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Abstract Attention deficit hyperactivity disorder (ADHD)
in adults is a prevalent, yet under-appreciated, under-
researched and poorly understood condition. Given this, it is
imperative that information and awareness regarding this
condition are made more widespread, both amongst the
general public and amongst healthcare professionals. Fur-
ther, given our poor understanding of the aetiology of the
condition, meaningful translational research that migrates
into and better informs clinical practice must be a priority.
In this brief review we highlight areas regarding the clinical
diagnosis and management of ADHD in adults (guidelines,
rating scales, pharmacotherapy, psychotherapy) as well as
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areas of promising translational research (genetics, neuro-
imaging, sleep and circadian rhythms, animal models of
ADHD). We address some of the challenges presented for
both clinicians and healthcare providers and research sci-
entists working to improve the lives of those adults with
ADHD.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a
widespread neurodevelopmental disorder, which is still
considerably under-researched in adult patient populations
(Asherson et al. 2010). The condition is characterised by
concentration deficits, inner restlessness/hyperactivity, and
impulsivity and is possibly associated with specific genetic
and neurobiological alterations (Retz et al. 2008; Schneider
et al. 2006). The symptomatology changes during lifetime
and is, especially in adulthood, often associated with a
plethora of comorbidities such as addiction, mood swings
and personality accentuations (Kooij 2010). The persis-
tence from childhood into adulthood is believed to be about
33%, while the prevalence in the general adult population
is around 5% (Franke et al. 2011). However, there are
several population subgroups with a significantly increased
prevalence, for example, prison inmates or people suffering
from alcoholism (Retz et al. 2004). ADHD-like symptoms
were first described by Heinrich Hoffmann as early as 1864
(Thome and Jacobs 2004), although it took several decades
until the behavioural phenomena were recognised as a
medical condition (Taylor 2011). Today, several guidelines
have been published which help to standardise and opti-
mise the treatment of ADHD patients (Table 1). Also, the
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Table 1 ADHD guidelines with recommendations for adults (for details see Seixas et al. 2011)

Guideline Authors Year Country/continent
DGPPN Ebert, Krause, Roth-Sackenheim (eds) 2003 Germany
EuNetHyDis Dodwell et al. 2006 Europe

Experts Banaschewski et al. 2006 Europe

BAP Nutt et al. 2007 UK

NICE Taylor et al. 2008, reviewed 2011* UK

RACP Forbes et al. 2009 (draft) Australia
CADDRA, 3rd edition Weiss and Vincent (eds) 2011 Canada

# National Institute for Health and Clinical Excellence (2011) Review of clinical guideline (CG72)—attention deficit hyperactivity disorder.

http://www.nice.org.uk/nicemedia/live/12061/57052/57052.pdf

empirical knowledge about the pathophysiology of the
condition and consequently potential new preventive,
diagnostic and therapeutic measures has increased sub-
stantially in recent years. Nevertheless, a better and faster
translation of the accumulated scientific data into clinical
practice is urgently needed.

State of the art
Diagnosis and assessment

Initially coined “minimal brain disorder”, an ADHD con-
cept in adults was developed as late as 1976 (Wood et al.
1976). Though nowadays the most widely used criteria are
the ones proposed by the American Psychiatric Association
in the Diagnostic and Statistical Manual of Mental Disor-
ders (DSM-IV-TR), they have significant limitations,
mainly arising from DSM-IV-TR criteria being derived
from field trials in children. Specifically, the types of
symptoms listed, the number of symptoms required, the
age at onset and how impairment is measured are prob-
lematic (Barkley et al. 2007). The American Psychiatric
Association has already been working on an updated set of
criteria that is due to be published next year in DSM-5
(American Psychiatric Association 2010).

The disorder is diagnosed in adults who are currently
experiencing symptoms and who can give a history of
similar symptomatology in their childhood. Often retro-
spective, diagnosis is complex and difficult: symptoms
vary in severity from individual to individual and may be
found in people without the disorder; neither symptom
report, neuropsychological testing, nor objective tests
(blood, imaging) are specific to ADHD. Therefore, a
number of interviews and scales were developed to help
diagnosis and assessment. Several interviews, specifically
designed for ADHD, have been published, and each has its
own advantages and limitations (Rosler et al. 2006); fur-
ther, structured clinical interviews such as the Structured
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Clinical Interview for DSM-IV (SCID) or the shorter and
time-efficient Mini-international Neuropsychiatric Inter-
view (MINI 6.0 Plus) (Sheehan et al. 1998) are useful in
systematically assessing other conditions.

