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The association between the 10-repeat allele of the
dopamine transporter gene (DAT) and attention
deficit hyperactivity disorder (ADHD) is uncer-
tain. This study aimed to conduct a meta-analysis
of the association between the 10-repeat allele
of a variable number tandem repeat (VNTR)
polymorphism in the 3-untranslated region
(UTR) of the DAT1 gene and ADHD. We pooled up
18 published transmission disequilibrium test
(TDT) studies between the 40-base pair VNTR
polymorphism in the3'-UTR of the DAT1 gene and
ADHD. It included a total of 1,373 informative
meioses, 7 haplotype-based haplotype relative
risk (HHRR) studies, and 6 case-control-based
association studies. There were statistically sig-
nificant evidences for heterogeneity of the odds
ratio in TDT and HHRR studies (P < 0.10), but not
in case-control studies. The results of random
effects model showed small but significant asso-
ciation between ADHD and the DATI gene in TDT
studies (OR=1.17, 95% CI=1.05-1.30, chi-
square =8.11, df =1, P =0.004), but not in HHRR
and case-control studies. The 10-repeat allele of a
VNTR polymorphism in the 3'-UTR the DAT1 gene
has a small but significant role in the genetic
susceptibility of ADHD. These meta-analysis find-
ings support the involvement of the dopamine
system genes in ADHD liability variation. How-
ever, more work isrequired to further identify the
functional allelic variants/mutations that are
responsible for this association.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is one of the
most common psychiatric disorders of childhood. Empirical
data from clinical studies consistently support the polygenetic
nature of ADHD. Its heritability ranges from 0.6 to 0.9 [Levy
etal., 1997; Faraone and Biederman, 1998; Nadder et al., 1998;
Tannock, 1998; Todd, 2000].

Dopamine system dysfunction plays an important role in the
pathogenesis of ADHD [Levy, 1991; Xu et al., 1994; Giros et al.,
1996; Tannock, 1998; Volkow et al., 1998; Ernst et al., 1999;
Gatley et al., 1999; Faraone and Doyle, 2000; Granon et al.,
2000; Cardinal et al., 2001; Castellanos and Arnsten, 2001;
Todd and Botteron, 2001; Viggiano et al., 2002; Sorrentino
et al., 2003]. Molecular genetic studies have focused on genes
that regulate dopamine neurotransmission such as the
dopamine D4 receptor (DRD4) and the dopamine transporter
(DAT1) genes. The DATI gene is of great interest as a
candidate gene in ADHD. Some studies reported that patients
with ADHD show increased DAT density in brains compared
with controls [Dougherty et al., 1999; Dresel et al., 2000;
Krause et al., 2000; Madras et al., 2002; Cheon et al., 2003].
Others [e.g., Dresel et al., 2000; Krause et al., 2000] showed
that methylphenidate, which is widely used to ameliorate the
symptoms of ADHD, is supposed to inhibit the function of this
transporter by preventing presynaptic reuptake of dopamine
reduces DAT density in functional neuroimaging studies. Data
from animal studies showed that DAT knock-out mice also
exhibited some behavioral and pharmacological characteris-
tics of ADHD [Giros et al., 1996; Gainetdinov and Caron, 2001].
In particular, dopamine was found to remain 100 times longer
in the extracellular medium of homozygous DAT KO mice
than in heterozygous and wild-type animals. Finally, dopa-
mine transport inhibitors indirectly activate dopamine recep-
tor subtypes. D4 and D5 dopamine receptors are implicated in
ADHD, and these dopamine receptor activity enhances atten-
tion and experiential salience and engenders stimulation. The
evidence above implicated the dopamine transporter involved
in the pathogenesis of ADHD.

The dopamine transporter is a member of a family of Na™
and Cl™-dependent neurotransmitter transporters containing
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12 transmembraned domains, with consensus sites for
glycosylation that function to regulate DAT trafficking and
stability [Cragg and Rice, 2004; Li et al., 2004]). The human
DATI gene encodes for a dopamine transporter and regulates
the re-uptake of released dopamine back into presynaptic
terminals after its synaptic release. Located on chromosome
5p15.3, it contains a variable number tandem repeat (VNTR) in
the 3'- untranslated region (UTR) due to repetition of a 40-bp
core sequence, ranging from 3 to 13 times depending on the
population studied [Giros et al., 1992; Vandenbergh et al.,
1992]. The VNTR may change DAT1 function, since it has been
suggested to regulate gene expression [Michaelhaugh et al.,
2001; Mill et al., 2002]. The 10-R allele of the DAT'1 gene may be
associated with a dopamine transporter that is abnormally
efficient at the re-uptake process [Mill et al., 2002]. This in turn
may produce underactivity in dopamine pathways—both the
mesocorticolimbic pathway (which is rich in D4 dopamine
receptors in the frontal lobes) and the nigrostriatal pathway
(which is rich in D2 dopamine receptors).

Positive association with the 10-repeat allele of a VNTR of
DAT1 has been independently replicated in a number of
studies [Cook et al., 1995; Gill et al., 1997; Waldman et al.,
1998; Daly et al., 1999; Barr et al., 2001; Curran et al., 2001;
Chen et al., 2003]. However, other groups have failed to find
support for this finding [Asherson et al., 1998; Palmer et al.,
1999; Holmes et al., 2000; Swanson et al., 2000; Curran et al.,
2001; Todd et al., 2001; Muglia et al., 2002]. The conflicting
results may be due to different statistical power, sample bias,
diverse design methodologies, operational definition, and
heterogeneity of ADHD. Meta-analysis provides a quantitative
approach for combining the results of various studies on the
same topic, and for estimating and explaining their diversity
[Mosteller and Colditz, 1996; Rice, 1997]. A few studies have
reviewed the association between DATI1 gene and ADHD
[Maher et al., 2002; DiMaio et al., 2003; Faraone et al., 2005;
Purper-Ouakila et al., 2005]. DiMaio et al. [2003] qualitatively
concluded the implication of DAT1 in ADHD. Maher et al.
[2002] reported a non-significant pooled odds ratio without
heterogeneity between studies, Faraone et al. [2005] reported a
small but significant association, and Purper-Ouakil et al.
[2005] reported no significant association with an important
between-samples heterogeneity. Taking account of empirical
data, possible role of dopamine in the pathogenesis of ADHD,
and several additional studies published since the meta-
analysis by Purper-Ouakila et al. [2005], we performed an
up-to-date meta-analysis examining preferential transmis-
sion of the 10-repeat allele of the DAT gene to children with
ADHD.

METHODS AND MATERIALS
Literature Search

To identify studies eligible for this meta-analysis, we
conducted a computerized search (Medline, Embase, Psy-
cINFO, BiosisPreview) using the following key words: “DAT
gene OR SLC6A3” and “ADHD” from 1995 up to February
2006. We also used reference lists from identified articles and
reviews to find additional articles not indexed by Medline. In-
press articles in psychiatric journals were also examined.

Inclusion Criteria

Only those studies examining the 40-bp VNTR polymorph-
ism in 3'-UTR of DATI gene were included in the current
meta-analysis. Furthermore, studies had to meet all the
following criteria: (1) used a family-based (transmission
disequilibrium test (TDT) or haplotype-based haplotype
relative risk (HHRR)) or case-control design; (2) were written

in English or Chinese; (3) presented original data, and
provided enough data to calculate an effect size; (4) were
independent from other studies (i.e., studies that included and
re-analyzed a previously published data set were not regarded
as independent; in this case, only the study composed of a
larger sample size was included in the meta-analysis).

