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Adult attention deficit hyperactivity disorder
(ADHD) is a widely under-reported but never-
theless common condition with a clear heritable
component. Several genes have been proposed to
play a role in the childhood onset of this neuro-
developmental disorder; however, association
studies of persistence of ADHD into adulthood
have rarely been performed. Neurotrophic factors
(NTFs) are known to be involved in several aspects
of neuronal development and neural plasticity
in adults. They have also been linked, parti-
cularly through brain-derived neurotrophic fac-
tor (BDNF) interaction with dopamine transport,
to the pathophysiology of ADHD. This study
compares the genotypes of six different single
nucleotide polymorphisms of genes within the
neurotrophin system and their possible associa-
tion with adult ADHD score in 143 high-risk male
subjects referred to a forensic psychiatric unit.
The genes included NTF3, NTRK2 (TrkB), NTRK3
(TrkC), BDNF, and p75NTR. While none of the
SNPs showed significant association with ADHD
symptoms, one polymorphism within the exon of
NTF3 (rs6332) showed a trend toward an asso-
ciation between the A-allele and increased scores
using both the retrospective childhood analysis
Wender–Utah Rating Scale (WURS-k) (P¼0.05)
and the adult ADHD assessment Wender–
Reimherr interview (P¼0.03). This SNP is a silent
mutation which might be in linkage disequili-
brium with a functional risk variant for ADHD. As
the association was only suggestive, however,
this finding needs replication in a larger study
with higher power. � 2008 Wiley-Liss, Inc.
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INTRODUCTION

Attention Deficit/Hyperactivity disorder (ADHD) is a com-
plex psychiatric disorder that arises due to interactions
between environmental and biological influences with a strong
underlying genetic aetiology [Rowland et al., 2002]. Parents
(28.6%) with ADHD children previously presented symptoms
of hyperactivity themselves [Biederman et al., 1990]. It is
estimated that DSM-IV-defined ADHD affects between 4 and
12% of the population [Brown et al., 2001; Rösler et al., 2006].
The condition apparently arises in early childhood and persists
into adolescence and sometimes into adulthood, although the
hyperkinetic component is often more obvious in children
and adolescents. Studies show that up to 60% of patients
suffering from this disorder still show some or all of the ADHD
characteristics as adults [Barkley et al., 2002]. ADHD is often
associated with other psychiatric disorders making treatment
more complex as one must take into account the severity of the
comorbid profile [Neuman et al., 2001; Adler et al., 2005].
Individuals with ADHD are less likely to reach their academic
potential when compared to healthy individuals; additionally,
ADHD patients are more likely to change jobs more frequently;
there is also increased drug use and explicit delinquent
behavior [Barkley and Murphy 1978; Rösler et al., 2004].

Many studies have been performed on ADHD in children
and adolescents due to the common belief that the patients
will grow out of ADHD [Kordon et al., 2006]. A proportion
of people do grow out of ADHD; however, recent studies
have suggested that some adult patients continue to show
ADHD symptoms albeit different from the symptoms viewed
in children. ADHD diagnosis in adults is very complex; it
requires retrospective consideration of childhood ADHD
symptoms which can be obtained from a third party (family
member or medical records) or by self-assessment. The first
scale for retrospective self-assessment of ADHD symptoms was
the Wender–Utah Rating Scale (WURS) [Ward et al., 1993;
Wender, 1995]. The German short version of 25 questions
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(WURS-k) has been authenticated on national samples and
controls [Rösler et al., 2006]. Additionally, it is desirable that
the patient is given psychiatric assessment through stand-
ardized interviews such as the Wender–Reimherr Adult
Attention Deficit Disorder Scale (WRAADDS) by an experi-
enced clinician [Wender, 1995].