Being cost-effective, aiding diagnosis and quickly
gathering a large amount of data, rating scales are widely
used by both clinicians and researchers, in observer,
self-report or informant forms. While some only list the
classical triad of DSM criteria, others also gather other
psychopathological information and symptomatology con-
sidered to be of clinical significance (for reviews and
comparisons see Rodriguez and Simon-Dack 2011; Rosler
et al. 2010; Taylor et al. 2011; Van Voorhees et al. 2011).
Although there is no gold-standard or ideal rating scale, the
Adult ADHD Self Report Scale (ASRS) screener should be
mentioned for its brevity and availability in many lan-
guages (Kessler et al. 2007). Despite the large number of
available instruments, particularly written American Eng-
lish, there is not a single one available in all the European
languages. Some European researchers developed their
own instruments (Kooij 2010; Young and Gudjonsson
2005), but we believe that research should focus not on
developing new ones, but on translating and validating the
existing ones, paying attention on possible differences in
social—cultural background, as well as on linguistic prob-
lems (Rogers et al. 2009).

Pharmacotherapy

The pharmacological treatment for ADHD in adults with
stimulants and non-stimulants is well established.
D-Amphetamine was introduced in 1944 and methylphe-
nidate in 1954; the two stimulants are some of the oldest
and best known psychopharmacological agents still widely
in clinical use (Iversen 2008). NICE (Taylor and al. 2008)
recommends drug treatment as the first-line treatment
“unless the person would prefer a psychological
approach”. This influential ADHD guideline prioritises
methylphenidate, which “should normally be tried first”.
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“Drug treatment for adults with ADHD should always
form part of a comprehensive treatment programme that
addresses psychological, behavioural and occupational
needs”. Other guidelines recommend amphetamine, mixed
amphetamine salts, lisdexamphetamine and atomoxetine as
first-line treatment for adults with ADHD (Seixas et al.
2011).

Guideline recommendations are based on accumulating
positive evidence from randomised placebo-controlled
clinical trials (RCTs) of pharmacological treatments in
adults with ADHD. The most recent meta-analysis of 17
methylphenidate studies reports a medium effect size of
0.48 (Castells et al. 2011) another recent meta-analysis
reports numbers needed to treat (NNT) around 3 for psy-
chostimulants and around 5 for atomoxetine (Faraone and
Glatt 2010), these are some of the lowest NNTs reported
across all disciplines in medicine (Leucht et al. 2011),
which means that medication for ADHD in adults can be
considered as one of the most effective treatments, at least
in the short term. Symptom remission curves of RCTs with
psychostimulants show relatively rapid onset of action as
compared to studies with atomoxetine (Adler et al. 2009).
Controlled studies with duration up to 6 months and open
studies up to 4 years (Adler et al. 2008) have shown effi-
cacy and relatively good tolerability of ADHD medication
in adults in the longer term.

The most common side effects are anxiety/depression,
sleeping problems, reduced appetite and increased blood
pressure. Careful dose titration and monitoring of side
effects are recommended (Taylor et al. 2008). A recent
study of more than 150,000 treatment episodes compared
to nearly 300,000 control episodes showed no increased
risk of serious cardiovascular events in adults treated with
methylphenidate, amphetamine or atomoxetine (Habel
et al. 2011). There is generally less evidence from RCTs
the treatment for ADHD in patients with comorbid psy-
chiatric and general medical conditions. Guidelines do not
endorse prescribing of ADHD medication for people
without a diagnosis of ADHD for the purpose of cognitive
enhancement (Larriviere et al. 2009).