Meta-Analytic Methods

We performed three meta-analyses, two for the family-based
studies (TDT and HHRR) and one for the case-control studies.
For the TDT study, each study provided the two-by-two
transmission disequilibrium table, which classifies heterozy-
gous parental alleles (informative meioses) by transmission
status (10-repeat allele transmitted to the ADHD child or not)
and data type (the number of observed transmission vs. the
number of theoretic transmission). For the HHRR studies,
each study provided the two-by-two HHRR table, which
classifies parental alleles by type of allele (10-repeat or not)
and transmission status (transmitted to the ADHD child or
not). For the case-control data, each study provided the two-
by-two table classifying subjects by diagnosis (ADHD or not)
and DAT1 10-repeat allele status (present or not). We
summarized the strength of association in these two-by-two
tables by using the odds ratio (OR).

For each meta-analysis, a Cochran Q test for heterogeneity
was first performed. In addition, the I? test was used to
attempt at quantifying any apparent inconsistency and was
interpreted as approximately the proportion of total variation
in study estimates that is due to heterogeneity rather than
sampling error. An I? value greater than 50% may be
considered substantial heterogeneity and not appropriate to
perform a meta-analysis. A fixed effect model was chosen given
the lack of heterogeneity, otherwise a random effect model was
chosen under the condition that the value of I? < 50%. Fixed
effect models assume that all studies aim at evaluating a
common truth and results differ by chance alone. Random
effect models anticipate that the studies may have genuine
differences in their results [Cooper and Hedges, 1994]; thus,
they also incorporate a between-study variance in their
estimates. Pooled calculations of odds ratios were obtained
and compared using test statistic z and 95% confidence
intervals (CI).

Publication bias was assessed by funnel plot (showing a
symmetrical inverted funnel without the publication bias),
Begg and Mazumdar’s rank correlation test and linear
regression analysis [Egger et al., 1997; Vilar et al., 1997], in
which the standard normal deviate of the OR is regressed on
the precision of the OR (the inverse of the standard error of the
OR). When there is no publication bias, the regression line
should pass through the origin, and the expected value of
intercept will be zero. An examination of publication bias is a
test of the null hypothesis that intercept is equal to zero, as
determined by the ¢ test. The meta-analysis was conducted by
Comprehensive Meta-analysis Version 2 [Borenstein et al.,
2005].

RESULTS

The application of foregoing criteria yielded 30 studies [Cook
et al., 1995; Gill et al., 1997; Waldman et al., 1998; Daly et al.,
1999; Jianget al., 1999; Palmer et al., 1999, in Chinese; Holmes
et al., 2000; Lunetta et al., 2000; Swanson et al., 2000; Barr
etal., 2001; Curran et al., 2001; Roman et al., 2001; Todd et al.,
2001; Kirley et al., 2002; CEDAR from Maher et al., 2002;
Muglia et al., 2002; Chen et al., 2003; Qian et al., 2003, in
Chinese; Hawi et al., 2003; Kustanovich et al., 2004; Wang
et al., 2004; Qian et al., 2004; Bakker et al., 2005; Bobb et al.,
2005; Feng et al., 2005; Kim et al., 2005; Langley et al., 2005;



543

Association Between 10-Repeat Allele in DAT and ADHD

(ponu11u0D)

aad
%9 “dIN %ET
Morxue %8¢ (L'GE SON) I1d-SaVS3D
I9pI0SIp 982 1D MOTATOJUT sorurp oreryaLsd [g002]
LAL ¢'16 vou0y] 0AISsoIdap %8°F% ‘6'L IH ‘8°L Id 9T F#0T 8'T+€8 9g1 onsouderp painpnyg Aysreatupf) AI"INSd ‘Te 30 wry]
44HH
G'89 1D 6L°3T OuI[d J01ABYSq [¥002]
‘LAL 9'G6 esauIyy) ‘6 TH ‘633 Id F9886 O9IGFLEG 24 PIY? AyisIoATuf) AI'INSd ‘Te 1o Suep
soreas Surjen JUSWISST)IOAPE
pue (AI-VI-SAVS 03 sesuodsaa
080D Id-SAVs-3D) pue [00yos [¥002] Te %2
LAL 8°0L UeIseone;) LIH €V Id 91 F G0t VFIT Ggg MITAISIUT PaINIONI}S ‘sorutp TSI AI'INSd yoraouelsnyy
I9PJIOSIP
EYNGBE) 81
%€ 0T
.wg BY' V1
1OpI0SId . (SID)
[euonjows T'6€ JoMeIAIe}UI OTpsouUSeIp
1013100 %9°GT ‘§'T¥ a1 rey Lo 9er PaInjonI}g Uo paseq oturp origeryassd
-0seD AL L8 esouryy QO ‘T'LAD ‘T9IH ‘8IS Id F900T 9ZFF0I (1123 SesOUSeIP SNSUSSUO) Ayszearun AI-INSA [7003] e 30 uBrd
a4 [£003]
-HHILAL a've6 osaueMIE], ¥OLL ‘P @O 8L LD ‘g Id G1—-9 01T AI-INSA ‘Te 30 Uy
UOTJRULIOJUT
[eoTUI[d PUB MITAISIUL
orsouSerp paInjoniys [mo1A01
-TWes U0 pPaseq 2003 “Te 1
LAL UeISBONED) €€ SISOUSEIp SNSULsU0)) RILNe] Y-II-INSA  BYBIN] YvAdD
ISPJIOSIP
R . Ayerxue se[eos Jut dnoas
%C6 .Hmﬂioﬁm% -Jed pUB UOTJBULIOJUT ja0ddns qUAV
poowr %87 ‘03 0°06 LD [BOTUI[ U0 paseq [00YPs SoruT[d [2002]
1AL 1L ysup @71 ‘gL AAO/dD ‘S IH ‘G'L1d yI-¥ 8TT sesoudeIp snsuesuo)  oLferyaAsd PLISI AT-INSA Te 90 Lapary
J19pI0SIp -3[) UOTjeULIOJUT
uorssoxdap AWMMMMWWCN N.Smtim.wsw
/KjorxUE -paInjoNnI}s uo paseq [100Z]
LAL uelseoney) %8 OLL, %¥E 00T LD T1T SISOUSerp snsuesuo)) SOTUT[D A)IsIeATU) AT"INSA Te 19 ue.LINy
JIOPIOSTP 68 IOT'6 [1003]
LAL UeISBONE) SATIO9]JR %E IH 6’1 Id 99 Ssoturpy AysaoAruf) AI'INSd ‘Te 7o Ue.LIND)
9'G¢ 1O (DIHVIN) Mor1aza3UT
LAL gL LINOSSTIA ‘8L TH ‘9'99 Id 61—L 61¢ onsouderp paimponyg sotutpo A1eryohsq AI-INSA [1T00Z] Te 32 PPOL,
(VdVD)
MITATSIUT OTYSOU somurp 0T-ddI pue [0002]
LAL VL JU80S9p YsnLIg T'STF216 EETFLI6 LET -3erp paanjonags-tweg  ArgerydAsd PLUSIA AT-INSA/Y-TIT-INSA ‘Te 30 sowoy
[0002]
LAL vsn (44 AT-INSA ‘Te 7° Bpjeun
a”Hav
10 [BLI} UOTJROIpaTL
WYHH Arprqaourco ©OSIO JuewS [0002]
‘LAL V'S’[1 SNOLISS JNOYITMW 00T LD Ge< Z1—L 08 MOTAIDIUT PAINJONIIS © J10J PIJIMIINY AI-INSA  ‘[e 30 uosuemg
(swerqoad Surures|
oreos Sur pue eI0IARYSq
-jeu oysouserp Arows UM UBIP[IYD) [866T]
LAL 69 uelseoney) GL'CF9C6 LTT uo paseq stsouder( SoTur[d A1erydssq AT'INSA  'Te 3° uewpe (|
SPOYISIN (%) uSuiQ atuyly Ayprqaowio)) (%) sedfiqns P opdweg dnoas o8y  spueqord  juswssesse onysouserq JUOWIUTR)ISISE BLILIO Apnig
spueqoad ur eoarury) Jo JaquunN odureg onsouder(g
uorjrodoad
o[3[® ¥-0T