Prior studies have shown associations between ADHD
and various genetic polymorphisms of genes involved in
neurotransmitter metabolism [Domschke et al., 2005],
SNAP25-mediated neurotransmitter release [Kustanovich
et al., 2003; Feng et al., 2005] and the circadian rhythm
(CLOCK) [Kissling et al., 2007] amongst others. Pooled data
approaches or ‘‘meta-analyses’’ have highlighted a particularly
strong association between ADHD and genes involved in
dopamine transport and reception [Faraone et al., 2005;
Thapar et al., 2007]. However to date, no distinct chromosomal
region with a clear link to ADHD has been isolated.

Neurotrophic factors (NTFs) or neurotrophins are proteins
that regulate the survival and differentiation of selective
populations of neurons during embryonic development. Neuro-
trophins are crucial for many aspects of central nervous system
development and function including roles in the maintenance
of neural plasticity, the ability of neural circuits to undergo
changes in function or organization due to previous activity
and novel axonal growth, guidance, and regeneration [Hün-
nerkopf et al., 2007; Lynch et al., 2007]. Neurotrophin 3 in
particular has been implicated in the survival of adult neurons
and regulation of the enteric nervous system. The neuro-
trophins bind, with high affinity to tyrosine kinase (Trk)
receptors including a strong brain-derived neurotrophic factor
(BDNF) interaction with NTRK2 (TrkB) and a high affinity
NTF3 interaction with NTRK3 (TrkC). Neurotrophins also
bind with low affinity to p75 (nerve growth factor (NGFB)
receptor) with diverse functions including retrograde trans-
port of the neurotrophin or increased affinity of the neuro-
trophin for the Trk receptors [Blochl and Blochl, 2007].
Mutations in the genes encoding for neurotrophins could be a
causative factor resulting in a number of neuropsychiatric
disorders [Thome et al., 1997; Hattori et al., 2002; Kent et al.,
2005]. Neurotrophins have been shown to play a possible role
in the pathophysiology of ADHD in a study of BDNF gene
knockout mice [Monteggia et al., 2004; Monteggia et al., 2007].
BDNF is known to play a part in midbrain dopaminergic
function when it interacts with the dopamine transporter
(DAT), which is already thought to be important in the
pathology of ADHD [Tsai, 2007]. The decreased levels of
central BDNF are shown to play a part in the hyperactive
behavior of the mice [Tsai, 2007]; however, some studies of the
association between BDNF and ADHD have been negative,
including that of the common valine allele of the Val66Met
polymorphism [Schimmelmann et al., 2007]. As ADHD is
thought to be a neurodevelopmental disorder, an NTFs
involvement is likely to be very important in the pathophysi-
ology of this common disorder [Syed et al., 2007] and in a very
recent article, it has been suggested that 1 of 10 SNPs from
genes related to the NTF-family may have an association with
childhood ADHD [Syed et al., 2007]. Our study, therefore,
assesses the link between six single nucleotide polymorphisms
within the promoter region and exon of NTF3, exons of BDNF
and p75NTR, the promoter region of NTRK2 (TrkB), and in the
30-UTR of NTRK3 (TrkC) with comprehensively assessed
scores of adult ADHD in 143 high-risk subjects.

MATERIALS AND METHODS

The study focused on 143 male adults, consecutively referred
for psychiatric examination to the Institute of Forensic
Psychiatry of Saarland University. Given the association of
ADHD with high rates of social maladaptation in later life, this

was a high-risk population for ADHD [Rösler et al., 2004].
Average age was 31.3� 11.7 (SD). ADHD symptoms were
assessed according to their relative ADHD-scores following
ADHD self-report scales (WURS-k for the retrospective assess-
ment of childhood and ADHS-SB for the assessment of current
ADHD symptoms), the Wender–Reimherr interview, which is
the German validated version of the WRAADDS and validated
background data. Comorbid disorders were diagnosed accord-
ing to DSM-IV and ICD-10 criteria, using modified, stand-
ardized checklists as reported by Rösler et al. [2004]. Since the
ethnic heterogeneity of an analyzed sample may notably affect
the observed allele frequencies [Dvornyk et al., 2004], all of the
subjects in this study were Caucasians of Western European
origin and German background. The study was approved by
the local Ethical Committee, as previously outlined [Kissling
et al., 2007]. To assure uniformity of data collection, all subjects
underwent the same evaluation, after providing written
informed consent and explanation of the aims of the study.
No subjects with a diagnosis of current substance dependence,
acute schizophrenia, major depression/bipolar disorder, or any
other severe Axis-I diagnosis according to DSM-IV as well as
subjects with the diagnosis of mental retardation (IQ< 70)
were admitted to participate in the study.