The big challenge for evidence-based medicine is the
translation of research findings into clinical practice. There
are detailed evidence- and consensus-based recommenda-
tions for the pharmacological treatment for ADHD in
adults (Kooij et al. 2010; Seixas et al. 2011); however, in
most European countries, the number of specialist clinics
for adults with ADHD and clinical expertise are growing
only slowly. Austerity programmes for public health sys-
tems make it especially difficult to implement guideline
recommendations in daily practice and for the neediest
patients. Nevertheless, initiatives like the UK Adult ADHD
Network (http://www.ukaan.org.uk) and the European
Network Adult ADHD (Kooij et al. 2010) organise

training, coordinate research and support the development
of services for adults with ADHD.

The cost of medication varies between countries, but is
not much higher than for the pharmacological treatment for
other chronic mental health conditions. Short-acting stim-
ulants are generally cheaper than extended release prepa-
rations or atomoxetine. Most ADHD drugs are “off label”
for adults, and psychostimulants are controlled drugs which
make prescribing complicated in daily practice. Strattera
and Concerta have carry on licenses in some countries, and
Medikinet adult is licensed in Germany (Retz et al. 2011).

Psychotherapy

Psychological treatments may play a critical role in the
management of adults with ADHD, provided that sufficient
motivation is present to allow for the acquisition of new
skills (Weiss and Vincent 2011). They are not designed as
sole treatment for adult ADHD, but to help the patients to
adjust to a lifelong debilitating disorder and to address the
consequences of the comorbid disorders.

Cognitive and behavioural psychotherapies (CBTs) are
the most widely researched psychological interventions for
the treatment of adult ADHD (Ramsay and Rostain 2007).
Mahoney and Arnkoff (1978) categorised CBTs in three
main classes: cognitive restructuring, coping skills thera-
pies and problem-solving therapies. All of these approa-
ches have been taken into consideration in the last years as
possible interventions for adult ADHD and have been
incorporated in individual cognitive-behavioural therapy
(Rostain and Ramsay 2006; Safren et al. 2005, 2010) and in
group interventions (Hesslinger et al. 2002; Philipsen et al.
2010; Solanto et al. 2008; Virta et al. 2008). The results are
promising, both in the improvement of core ADHD
symptoms (as measured with self-ratings and/or indepen-
dent evaluations) and in comorbid conditions, such as
anxiety and depression (Emilsson et al. 2011; Safren 2006).
Further studies need to address more clearly the efficacy of
the CBT in combination with medication, both at the end of
the treatment and at follow-up.

Except CBTs, there are several other forms of psycho-
logical interventions used in the treatment for adult ADHD
such as psychoeducation (Murphy 2005; Weiss and Weiss
2004), family therapy (Barkley 2006; Murphy 2005),
vocational counselling and coaching (Favorite 1995; Kubik
2010). They may be used in the larger frame of CBTs or in
combination with pharmacological treatment.

The objectives of a treatment programme for adult
ADHD should address core symptoms of ADHD, comorbid
disorders, psychosocial impairment, psychosocial func-
tioning and self-confidence, family relationship/function-
ing, interpersonal (broader than family) functioning,
professional or academic functioning, cognitive deficits,
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driving performance, risk of substance misuse or abuse
(Solanto 2011). Clinicians ought to recognise and approach
ADHD as a chronic condition in which patients generally
require special long-term mental health care. The evalua-
tion and the treatment schedule should take into consider-
ation the developmental level of the adult condition, ADHD
characteristics in the adult and the demands and responsi-
bilities of the adult life. Both during the evaluation and
treatment, the clinician has to be aware of the current
patients’ background, their history (“the child inside the
adult and his family history”), their future and the future of
their children (“the parent inside the adult™). Significant
others (partner, parents, siblings, close friends, etc.) should
be involved as members in the treatment team. The stigma
of a mental health problem should be taken into consider-
ation and can even represent one of the intervention targets.

Translational research
Dopaminergic neuroimaging

The rapid progress of neuroimaging in psychiatric research
is driven by methodological progress, increasing the
capacity of clinical neuroimaging laboratories and fasci-
nating discoveries. Neuroimaging of patients with ADHD
across the lifespan is booming and has produced the first
robust findings (Schneider et al. 2006). Structural magnetic
resonance imaging (MRI) findings in ADHD have been
meta-analysed with relatively consistent findings that may
be of diagnostic relevance in the future (Frodl and
Skokaukas 2011; Nakao et al. 2011). The rest of this
selective mini review of latest research findings summa-
rises PET studies of the dopamine system and functional
MRI (fMRI) studies investigating the effects of ADHD
medication on brain function.