SISA[RUVY-BISI\ UL 9pPN[OU] SOOIy [BNPIAIPU] JO So1isLIajoeIey)) aAnpdLIoso(q ‘T A 19dV.L



Yang et al.

544

[ouos €'L9 Mmaraoqut [9002]
-9SB) 9°06 3uoyf uoy ID'L'L TH ‘68 Id 81> 79 O1SOUSRIP PaINjoNIg orurp AYIsIvAruf AT'INSA Te 38 jnayH
(VavDd) 0T-adI
[oryuod T'eT+ MarazeguT d1IsouSerp sotuta pue AT-INSAd [go0z]
-9sB) VL ysng ¢'16 EE'TFLT6 €9¢ pemmpnys-rueg  Anerydodsd Jorusiq 10 G- TII-INSA ‘Te 90 £of3ue]
[013u02-05B)
[o13u00 aareuuorjsenb otut(o Aryeryohsd [2003]
-ase) 29 ewQ 26 uo paseq sisouSerq AyIsIoATUN) AI'INSA ‘Te 19 YosuIg
soTeos Surjed dnoi3
pue uorjeUWLIOJUL jaoddns QHQV
02 06 [eoTur]d uo paseq ‘[ooys sorur[d [€002]
YYHH TL Uysul 7T ‘gL AdO/dD IO ‘68 IH ‘9L Id vi-v STI sosougerp snsuesuo)  OLeIYdAsd JLSI AT'INSA Te 7o Ime
1013102
-9sB) (% GILLD VEVIF (H-SAVSI) morateur orurpd oreryohsd [To0z]
“GYHH VL uerizerg QO ‘9eTdD VL IH ‘TITId 606 €CEF 10T 18 PaINIONIIS-TUOS  JUSISS[OPE PUR PIIY) AI'INSA Te 30 uewioy
[ooyas [666T]
YYHH G6 esauryy €91 F896 80FE0T VL uoryeonpa [eradg -III-INSa Te 90 Suerp
sa[eos Jurjer
pue uorjeuLIOjUT
eee [eoTur uo paseq
4Y4HH 9L ueseane) QO ‘20T AD 0'CT+9°L6 L1 LS SISOUJRIP SNSULSU0)) orurp AYIsIvAruf Y-III-INSA [$661] Te 30 300D
69<%L8 soreos
69—09 Suryer pue melAIejul  SOIUT] dLIyerydAsd [9003]
LAL 06 oseuBMIg], 6T AQO/ad 8L 10 ‘%e Id %ET 09'6F96'8 91¢ painjonas-raeg PIIYo PLOSIQ AI"INSd ‘Te 39 soxo01g
(ANHHOAJAH)
UeTS MITAISUT [9002]
LAL gL -eone)) ueadoangy 00T LD 0L< $€CF 1701 08T painjonas-rureg AT'INSA ‘Te 39 sexo0Ig
soreos
Suryex pue (VOIQ)
[013U0d MOTATOUT dT)souSerp A[reuoryeu
058D LAL uelsgonen ¥6 10 ‘91d STF60T 2g¢F206 €91 paInpnLys-uisg pue A[ed0] pajmisey AT"INSA [$002] Te 3 990
sereos Jurjea
pue uoIjRULIO}
Ut [eoTuI[d
uo paseq
(AI-SDIdD)
epeUR) SMOTATSIUL
(swerqoad Surures
pue [eJIoTARYSq
LS UM USIPTIYD)
LAL T'T1L 1D ‘6T TH %3 Id 08< LT-9 8LT painjonans-rueg Sotut[o PLOSIQ AT-INSA [9002] T8 10 Suag
SPOYIe N (%) urdLIQ ATuyIy Ap1gaowo)) (%) sedfyqns  PI ojdwreg dnoiS a8y spueqoid JuowISsasSe d13SOUSRI(] JUOUWIUTR)LISIS® BLIOILIO Apmig
spueqoad ut Teotur) Jo JequInN ordwreg apsouderq
uoryrodoad
o[elre 4-01

(ponuguo)) T H19VL



Association Between 10-Repeat Allele in DAT and ADHD

Simseka et al., 2005; Brookes et al., 2006; Cheuk et al., 2006]
and 25 studies were included in current meta-analysis (18 for
TDT, 7 for HHRR, and 6 for case-control studies), as listed in
Table I. A few studies were initially identified but later
excluded because they did not meet inclusion criteria. Studies
by Langley et al. [2005], Bakker et al. [2005], and Cheuk et al.
[2006] were excluded in TDT studies because there were
inconsistence between TDT method and the results and our
inquires received no replies. For TDT, studies by Barr et al.
[2001], Qian et al. [2003, in Chinese], and Palmer et al. [1999]
were excluded because they were not independent from the
studies by Feng et al. [2005], Qian et al. [2004], and
Kustanovich et al. [2004], respectively. For HHRR, studies by
Kirley et al. [2002], Gill et al. [1997], and Daly et al. [1999] were
excluded without being independent from study by Hawi et al.
[2003]. Muglia et al. [2002] was excluded because categorical
data were not reported. Studies of Curran et al. [2001] and
Brookes et al. [2006] involved two samples so they were
included as two independent studies, respectively.

Table II gives the odds ratios and their 95% ClIs for the 18
TDT studies. There was statistically significant evidence for
heterogeneity of the OR among these studies (Q=26.475,
df=17, P=0.066 <0.10, 12=35.8%) and the random effect
model was chosen. Although 10 of these studies showed a
positive association between ADHD and the DAT1 10-repeat
allele, only three showed a statistically significant effect. The
combined estimate was small but statistically significant
(OR=1.17, 95% CI=1.05-1.30, chi-square=38.11, df=1,
P=0.004).

The studies distribution of the funnel plot was substantially
symmetrical about the combined effect size (Fig. 1). The
Egger’s regression intercept and Begg’s rank correlation were
not significant (Intercept =1.259, t =1.669, df =16, P=0.115;
Kendall’ tau =0.216, P=0.225, respectively), suggesting no
publication bias for TDT studies.