Demographic data show typical features of a delinquent
sample with poor school education (no regular school educa-
tion: 14.1%; �9 years of education: 68.8%; >9 years of
education: 17.2%), low rate of vocational training (53.1%) and
typical marital status (single: 57.0%; divorced: 20.3%; married:
22.7%). The rate of prior convictions was 50.4%. Criminal
offences comprised a wide spectrum: the most frequent (>5%)
were sexual offenses (18.2%), physical injury (16.8%), property
offences (9.8%), robbery (8.4%), homicide (8.4%) and fraud
(5.6%), and drug offences (5.0%). 55 subjects had a WURS-k
score �30, indicating a history of ADHD in childhood [Retz-
Junginger et al., 2003]. As expected, current and childhood
ADHD symptoms were highly prevalent in this forensic study
population. The mean WURS-k score of the entire group was
25.7 (SD 15.5). Of the subjects with a WURS-k score�30, 37/55
(67.3%) still fulfilled DSM-IV diagnostic criteria for ADHD
(DSM-IV 314.00 and 314.01), whereas 18/55 (32.79%) subjects
were diagnosed with ‘‘ADHD, in partial remission’’ (DSM-IV
314.9). Subjects with lifetime ADHD and persistent ADHD did
not differ from non-ADHD subjects regarding prevalence of
violent behavior according to a common definition (w2¼ .563,
P¼ 0.45 and w2¼ .380, P¼ 0.54, respectively) [Retz et al.,
2004].

Substance use disorders (41.3%) and personality disorders
(32.2%) were the most prevalent psychiatric lifetime diagnoses
according to DSM-IV criteria in this forensic sample. Cluster
B personality disorders were present in 25.9%, personality
disorders of clusters A and C in 6.3% of the sample. Other
psychiatric lifetime diagnoses were less frequent and com-
prised a history of psychotic disorder (7.0%), paraphilia (5.6%),
affective disorder (2.1%), neurotic disorder and disorder of
impulse control (3.5%).

Ten milliliter EDTA-stabilized venous blood samples were
taken and stored immediately after collection at �208C until
analysis. Genomic DNA was extracted from whole blood of each
subject using the commercial Invisorb1 Blood Giga Kit
(Invitek, Berlin, Germany) and concentration was adjusted
using a PicoGreen fluorometric assay (Molecular Probes/
Invitrogen, Carlsbad, CA). Polymerase chain reaction (PCR)
was performed with primers and PCR conditions optimized
as described [Kissling et al., 2007]; the resulting products
were genotyped with RFLP analysis. With the exception of
rs4930767 (P¼ 0.079) all genotypes were in Hardy–Weinberg
equilibrium (HWE; assessed by the open-source program
FINETTI which is in the public domain and accessible via
the website http://ihg.gsf.de/cgibin/hw/hwa1.pl).
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Descriptive data between genotypes were compared by non-
parametric analysis of variance (ANOVA) or w2 tests. Possible
confounding variables (criterion P< 0.10) associated with a
specific genotype were controlled for in further analyses. As the
distribution of the rating scale values was markedly skewed
from a normal distribution, non-parametric analyses were
performed to assess the association of the genotypes with the
severity of the ADHD self-assessment and Wender–Reimherr
interview. These non-parametric analyses of covariance
(ANCOVA) were computed by the SAS-macro npar (www.
ams.med.uni-goettingen.de/projekte/makros/index.html) with
adjustment for age and history of personality disorder (as
described above). Bonferroni-adjustment for multiple testing
resulted in critical P-value< 0.008 indicating significance of
the findings.