The best set of structural MRI data comes from the
National Institute of Mental Health (NIMH) cohort of more
than 400 ADHD patients and healthy controls followed up
with regular clinical ratings and structural MRI into
adulthood (for up to 33 years). Adults with a childhood
diagnosis of ADHD showed decreased total cerebral vol-
ume, reduced global cortical thickness and reduced vol-
umes of subcortical structures. Volume reductions were
more pronounced in patients with persisting symptoms,
whereas symptom amelioration and diagnostic remission
were accompanied by compensatory maturation of frontal-
thalamic-cerebellar circuits (Proal et al. 2011). Cortical
thickness in the frontal cortex peaks around the age of 7-8
in normal children, but later in children with ADHD
(maturational delay). In an analysis of a subsample of 9- to
20-year-old patients, who were scanned twice, treatment
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with psychostimulants was not associated with slowing of
overall growth of the cortical mantle, and this was inter-
preted as “a notable finding given reports of possible
psychostimulant-related slowing of height and weight
gain” (Shaw et al. 2009).

Most other structural MRI studies in ADHD are cross-
sectional case—control studies and limited by relatively
small sample sizes. Two recent meta-analyses of voxel-
based morphometry (VBM) and region of interest (ROI)
studies find volume reductions in the right globus pallidus
and putamen in ADHD (Frodl and Skokaukas 2011; Nakao
et al. 2011). Meta-regression for mean sample age and
percentage of medicated patients show that most of the
structural deficits in children grow out over time and that
there are fewer structural abnormalities in studies with
mostly medicated patients. This seems to indicate that
long-term medication can normalise structural deficits in
brains of patients with ADHD.

In the last decade, a series of PET (and SPECT) studies
investigating the dopaminergic system in ADHD have been
published (Table 2). Most studies have relatively small
samples sizes, and some findings are -controversial.
[18F]Dopa availability in the striatum of adults and chil-
dren with ADHD was consistently reduced, indicating a
problem in dopamine synthesis. Deficits in the presynaptic
dopamine system are also indicated by a PET study that
showed blunted striatal dopamine release after intravenous
methylphenidate in adults with ADHD as measured by
[11C]raclopride displacement (Volkow et al. 2007). This
finding could, however, not be replicated after pharmaco-
logical treatment (Volkow et al. 2012) and in a study with
[18F]fallypride after oral methylphenidate (del Campo
et al. 2011). One of the most ambitious PET studies ever
performed in a psychiatric population was carried out by
Volkow et al. (2009, 2011). Never-medicated adult ADHD
patients (n = 55) from New York, California and North
Carolina and healthy controls (n = 44) were scanned with
[11C]cocaine and [11C]raclopride at the Brookhaven PET
laboratory between 2001 and 2009. Patients showed sig-
nificantly lower availability of D2/D3 dopamine receptors
and dopamine transporter (PET); there was, however, a
considerable overlap of individual binding potential ratios
between patients and healthy controls. The severity of
ADHD symptoms and motivational deficits in patients (and
controls) correlated with striatal dopamine receptor density
(Volkow et al. 2009, 2011). Previous PET and SPECT
studies with smaller sample sizes reported increased,
unchanged or decreased availability of the dopamine
transporter (DAT) in adults with ADHD as compared to
controls; such heterogeneity can be explained by the per-
centage of never-medicated patients (Mehta and Krause
2011).
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Table 2 PET/SPECT studies of the dopamine system in ADHD with
publication year and authors (see del Campo et al. 2011 for detailed
references)

Dopamine synthesis

| 1998: Ernst et al. [18F-dopal; 2006: Forssberg et al.
[11C-levodopa], 2008: Ludolph et al. [18F-dopa]

1 1999: Ernst et al. [18F-dopal]
Striatal dopamine transporter (DAT) availability