For TDT studies, we further grouped the studies according to
the ethnic origin, and the results showed no significantly
preferential transmission of the 10-repeat allele of the DAT
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gene either in Asian children with ADHD (Q =6.06, P=0.19;
OR=1.42, 95%CI =1.00-2.01 for fixed effect model) or in
western children (Q=19.00, df=12, P=0.09, I*>=36.8%;
OR=1.19, 95%CI = 0.96—1.48 for random effect model).

For seven HHRR studies, there was statistically significant
evidence for heterogeneity of the OR (Q=14.88, df=6,
P=0.021) and the random effect model was chosen. The
combined estimate was not statistically significant (OR = 1.50,
95% C1=0.97-2.33,z=1.81, P=0.07) (Table III).

For six case-control studies, there was no statistically
significant evidence for heterogeneity of the OR (Q=4.04,
df=5, P=0.54) and the fixed effect model was chosen. The
combined estimate was not statistically significant (OR = 0.95,
95% C1=0.80-1.12, z=—0.61, P =0.54) (Table IV).

DISCUSSION

Our meta-analysis showed a small but statistically signifi-
cant association between the 10-repeat allele of a VNTR
polymorphism in 3'-UTRof DATI gene and ADHD in TDT
studies but not in HHRR and case-control studies. Based on the
detection of unequal transmission of particular alleles by
heterozygous parents to affected children, the TDT has certain
advantages over HHRR and case-control methods [Schaid and
Sommer, 1994]. These advantages include greater statistical
power, robustness against artifacts induced by population
stratification, the provision of a test of linkage in the presence
of association. The number of studies included in TDT
was much more than those in HHRR and case-control
studies. In this part, we would mainly discuss the result of
TDT method.

There was significant heterogeneity among studies within
TDT study given the wide range of clinical methods used
(Table I). A random-effects model may be used to incorporate
heterogeneity among trials (Cochrane reviewer’s handbook
4.2.2). This model is particularly germane for this study
because substantial between-study differences are expected
due to genetic heterogeneity, diagnostic differences, diverse

TABLE II. Meta-Analysis of TDT Studies of Association Between ADHD and 10-Repeat Allele of DAT1 Gene

10-repeat allele

Expected distribution

Number of
Study transmission T NT T NT OR 95% CI Z-value P-value
Waldman et al. 137 90 47 68.5 68.5 191 1.35-2.72 3.61 0.0003
[1998]
Swanson et al. 26 10 16 13 13 0.63 0.28-1.38 -1.17 0.24
[2000]
Lunetta et al. [2000] 27 17 10 13.5 13.5 1.70 0.78-3.71 1.33 0.18
Holmes et al. [2000] 85 40 45 42.5 42.5 0.89 0.58-1.36 —0.54 0.59
Todd et al. [2001] 122 55 67 61 61 0.82 0.57-1.17 —1.08 0.28
Curran et al. [2001] 59 39 20 29.5 29.5 1.95 1.14-3.34 2.43 0.02
Curran et al. [2001] 87 39 48 43.5 43.5 0.81 0.53-1.24 —0.96 0.34
Kirley et al. [2002] 79 49 30 39.5 39.5 1.63 1.04-2.57 2.12 0.03
CEDAR [2002] 18 9 9 9 9 1 0.40-2.52 0 1
Chen et al. [2003] 21 16 5 10.5 10.5 3.2 1.17-8.74 2.27 0.02
Qian et al. [2004] 92 43 49 46 46 0.88 0.58-1.32 —-0.63 0.53
Kustanovich et al. 249 119 130 124.5 124.5 0.92 0.71-1.17 —-0.70 0.49
[2004]
Wang et al. [2004] 20 13 7 10 10 1.86 0.74—-4.65 1.32 0.19
Kim et al. [2005] 33 17 16 16.5 16.5 1.06 0.54-2.10 0.17 0.86
Feng et al. [2005] 152 76 76 76 76 1 0.73-1.37 0 1
Bobb et al. [2005] 32 20 12 16 16 1.67 0.81-3.41 1.40 0.16
Brookes et al. [2006] 97 65 32 48.5 48.5 2.03 1.33-3.10 3.28 0.001
Brookes et al. [2006] 37 28 9 18.5 18.5 3.11 1.47-6.59 2.96 0.003
Combined 1373 745 628 686.5 686.5 1.17 1.05-1.30 8.11% 0.004*

T, transmitted (number of times the allele is transmitted from heterozygous parents to the proband); NT, not transmitted.
*Chi-square P-value, df =1.
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Fig. 1. Funnel plot of study precision by log odds ratio.

clinical subtypes, and differing ascertainment schemes
between the studies. Thus, because it will generally yield
a wider confidence interval, it is more conservative than a
fixed-effects model [Berlin et al., 1989].

In light of the careful selection of included studies, we pooled
the data of 1,373 informative meioses. Compared with 885
informative meioses in study by Purper-Ouakila et al. [2005],
our data are more powerful to detect small effect size of minor
gene in polygenic disorder such as ADHD. There is increasing
evidence that small-sample-size association studies lack
statistical power and have resulted in apparently contra-
dicting findings. The use of meta-analysis is an important step
in reconciling previously conducted studies with inconsistent
results. One limitation of meta-analysis is publication bias,
because the likelihood of publishing a study could be related to
the positive results of the study [Egger et al., 1997]. In the
current study, the funnel plot is quite symmetrical, showing no
evidence of publication bias. The Egger’s regression intercept
and Begg’s rank correlation tests further confirm no publica-
tion bias in TDT studies.

DAT1 alleles frequencies are different among diverse ethnic
origin [Kang et al., 1999; Mitchell et al., 2000]. When we
categorized studies into two groups according to the ethnicity,
the number of studies including in the pooled meta-analysis
was 13 and 5 for western children with ADHD and for

Asian children, respectively (Table I); and the number of
informative meioses reduced to 1,170 and 203, respectively.
The heterogeneity among studies was significantly different in
the former and not in the latter. The odds of having statistically
significant heterogeneity between the studies in a meta-
analysis is greater when more studies were carried out
[Toannidis et al., 2001]. Compared with the whole pooled
meta-analysis, the IZincreased from 35.8% to 36.8%, indicating
very little influence of the ethnicity on the association of
10 repeat VNTR of DAT'1 gene and ADHD.

The DAT is expressed selectively in all dopamine neurons,
including those originating in the substantia nigra and ventral
tegmental area [Ciliax et al., 1995], with neuronal projections
to the striatum, nucleus accumbens, prefrontal cortex, and
hypothalamus. High densities of DAT-immunoreactive axons
were also detected in posterior parietal cortex and dentate
gyrus of the hippocampus [Lewis et al., 2001].