RESULTS

Genotypic frequencies for each of the polymorphisms
analyzed are summarized in Table I with the relative ADHD
scores measured using the ADHS-SB self-report question-
naire, WURS-k self-report data and the Wender–Reimherr
interview data. The data include the absolute genotype
frequencies for each polymorphism, the average score for each
genotype and a P-value calculation of significance. Following
Bonferroni correction, these showed no significant differences
for any of the genotypes. The ‘‘silent’’ Pro>Pro NTF3 exon I
polymorphism (rs6332), however, resulted in P-values of
0.05 and 0.03 for association with the WURS-k and Wender–
Reimherr diagnostic instruments, respectively. This indicates
a trend for association of one or more A-alleles of rs6332 with
increased ADHD scores.

DISCUSSION

NTFs play a role in neurogenesis during development as well
as the regulation of neural plasticity in adults. In childhood
ADHD, the NGFB polymorphism rs6330 did show association
in one study, whereas the NTF3 polymorphisms rs6332 and
rs4930767 did not [Syed et al., 2007].

This study compared six polymorphisms of NTF and NTF-
related genes and their possible association with ‘‘increased
ADHD scores’’ of 143 volunteer male subjects referred to a
forensic psychiatric unit, therefore with an increased propen-
sity for ADHD, using current standard assessment measures.
Those polymorphisms were located in the exon III and
promoter regions of NTF3 (rs6332 and rs4930767, respec-
tively), the 30-UTR of NTRK3 (rs1017412), the promoter region
of NTRK2 (rs1212171), and the exons of BDNF and of p75NTR

(rs6265 and rs2072446, respectively).
None of the six SNPs had significant association with

increased ADHD scores; however, the rs6332 A>G poly-
morphism was on the borderline for the WURS-k and Wender–
Reimherr instruments. This was not the case for the other
questionnaires; however, these are widely considered to be less
reliable. Significance was only lost once the Bonferroni multi-
ple testing effect was taken into consideration suggesting a
possible trend toward ADHD susceptibility with the A-allele as
a risk factor. The lack of association for this SNP (rs6332) and
ADHD in a previous study [Syed et al., 2007] may reflect the
sample population size, differences in the relative diagnostic
analysis of ADHD-score or may represent a negation of this
polymorphism as a factor in adult ADHD. Further studies
would be necessary to confirm or refute this association and as
with all such studies, these genetic associations are tempered
by the suggestion that ADHD has a dimensional or continuous
phenotype rather than a distinct genetic aetiology [Thapar
et al., 2006]. rs6332 is a silent Pro-Pro genetic variation,
suggesting limited biological relevance of the mutation itself,

although codon usage must be taken into account, while the
rs4930767 polymorphism in the promoter region of the same
gene showed no association with any measure of ADHD.
As rs4930767 was not at HWE, the apparent lack of association
is less significant; however, the data suggest that if the rs6332-
association with ADHD-scores were confirmed through in-
creased sample size, we would expect the polymorphism to be
in linkage disequilibrium with biologically relevant markers
rather than having a direct causative role. It is important to
acknowledge that the lack of an association between the SNPs
and ADHD scores in our study does not exclude a role for the
investigated genes containing these SNPs in the pathophysio-
logy of this disease. Additionally, possible gene� gene inter-
action and haploblock data analyses in future studies may
elucidate linked or co-inherited effects of a number of similar or
closely located genes.

As the subjects assessed in this study were recruited from
a forensic sample with high rates of conduct problems
and antisocial personality disorder, the results cannot be
generalized.

To our knowledge, this is the first study evaluating a possible
role of several NTF-related gene polymorphisms in adult
ADHD, focusing on six genetic sequence variations.
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