1 1999: Dougherty et al. [1231-altropane]; 1999: Spencer et al.
[11C-altropane];

2000: Krause et al. [99mTc-TRODAT-1]; 2003: Cheon et al.
[123I-IPT];

2006: Larisch et al. [123I-FP-CIT]; 2007: Spencer et al.
[11C-altropane]

« van Dyck et al. [1231-$-CIT]; 2005: Jucaite et al. [11C-PE2I]

1 2007a: Volkow et al. 2011: Volkow et al. 2009: Volkow et al.
[11C-cocaine]; 2009: Hesse et al. [1231-FP-CIT]

Striatal D2/D3 dopamine receptor density

1 2007b: Volkow et al. 2011: Volkow et al. 2009: Volkow et al.
[11C-raclopride]

< 2005: Jucaite et al. [11C-raclopride]; 2011: del Campo et al.
[18F-fallypride]

Dopamine release (D2/D3 radiotracer displacement)
1 2007b: Volkow et al. [11C-raclopride]

1, increased; |, reduced; <, unchanged regional availability (as
compared to healthy controls); [ligand]

Another interesting approach to investigate neurotrans-
mitter abnormalities and effects of ADHD medication on
brain activity is pharmacological fMRI. In a series of
experiment the group in Cambridge could demonstrate that
stop signal reaction time, a cognitive correlate of motor
inhibition and impulsivity, is increased in patients with
ADHD and normalised by simple doses of ADHD medi-
cation (Chamberlain et al. 2011). Stopping-related brain
activity in the inferior prefrontal cortex was increased after
a single dose of atomoxetine, and this increase correlated
positively with plasma levels of atomoxetine measured
immediately before and after fMRI scanning (Chamberlain
et al. 2009). Pharmacological fMRI studies in patients with
ADHD are in preparation, and standardised structural and
functional neuroimaging parameter have a potential as
novel endpoints in clinical trials (Valenzuela et al. 2011).

Neurotransmitter genetics

It is not known exactly what causes ADHD, but vast
number of studies suggest the causes could be largely
genetic, combined with some other factors. For example, in
identical twins, there is a 72—-83% probability that both will
have ADHD. In non-identical same-sex twins, the proba-
bility is 21-45% (Franke et al. 2011). Parents, siblings and

children of people with ADHD may be up to five times
more likely to have the disorder than people who are not
related to someone with ADHD. Initially, it was thought
there could be just one or a few genes that cause devel-
opment of ADHD. However, the high population frequency
of the disorder, the heterogeneity of studies with twins and
association analyses in families have suggested that ADHD
is probably caused by several genes, each of which makes a
major or a minor contribution. Pharmacologic, neuroim-
aging studies and different animal models suggested that an
imbalance of dopaminergic, serotonergic, and noradrener-
gic neurotransmission is likely to result in ADHD. There-
fore, monoamine genes were strong a priori candidates,
and the majority of studies have been focused on these
genes.

The two major methods used to identify genes associ-
ated with ADHD are genetic linkage analysis and allelic
association studies. The genetic linkage analysis is a sta-
tistical method that is used to associate functionality of
genes with their location on chromosomes. The main idea
of the method is that neighbouring genes on the chromo-
some have a tendency to stick together when passed on to
offsprings. Therefore, if some disease is often passed to
offsprings along with specific marker genes, then it can be
concluded that the gene(s) which are responsible for the
disease are located close on the chromosome to these
markers. In contrast, while the genetic linkage analysis
studies the inheritance of genes in families, allelic associ-
ation studies are based on the phenomenon of linkage
disequilibrium in unrelated cases of ADHD and compares
frequencies of neutral SNP in cases of ADHD to those in
control subjects. This allows pinning down aetiological
genes for ADHD from a large group of genes in a region
showing linkage with ADHD derived from family data.
Combining these two methods with neuroimaging, phar-
macologic data and animal model studies identified around
thirty neurodevelopmental genes that were implicated in
ADHD aetiology to some extent—DAT1, DRD4, DRDS5,
TACR1, HTR1B, DBH, ADRAI1A, ADRA2A, TPHI,
TPH2, HTR2A, SLC6A2, SLC5A4, SNAP25, CHRNAA4,
COMT, MAOA, etc. (reviewed in Smith et al. 2009;
Langley et al. 2009; Coghill and Banaschewski 2009).