The mechanism by which DAT expression is regulated is
not yet fully understood. The DAT limits the duration of
synaptic activity and diffusion by sequestering dopamine into
neurons [Cragg and Rice, 2004]. Accumulating evidence that
the 3’-UTR influences the nuclear export, polyadenylation,
subcellular targeting, and rates of transcription and degrada-
tion of mRNA [Conne et al., 2000] supports the possibility that
a VNTR polymorphism in this region could exert a regulatory

TABLE III. Meta-Analysis of HHRR Studies of Association Between ADHD and 10-Repeat Allele of DAT1 Gene

Transmitted Untransmitted
Study 10-R allele Other alleles 10-R allele Other alleles OR 95% CI1 Z-value P-value
Hawi et al. [2003] 145 42 121 66 1.88 1.19-2.97 2.72 0.007
Wang et al. [2004] 100 8 94 14 1.86 0.75-4.64 1.33 0.18
Swanson et al. [2000] 60 20 66 14 0.64 0.30-1.37 -1.15 0.25
Cook et al. [1995] 72 12 57 27 2.84 1.32-6.10 2.68 0.007
Jiang et al. [1999] 136 12 136 12 1.00 0.43-2.30 0 1.00
Roman et al. [2001] 105 30 106 29 0.96 0.54-1.71 —0.15 0.88
Chen et al. [2003] 4.5 1.3-16.4 2.37 0.02
Combined 1.50 0.97-2.33 1.81 0.07

Study by Chen et al. [2003] only reported the OR and 95% CI.
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TABLE IV. Meta-Analysis of Case-Control Studies of Association Between ADHD and 10-Repeat Allele of DATI Gene
Case Control
Study 10-R allele Other alleles 10-R allele Other alleles OR 95% CI Z-value P-value
Qian et al. [2004] 578 86 392 40 0.69 0.46-1.02 —1.87 0.06
Cheuk et al. [2006] 116 12 119 9 0.73 0.30-1.80 —0.68 0.50
Langley et al. [2005] 387 139 424 150 0.99 0.75-1.29 -0.11 0.91
Roman et al. [2001] 98 34 166 58 1.01 0.62-1.65 0.03 0.98
Simseka et al. [2005] 59 33 67 43 1.15 0.65-2.04 0.47 0.64
Bobb et al. [2005] 88 238 65 193 1.10 0.77-1.59 0.49 0.62
Combined 1,326 542 1,233 493 0.95 0.80-1.12 -0.61 0.54

influence on gene function. Recent studies suggest that DAT1
VNTR variants may increase DAT expression. Michaelhaugh
et al. [2001] found that the 9-repeat DAT1 allele enhanced
transcription in dopamine neurons in neonatal rat midbrain
and in an immortalized dopaminergic cell line. Fuke et al.
[2001] and VanNess et al. [2005] showed that the 10-repeat
DAT1 allele increased gene expression in human DNA. Inoue-
Murayama et al. [2002], who assessed the relative luciferase
activities associated with the human 9-, 10-, and 11-repeat
alleles in addition to several non-human primate DAT1
VNTRs, reported an inverse relationship between reporter
gene activity and repeat number, an observation consistent
with possible length-dependent reductions in transfection
efficiency. Miller and Madras [2002] demonstrated that vectors
containing the 3'-UTR region of the human 9-repeat DATI
gene resulted in higher levels of reporter gene expression than
analogous vectors containing the 10-repeat DAT1 3'-UTR.
However vectors containing human 3'-UTR 10-repeat seg-
ments that differed on the basis of a single nucleotide
polymorphism (SNP) had different effects on reporter gene
expression in vitro. Mill et al. [2002] demonstrated that DAT1
mRNA levels were higher in human brain and lymphocyte
tissue in individuals with the 10-repeat DAT1 allele compared
to those with the 9-repeat DAT1 allele. Thus evidence from
these studies strongly suggest that variability in the length or
sequence of the 3'-UTR of the DAT1 gene may influence levels
of DAT in the brain. This may be through transcriptional
regulation as suggested in the study by Michaelhaugh et al.
[2001]. Alternatively VNTR sequences can act as translational
and functional regulators of mRNA or as structural modifiers
of protein [Nakamura et al., 1998]. However, Mill et al. [2005],
who recently published a well-controlled set of reporter gene
analyses using both neuronal and non-neuronal cell lines,
found no significant difference in reporter gene activity
attributable to VNTR copy number.

In some studies, abnormal levels of the DAT have been
detected in the brains of ADHD subjects [Cheon et al., 2003;
Krauseetal., 2003]. However, the number of tandem repeats in
the 3’ URT of the DAT1 gene is not clearly associated with DAT
density. Two studies demonstrated a higher DAT density with
the 10/10 repeat genotype [Heinz et al., 2000; Cheon et al.,
2005]. However, another study found a lower density in the 10/
10 than in the 9/10 repeat genotype [Jacobsen et al., 2000],
while a third study found no difference in DAT density among
different genotypes [Martinez et al., 2001]. Recent data
suggested that a specific haplotype involving the 10-repeat
allele is specifically associated with ADHD. The 3’ untrans-
lated VNTR might not be the functional site itself but instead is
acting as a tagging marker for a nearby functional site, or the
VNTR sequence might be interacted with a second functional
polymorphic site. In these cases, differences in the strength of
association between the 3’ VNTR and an alternative DAT1
functional site, or differences in the frequency of interacting
genetic variants could influence the size of main effects
observed with the 10-repeat allele. Barr et al. [2001] reported

significant evidence of increased transmission of a haplotype of
the 10-repeat allele with SNP alleles in exon 9 and intron 9 and
Galili-Weisstub et al. [2005] with an exon 15 SNP. Hawi et al.
[2003] also reported haplotype associations involving the 10-
repeat allele but in association with alleles of simple sequence
repeat markers flanking the gene. These studies indicate that
the 10-repeat allele is most likely acting as a tagging marker for
an alternative functional site.

Besides ethnicity, other confounding factors or moderators
affecting the association between DAT1 10 repeat allele and
ADHD should also be noted. Based on phenomenology, the
ADHD phenotype can be divided into various subtypes
(e.g., the inattentive, hyperactive-impulsive, and combined
subtypes described in DSM-IV), and it is not clear whether
these subtypes share the same geneticrisk factors [Crosbie and
Schachar, 2001]. In addition, comorbidity may reflect common
genetic influences [Comings et al., 1996; Vandenbergh et al.,
2000; Willcutt et al., 2000; Loo et al., 2004] and cannot be
studied in the current analysis because of the insufficient
data of available studies. Although random effect models,
anticipating the genuine differences in studies, incorporate a
between-study variance in their estimates and are more
conservative, further studies are needed to minimize the
heterogeneity among pooled studies. The endophenotypes
may serve as intermediates to reduce the influence of
heterogeneity instead of the phenotype of this disorder in the
genetic study.

In summary, we show evidence of a small but significantly
positive association between the DAT1 10 repeat allele
and ADHD. It is possible that the 3’ untranslated VNTR
functions in the control of expression of the DAT'I gene so that
the number of repeats is directly related to the expression of
the DATI1 gene. However, it may be that this allele is in
linkage disequilibrium with the functional DNA variants
that contribute to the ADHD phenotype. Further analysis of
the variants in DATI1 gene is necessary to identify other
possible sequence variants within the gene that contribute to
the increased susceptibility to ADHD.

REFERENCES

Asherson P, Virdee V, Curran S, Ebersole L, Freeman B, CraigI, et al. 1998.
Association study of DSM-IV attention deficit hyperactivity disorder
(ADHD) and monoamine pathway genes. Am J Med Genet 81:549.

Bakker SC, van der Meulen EM, Oteman N, Schelleman H, Pearson PL,
Buitelaar JK, et al. 2005. DAT1, DRD4, and DRD5 polymorphisms are
not associated with ADHD in Dutch families. Am J Med Genet Part B
132B:50-52.

