703.

Heinz A, Goldman D, Jones DW, Palmour R, Hommer D, Gorey |G,
Lee KS, Linnoila M, Weinberger DR: Genotype influences in vivo
dopamine transporter availability in human striatum. Neu-
ropsychopharmacology 2000, 22:133-139.

Martinez D, Gelernter ], Abi-Dargham A, van Dyck CH, Kegeles L,
Innis RB, Laruelle M: The variable number of tandem repeats
polymorphism of the dopamine transporter gene is not asso-
ciated with significant change in dopamine transporter phe-
notype in humans. Neuropsychopharmacology 2001, 24:553-560.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-244X/8/45/pre
pub

http://www.biomedcentral.com/1471-244X/8/45

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9403954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9403954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11007732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11007732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10649826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10649826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11282255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11282255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11282255
http://www.biomedcentral.com/1471-244X/8/45/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	Psychometric assessment
	Molecular genetics
	Statistical analyses

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