Although many genes have been found to be associated
with ADHD, meta-analyses failed to establish significance
in many of these associations. Some of the genes associated
with ADHD due to pharmacological and neuroimaging
studies have not been determined as risk genes by the
genetic methods. In addition, the functional role of poly-
morphisms significantly associated with the disorder is
largely unknown. This justifies further studies to determine
the effect of polymorphisms on gene function and devel-
opment of ADHD symptoms in order to develop treatments
targeting appropriate genes. Furthermore, a number of
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genes and signalling pathways which are likely to be of a
great importance for the brain development and develop-
ment of ADHD symptoms, respectively, have not been
studied at all (reviewed in Donev and Thome 2010). For
example, we have unpublished data confirming the asso-
ciation of certain polymorphisms in complement system
with both child and adult ADHD. The role of complement
in brain development has been recently established
(Boulanger 2009; Veerhuis et al. 2011). Therefore, further
complex molecular and functional analyses are urgently
needed to identify novel targets for treatments of ADHD,
which are likely to be more efficient and with limited
adverse effects.

Sleep and circadian rhythmicity

Like many other psychiatric conditions, ADHD is associ-
ated with poor sleep. Between 25 and 50% of children and
adolescents with ADHD have impaired sleep quality,
whilst it has been reported that over 50% of adults with
ADHD present with sleep problems (Yoon et al. 2011).
Indeed, 27% of adults with ADHD fulfil the DSM-IV
diagnostic criteria for insomnia (Schredl et al. 2007). The
reason for such high levels of sleep disturbances in ADHD
is not clear, although it is interesting to note that primary
sleep disorders can produce symptoms such as difficulty
sustaining attention and impulsivity to the extent that the
diagnostic criteria for ADHD may be fulfilled (Wulff et al.
2010). For example, Oosterloo et al. (2006) reported that
18% of patients with excessive daytime sleepiness can be
diagnosed as having ADHD, whilst conversely 37% of
those with an ADHD diagnosis display excessive daytime
sleepiness. Childhood ADHD is best studied from the sleep
perspective and is associated with increased sleep latency,
REM sleep latency and daytime sleepiness (reviewed in
Yoon et al. 2011). There are also elevated levels of primary
sleep disorders such as restless leg syndrome, periodic limb
movement disorder and sleep-disordered breathing associ-
ated with child and adolescent ADHD. Recently, novel
potential causes for sleep disturbance in ADHD have been
highlighted. One intriguing possibility is that eczema,
which is found to occur more commonly in children with
ADHD and disturbed sleep, may be a precipitating factor in
impaired sleep patterns in ADHD and contribute signifi-
cantly to the risk of developing ADHD (Romanos et al.
2011).

One physiological system that may be involved in the
aetiology of sleep disturbances in ADHD is the circadian
timing system, an intrinsic near 24-h timekeeper that in the
classical two process model of sleep interacts with the
sleep homeostat to determine the organisation of the sleep/
wake cycle (Borbely 1982). Since ADHD in children is
associated with late bedtimes and difficulty falling asleep
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(chronic sleep onset insomnia), Van der Heijden et al.
(2005) examined this link to the dim-light melatonin onset
(DLMO), a marker of the phase of the circadian clock, and
found that chronic sleep onset insomnia in ADHD is
associated with a delayed DLMO, indicating that a dis-
turbance of the circadian timing system may be an
important factor in the sleep problems associated with
ADHD. Following on from this, a small trial using mela-
tonin treatment to correct the circadian misalignment
reported significant benefit regarding sleeping, behavioural
and cognitive problems over a nearly 3-year follow-up
period (Hoebert et al. 2009). In adults, Boonstra et al.
(2007) report that ADHD is associated with increased sleep
onset latency and decreased sleep efficiency as well as
lower subjective sleep quality ratings and that methylphe-
nidate has the effects of leading to later bedtimes and
shorter sleep times, but increased sleep efficiency. In a
further study, Van Veen et al. (2010) reported that the
prevalence of chronic sleep onset insomnia in adult ADHD
was of the order of 75% and that this in turn was linked to a
delay in the DLMO and the general circadian activity
profile as determined by actigraphy.