Barr CL, Xu C, Kroft J, Feng Y, Wigg K, Zai G, et al. 2001. Haplotype study of
three polymorphisms at the dopamine transporter locus confirms
linkage to attention-deficit/hyperactivity disorder. Biol Psychiatry
49:333-339.

Berlin JA, Laird NM, Sacks HS, Chalmers TC. 1989. A comparison of

statistical methods for combining event rates from clinical trials. Stat
Med 8:141-151.



548 Yang et al.

*Bobb AJ, Addington AM, Sidransky E, Gornick MC, Lerch JP, Greenstein
DK, et al. 2005. Support for association between ADHD and two
candidate genes: NET1 and DRD1. Am J Med Genet Part B 134B:67-72.

Borenstein M, Hedges L, Higgins J, Rothstein H. 2005. Comprehensive
Meta-analysis Version 2. Biostat. NJ: Englewood.

*Brookes KdJ, Mill J, Guindalini C, Curran S, Xu XJ, Knight J, et al. 2006. A
common haplotype of the dopamine transporter gene associated with
attention-deficit/hyperactivity disorder and interacting with maternal
use of alcohol during pregnancy. Arch Gen Psychiatry 63:74—81.

Cardinal RN, Pennicott DR, Sugathapala CL, Robbins TW, Everitt BJ. 2001.
Impulsive choice induced in rats by lesions of the nucleus accumbens
core. Science 292:2499-2501.

Castellanos FX. 2001. Neuroimaging studies of ADHD. In: Solanto MV,
Arnsten AF, Editors. Stimulant drugs and ADHD: Basic and clinical
neuroscience. New York: Oxford University Press. p. 243—258.

*Chen CK, Chen SL, Mill J, Huang YS, Lin SK, Curran S, et al. 2003.
The dopamine transporter gene is associated with attention deficit
hyperactivity disorder in a Taiwanese sample. Mol Psychiatry 8:39—
396.

Cheon KA, Ryu YH, Kim YK, Namkoong K, Kim CH, Lee JD. 2003.
Dopamine transporter density in the basal ganglia assessed with
[123T]IPT SPECT in children with attention deficit hyperactivity
disorder. Eur J Nucl Med Mol Imaging 30:306—311.

Cheon KA, Ryu YH, Kim JW, Cho DY. 2005. The homozygosity for 10-repeat
allele at dopamine transporter gene and dopamine transporter density
in Korean children with attention deficit hyperactivity disorder:
Relating to treatment response to methylphenidate. Eur Neuropsycho-
pharmacol 15:95-101.

*Cheuk DKL, Li SYH, Wong V. 2006. No Association between VNTR
polymorphisms of dopamine transporter gene and attention deficit
hyperactivity disorder in Chinese children. Am J Med Genet Part B
141B:123-125.

Ciliax BJ, Heilman C, Demchyshyn LL, Pristupa ZB, Ince E, Hersch SM,
et al. 1995. The dopamine transporter: Immunochemical characteriza-
tion and localization in brain. J Neurosci 15:1714-1723.

Comings DE, Wu S, Chiu C, Ring RH, Gade R, Ahn C. et al. 1996. Polygenic
inheritance of Tourette syndrome, stuttering, attention deficit hyper-
activity, conduct, and oppositional defiant disorder: The additive and
subtractive effect of the three dopaminergic genes—DRD2, D beta H, and
DAT1. Am J Med Genet 67:264—288.

Conne B, Stutz A, Vassalli JD. 2000. The 3’ untranslated region of
messenger RNA: A molecular ‘hotspot’ for pathology? Nat Med 6:637—
641.

*Cook EH, Stein MA, Krasowski MD, Cox NdJ, Olkon DM, Kieffer JE, et al.
1995. Association of attention-deficit disorder and the dopamine
transporter gene. Am J Hum Genet 56:993—998.

Cooper H, Hedges LV, editors. 1994. The Handbook of Research Synthesis.
New York: Russell Sage Foundation.

Cragg SJ, Rice ME. 2004. Dancing past the DAT at a DA synapse. Trends
Neurosci 27:270-2717.

Crosbie J, Schachar R. 2001. Deficient inhibition as a marker for familial
ADHD. Am J Psychiatry 158:1884—1890.

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

Daly G, Hawi Z, Fitzgerald M, Gill M. 1999. Mapping susceptibility loci in
attention deficit hyperactivity disorder: Preferential transmission of
parental alleles at DAT1, DBH and DRD5 to affected children. Mol
Psychiatry 4:192—-196.

DiMaio S, Grizenko N, Joober R. 2003. Dopamine genes and attention
deficit hyperactivity disorder: A review. J Psychiatry Neurosci 28:
27-38.

Dougherty DD, Bonab AA, Spencer TJ, Rauch SL, Madras BK, Fischman AdJ.
1999. Dopamine transporter density in patients with attention deficit
hyperactivity disorder. Lancet 354:2132—-2133.

Dresel S, Krause J, Krause KH, LaFougere C, Brinkbaumer K, Kung
HF, et al. 2000. Attention deficit hyperactivity disorder: Binding of
[99mTc]TRODAT-1 to the dopamine transporter before and after
methylphenidate treatment. Eur J Nucl Med 27:1518—-1524.

*These studies pooled up in the meta-analysis.

Egger M, Davey Smith G, Schneider M, Minder C. 1997. Bias in meta-
analysis detected by a simple, graphical test. Br Med J 315:629—
634.

Ernst M, Zamekin AJ, Matochik JA, Pascualvaca D, Jons PH, Cohen H.
1999. High midbrain DOPA accumulation in children with attention
deficit hyperactivity disorder. Am J Psychiatry 156:1209—-1215.

Faraone SV, Biederman J. 1998. Neurobiology of attention-deficit hyper-
activity disorder. Biol Psychiatry 44:951-958.

Faraone SV, Doyle AE. 2000. Genetic influences on attention deficit
hyperactivity disorder. Curr Psychiatry Rep 2:143—146.

Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick JJ, Holmgren MA,
et al. 2005. Molecular genetics of attention-deficit/hyperactivity dis-
order. Biol Psychiatry 57:1313—-1323.

*FengY, Wigg KG, Makkar R, Ickowicz A, Pathare T, Tannock R, et al. 2005.
Sequence variation in the 3'-untranslated region of the dopamine
transporter gene and attention-deficit hyperactivity disorder (ADHD).
Am J Med Genet Part B 139B:1-6.

Fuke S, Suo S, Takahashi N, Koike H, Sasagawa N, Ishiura S. 2001. The
VNTR polymorphism of the human dopamine transporter (DAT1) gene
affects gene expression. Pharmacogenom J 1:152—156.

Gainetdinov RR, Caron MG. 2001. Genetics of childhood disorders: XXIV.
ADHD, part 8: Hyperdopaminergic mice as an animal model of ADHD. J
Am Acad Child Adolesc Psychiatry 40:380—382.

Galili-Weisstub E, Levy S, Frisch A, Gross-Tsur V, Michaelovsky E, Kosov A,
et al. 2005. Dopamine transporter haplotype and attention-deficit
hyperactivity disorder. Mol Psychiatry 10:617—618.