Given the accumulating evidence that circadian rhythms
are compromised in ADHD, it is of interest to enquire as to
the mechanisms through which this may be occurring.
Kissling et al. (2008) have reported that a single nucleotide
polymorphism in CLOCK, a gene central to the molecular
operation of the circadian clock, is associated with higher
ADHD scores in adults, a finding replicated by Xu et al.
(2010). Further to this, Baird et al. (2011) examined whe-
ther the rhythmic expression of clock genes, the molecular
mechanism by which circadian time is encoded, was
altered in adult ADHD. This study reported that rhythmic
expression of two such genes, BMAL1 and PER2, over
twenty-four hours was ablated in the adult ADHD group.
Further, these authors reported that cortisol circadian
rhythms are significantly phase-delayed compared to con-
trols, and that motor patterns determined with actigraphy
also show evidence for altered circadian entrainment to
environmental time cues. These circadian alterations
occurred alongside changes in objectively determined sleep
parameters (Baird et al. 2011). Finally, these authors also
demonstrate inverse correlations between measures of cir-
cadian rhythm robustness and clinical ADHD ratings,
suggesting that more severe ADHD scores are associated
with weaker measures of circadian rhythms. These findings
raise the possibility that chronotherapeutic approaches
designed to bolster weakened circadian rhythms may be of
benefit in adult ADHD. Further issues that require
addressing include the extent to which comorbid disorders
contribute to the circadian and sleep disruption in ADHD
and how stimulant and non-stimulant medication may also
contribute to such effects (O’Keeffe et al. 2011).
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Animal models

In many areas of translational neuropsychiatric and psy-
chopharmacological research, the use of animal models has
contributed significantly to the understanding of the
underlying pathophysiological mechanisms and the for-
mulation of new pharmacotherapeutic strategies. Animal
models offer the benefit of applying modern transgenic
technologies to understanding the molecular mechanism
underpinning serious and common psychiatric disorders, as
well as allowing for the application of invasive neurosci-
entific approaches (e.g. in vivo microdialysis or electro-
physiology) that are not possible in patient studies.

In attempting to model ADHD, as in models for other
conditions, animal models must be tested against three
criteria for their validity: (1) face validity assesses the
symptomatic similarities between the animal model and
the clinical condition; (2) construct validity assesses the
pathophysiological similarities between the animal model
and the clinical condition; and (3) predictive validity
assesses how useful the model is in predicting therapeutic
responses in patient populations (Russell 2011; Sontag
et al. 2010). These criteria present a particular challenge in
modelling a condition such as ADHD in which the aeti-
ology is so poorly defined, and therefore, any animal
model of the condition is bound to have limited construct
validity. However, this issue also highlights the potential
usefulness for animal models of ADHD to increase path-
ophysiological insight into the clinical condition. Further
to assess the validity of the animal model itself, one must
assess the behavioural tests applied to the model and query
their salience for mimicking the clinical picture—for
example, since hyperactivity in ADHD is strongly asso-
ciated with familiar environments with novel environ-
ments inducing hypoactivity, measuring open field activity
in a novel arena in an animal model as a correlate of
hyperactivity in ADHD is not likely to reveal appropriate
insight.

The best characterised animal model for ADHD is the
spontaneously hypertensive rat (SHR), an inbred rat
selected in the 1960s for its hypertension but which also
exhibits hyperactivity, leading to its investigation in an
ADHD context (Sagvolden and Johansen 2011). Much
insight into this model has been gleaned using operant
conditioning experiments with fixed intervals/extinction
paradigms which display increased responding (e.g. lever
pressing) during the extinction phase when no reward is
available in SHRs, analogous to the situation found in
children with ADHD and suggests that the extinction curve
in SHRs and ADHD may be steeper than in controls
(Sagvolden 2000; Sagvolden et al. 2005). Tests requiring
sustained attention also illustrate deficits in SHRs similar to
those observed in ADHD (Sagvolden 2000). SHRs also