Gatley SJ, Volkow ND, Gifford AN, Fowler JS, Dewey SL, Ding YS, et al.
1999. Dopamine-transporter occupancy after intravenous doses of
cocaine and methylphenidate in mice and humans. Psychopharmacol-
ogy 146:93-100.

Gill M, Daly G, Heron S, Hawi Z, Fitzgerald M. 1997. Confirmation of
association between attention deficit hyperactivity disorder and a
dopamine transporter polymorphism. Mol Psychiatry 2:311-313.

Giros B, El Mestikawy S, Godinot N, Zheng K, Han H, Yang-Feng T, et al.
1992. Cloning, pharmacological characterization, and chromosome
assignment of the human dopamine transporter. Mol Pharmacol
42:383-390.

Giros B, Jaber M, Jones SR, Wightman RM, Caron MG. 1996. Hyperlocomo-
tion and indifference to cocaine and amphetamine in mice lacking the
dopamine transporter. Nature 379:606—612.

Granon S, Passetti F, Thomas KL, Dalley JW, Everitt BJ, Robbins TW. 2000.
Enhanced and impaired attentional performance after infusion of D1
dopaminergic receptor agents into rat prefrontal cortex. J Neurosci
20:1208-1215.

*Hawi Z, Lowe N, Kirley A, Gruenhage F, Nothen M, Greenwood T, et al.
2003. Linkage disequilibrium mapping at DAT1, DRD5 and DBH
narrows the search for ADHD susceptibility alleles at these loci. Mol
Psychiatry 8:299-308.

Heinz A, Goldman D, James DW, Palmour R, Hommer D, Gorey JG, et al.
2000. Genotype influences in vivo dopamine transporter availability in
human striatum. Neuropsychopharmacology 22:133-139.

*HolmesJ, Payton A, Barrett JM, Hever T, Fitzpatrick H, Trumper AL, et al.
2000. A family-based study and case-control association study of the
dopamine D4 receptor gene and dopamine transporter gene in attention
deficit hyperactivity disorder. Mol Psychiatry 5:523—530.

Inoue-Murayama M, Adachi S, Mishima N, Mitani H, Takenaka O, Terao K,
et al. 2002. Variation of variable number of tandem repeat sequences in
the 3'-untranslated region of primate dopamine transporter genes that
affects reporter gene expression. Neurosci Lett 334:206—210.

Toannidis JPA, Ntzani EE, Trikalinos TA, Contopoulos-Ioannidis DG. 2001.
Replication validity of genetic association studies. Nat Genet 29:306—
309.

Jacobsen LK, Staley JK, Zoghbi SS, Seibyl JP, Kosten TR, Innis RB,
et al. 2000. Prediction of dopamine transporter binding availabi-
lity by genotype: A preliminary report. Am J Psychiatry 157:1700—
1703.

*Jiang SD, Xin RN, Qian YP, Lin SC, Tang GM, Wang DY, et al. 1999.
The relationship between attention2deficit hyperactivity disorder
and dopamine transporter 1 gene. Chin J Nerv Ment Dis 25:355-357
(in Chinese).

Kang AM, Palmatier MA, Kidd KK. 1999. Global variation of a 40-bp VNTR

in the 39-untranslated region of the dopamine transporter gene
(SLC6A3). Biol Psychiatry 46:151—-160.



Association Between 10-Repeat Allele in DAT and ADHD

*Kim YS, Leventhal BL, Kimd SJ, Kime BN, Cheon KA, Yoo HJ, et al.
2005. Family-based association study of DAT1 and DRD4 polymor-
phism in Korean children with ADHD. Neurosci Lett 390:176—
181.

*Kirley A, Hawi Z, Daly G, McCarron M, Mullins C, Millar N, et al. 2002.
Dopaminergic system genes in ADHD: Toward a biological hypothesis.
Neuropsychopharmacology 27:607-619.

Krause KH, Dresesl SH, Krause J, Kung HF, Tatsch K. 2000. Increased
striatal dopamine transporter in adult patients with attention deficit
hyperactivity disorder: Effects of methylphenidate as measured by
single photon emission computed tomography. Neurosci Lett 285:107—
110.

Krause KH, Dresesl SH, Krause J, la Fougere C, Ackenheil M. 2003. The
dopamine transporter and neuroimaging in attention deficit hyperac-
tivity disorder. Neurosci Biobehav Rev 27:605—613.

*Kustanovich V, Ishii J, Crawford L, Yang M, McGough JJ, McCracken
JT, et al. 2004. Transmission disequilibrium testing of dopamine-
related candidate gene polymorphisms in ADHD: Confirmation of
association of ADHD with DRD4 and DRD5. Mol Psychiatry 9:711—
717.

*Langley K, Turic D, Peirce TR, Mills S, Van Den Bree MB, Owen MJ, et al.
2005. No support for association between the dopamine transporter
(DAT1) gene and ADHD. Am J Med Genet Part B 139B:7-10.

Levy F. 1991. The dopamine theory of attention deficit hyperactivity
disorder (ADHD). Aust N Z J Psychiatry 25:277-283.

Levy F, Hay DA, McStephen M, Wood C, Waldman I. 1997. Attention-deficit
hyperactivity disorder: A category or a continuum? Genetic analysis of
a large-scale twin study. J Am Acad Child Adol Psychiatry 36:737—
744.

Lewis DA, Melchitzky DS, Sesack SR, Whitehead RE, Auh S, Sampson A.
2001. Dopamine transporter immunoreactivity in monkey cerebral
cortex: Regional, laminar, and ultrastructural localization. J Comp
Neurol 432:119-136.

Li LB, Chen N, Ramamoorthy S, Chi L, Cui XN, Wang LC, et al. 2004. The
role of N-glycosylation in function and surface trafficking of the human
dopamine transporter. J Biol Chem 279:21012-21020.

Loo SK, Fisher SE, Francks C, Ogdie MN, MacPhie IL, Yang M, et al. 2004.
Genome-wide scan of reading ability in affected sibling pairs with
attention-deficit/hyperactivity disorder: Unique and shared genetic
effects. Mol Psychiatry 9:485-493.

*Lunetta KL, Faraone SV, Biederman J, Laird NM. 2000. Family-based
tests of association and linkage that use unaffected sibs, covariates, and
interactions. Am J Hum Genet 66:605—-614.

Madras BK, Miller GM, Fischman AJ. 2002. The dopamine transporter:
Relevance to attention deficit hyperactivity disorder (ADHD). Behavior
Brain Res 130:57-63.

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

Martinez D, Gelernter J, Abi-Dargham A, van Dyck CH, Kegeles L, Innis
RB, et al. 2001. The variable number of tandem repeats polymorphism of
the dopamine transporter gene is not associated with significant change
in dopamine transporter phenotype in humans. Neuropsychopharma-
cology 24:553-560.

Michaelhaugh SK, Fiskerstrand C, Lovejoy E, Bannon MJ, Quinn JP.
2001. The dopamine transporter gene (SLC6A3) variable number of
tandem repeats domain enhances transcription in dopamine neurons.
J Neurochem 79:1033—-1038.

Mill J, Asherson P, Browes C, D’Souza U, Craig I. 2002. Expression of the
dopamine transporter gene is regulated by the 3-UTR VNTR: Evidence
from brain and lymphocytes using quantitative RT-PCR. Am J Med
Genet 114:975-979.

Mill J, Asherson P, Craig I, D’'Souza UM. 2005. Transient expression
analysis of allelic variants of a VNTR in the dopamine transporter gene
(DAT1). BMC Genet 6:3.

Miller GM, Madras BK. 2002. Polymorphisms in the 3'-untranslated region
of human and monkey dopamine transporter genes affect reporter gene
expression. Mol Psychiatry 7:44—55.

Mitchell RJ, Howlett S, Earl L, White NG, Mccomb J, Schanfield MS, et al.
2000. Distribution of the 3 VNTR polymorphism in the human
dopamine transporter gene in world population. Human Biol 72:295—
304.

Mosteller F, Colditz GA. 1996. Understanding research synthesis (meta-
analysis). Annu Rev Public Health 17:1-23.

549

Muglia P, Jain U, Inkster B, Kennedy JL. 2002. A quantitative trait locus
analysis analysis of the dopamine transport gene in adults with ADHD.
Neuropsychopharmacology 27:655—662.

Nadder TS, Silberg JL, Eaves LJ, Maes HH, Meyer JM. 1998. Genetic effects
on ADHD symptomatology in 7- to 13-Year-Old Twins: Results from a
Telephone Survey. Behavior Genet 28:83—99.

Nakamura Y, Koyama K, Matsushima M. 1998. VNTR (variable number of
tandemrepeat) sequences as transcriptional, translational, or functional
regulators. J Hum Genet 43:149-152.

Palmer CG, Bailey JN, Ramsey C, Cantwell D, Sinsheimer JS, Del’'Homme
M, et al. 1999. No evidence of linkage or linkage disequilibrium between
DAT1 and attention deficit hyperactivity disorder in a large sample.
Psychiatr Genet 9:157—-160.

Purper-Ouakila P, Wohla M, Mourena MC, Verpillat P, Ade J, Gorwood P.
2005. Meta-analysis of family-based association studies between the
dopamine transporter gene and attention deficit hyperactivity disorder.
Psychiatr Genet 15:53—59.

Qian Q, Wang Y, Li J, Yang L, Wang B, Zhou R. 2003. Association
studies of dopamine D4 receptor gene and dopamine transporter
gene polymorphisms in Han Chinese patients with attention deficit
hyperactivity disorder. Beijing Da Xue Xue Bao 35:412-418 (in
Chinese).

*Qian QJ, Wang YF, Zhou RL, Yang L, Faraone SV. 2004. Family-based and
case-control association studies of DRD4 and DAT1 polymorphisms in
Chinese attention deficit hyperactivity disorder patients suggest long
repeats contribute to genetic risk for the disorder. Am J Med Genet Part
B 128B:84-89.

Rice JP. 1997. The role of meta-analysis in linkage studies of complex traits.
Am J Med Genet 74:112—-114.

*Roman T, Schmitz M, Polanczyk G, Eizirik M, Rohde LA, Hutz MH. 2001.
Attention-deficit hyperactivity disorder: A study of association with both
the dopamine transporter gene and the dopamine D4 receptor gene. Am
J Med Genet 105:471-478.

Schaid DJ, Sommer SS. 1994. Comparison of statistics for candidate-gene
association studies using cases and parents. Am J Hum Genet 55:402—
409.

*Simseka M, Al-Sharbatib M, Al-Adawib S, Gangulyc SS, Lawatia K. 2005.
Association of the risk allele of dopamine transporter gene (DAT1*10) in
Omani male children with attention-deficit hyperactivity disorder. Clin
Biochem 38:739-742.

Sorrentino E, Volpicelli F, Eyman M, Greco D, Viggiano D, di Porzio U, et al.
2003. Altered midbrain dopaminergic neurotransmission during devel-
opment in an animal model of ADHD. Neurosci Biobehav Rev 27:661—
699.

*Swanson JM, Flodman P, Kennedy J, Spence MA, Moyzis R, Schuck S,
et al. 2000. Dopamine genes and ADHD. Neurosci Behavior Rev 24:
21-25.

Tannock R. 1998. Attention deficit hyperactivity disorder: Advances in
cognitive, neurobiological, and genetic research. J Child Psychol
Psychiatr 39:65—99.

Todd RD. 2000. Genetics of attention deficit/hyperactivity disorder:
Are we ready for molecular genetic studies? Am J Med Genet 96:241—
243.

Todd RD, Botteron KN. 2001. Is attention-deficit/hyperactivity disorder an
energy deficiency syndrome? Biol Psychiatry 50:151—-158.

*Todd RD, Jong YdJ, Lobos EA, Reich W, Heath AC, Neuman RJ. 2001. No
association of the dopamine transporter gene 3_ VNTR polymorphism
with ADHD subtypes in a population sample of twins. Am J Med Genet
105:745-748.

Vandenbergh DJ, Persico AM, Hawkins AL, Griffin CA, Li X, Jabs
EW, et al. 1992. Human dopamine transporter gene (DAT1) maps
to chromosome 5p15.3 and displays a VNTR. Genomics 14:1104—
1106.

Vandenbergh DJ, Thompson MD, Cook EH, Bendahhou E, Nguyen T,
Krasowski MD, et al. 2000. Human dopamine transporter gene: Coding
region conservation among normal, Tourette’s disorder, alcohol depen-
dence and attention-deficit hyperactivity disorder populations. Mol
Psychiatry 5:283—-292.

VanNess SH, Owens MJ, Kilts CD. 2005. The variable number of tandem
repeats element in DAT1 regulates in vitro dopamine transporter
density. BMC Genet 6:55—65.

Viggiano D, Grammatikopoulos G, Sadile AG. 2002. A morphometric

evidence for a hyperfunctioning mesolimbic system in an animal model
of ADHD. Behavior Brain Res 130:181-189.



550 Yang et al.

Vilar J, Piaggio G, Carroli G, Donner A. 1997. Factor affecting the
comparability of meta-analyses and largest trials results in perinatol-
ogy. J Clin Epidemiol 50:997—-1002.

Volkow ND, Wang GdJ, Fowler JS, Gatley SJ, Logan J, Ding YS, et al. 1998.
Dopamine transporter occupancies in the human brain induced by
therapeutic doses of oral methylphenidate. Am J Psychiatry 155:1325—
1331.

*Waldman ID, Rowe DC, Abramowitz A, Kozel ST, Mohr JH, Sherman SL,
et al. 1998. Association and linkage of the dopamine transporter gene
and attention-deficit hyperactivity disorder in children: Heterogeneity
owing to diagnostic subtype and severity. AmJ Hum Genet 63:1767—1776.

*Wang ZH, Wang YP, Yao KN, Yang YF, Liu L. 2004. Survey the
association between dopamine transporter gene polymorphism and
attention def icit hyperactivity disorder. CJCHC 12:289-292 (in
Chinese).

Willcutt EG, Pennington BF, DeFries JC. 2000. Twin study of the etiology of
comorbidity between reading disability and attention-deficit/hyperac-
tivity disorder. Am J Med Genet 96:293—301.

Xu M, Moratalla R, Gold LH, Hiroi N, Koob GF, Graybiel AM, et al. 1994.
Dopamine D1 receptor mutant mice are deficient in striatal expression of
dynorphin and in dopamine-mediated behavioral responses. Cell
79:729-742.