demonstrate high levels of temporal discounting, preferring
smaller but immediate rewards over larger but delayed
ones, again similar to the situation observed in ADHD (Fox
et al. 2008). SHRs express hyperactivity in familiar envi-
ronments, and this hyperactivity has been reported to be
calmed by treatment with amphetamine (Sagvolden 2011)
but not methylphenidate (van den Bergh et al. 2006). From
a neurochemical perspective, SHRs showed diminished
levels of both the dopamine and monamine transporters, as
well as altered dopamine release (Simchon et al. 2010) in
broad agreement with the implication of dopaminergic
function in the pathophysiology of ADHD. Further, the
SHR is found to carry polymorphisms in the dopamine-
transported gene (DAT), similar to the associations found
in ADHD (Mill et al. 2005). The use of the SHR in mod-
elling ADHD is somewhat limited by the presence of
hypertension, which develops in early adulthood in these
animals (a particularly important point when considering
modelling adult ADHD), and the use of the control strain,
the Wistar Kyoto rat, which itself is found to be hypoactive
and shows an increase in depressive-like behaviours.
Overall, the SHR is the best characterised animal model for
ADHD, displaying good face validity and reasonable
construct and predictive validity.

Other models of ADHD include the DAT-knockout/
knock-down/upregulated mouse, in which the dopaminer-
gic system is manipulated via genetic alterations in the
expression of the dopamine transporter (Gainetdinov
2010), the thyroid hormone receptor beta(l) knockout
mouse in which a gene carrying a human mutation con-
ferring resistance to thyroid hormone is expressed in the
mouse (Siesser et al. 2006), and recently developed novel
models including the membrane receptor guanyl cyclase C
knockout mouse (Gong et al. 2011) and the GIT-1
knockout mouse (Won et al. 2011). All of these models
show some validity, but the characterisation of these ani-
mals across the behavioural spectrum, and the replication
of behavioural findings across different research groups is
not presently sufficient, and further work is needed on these
models. Future directions of research may include con-
centration on single symptomatic phenotypes (endophe-
notypes) rather than attempting to recapitulate the whole
picture of a clinical complex and heterogeneous condition
such as ADHD. However, it seems reasonable to presume
that with sufficient care and caution taken, animal models
still have important roles to play in translational ADHD
research.

Discussion and conclusion

Despite its relatively high prevalence and its impact on
quality of life, visibility of ADHD as a genuine adult
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condition remains low amongst the public and physicians.
Much effort is needed to address this, particularly in
countries such as Romania in which there is little to none
specialist provision for adult ADHD. In aiding diagnosis
and management of adult ADHD, there are a number of
international guidelines available and a number of well-
validated rating scales. Particularly for the use of diag-
nostic scales and interviews, effort should be directed into
translating the available scales and validating these
translations, rather than “re-inventing the wheel” and
developing new scales that do much the same job. In
terms of pharmacotherapy, psychostimulant treatment
remains the gold-standard, with a significant played also
by the non-stimulant atomoxetine. There are cost impli-
cations for the use of atomoxetine and long-release for-
mulations of methylphenidate that may inhibit their use in
different national health systems, a matter further com-
plicated by the fact that in many national systems, these
drugs are not licensed for adult use. There is also a sig-
nificant role for psychotherapeutic approaches in the
management of adult ADHD and accumulating evidence
of the effective combination of both pharmacotherapy and
psychotherapy.

Translation research approaches are yielding results that
are improving our understanding of adult ADHD. The
genetics of adult ADHD remain somewhat problematical
(not something that is unique in psychiatric genetics), given
that historically most studies to date are gene association
studies focussing on “traditional” neurotransmitter systems
and have lacked sufficient statistical power to provide
clinically pertinent insight. Large genome-wide association
studies are hoped to identify both common and rare allelic
variants associated with adult ADHD and identify new
cellular targets and processes in understanding the aetiol-
ogy of the condition. The combination of genetics and
neuroimaging is also likely to provide considerable insight
into the pathophysiological origins of ADHD-like symp-
toms (e.g. impulsiveness and inattention). To date, neuro-
imaging approaches, along with work in animal models of
ADHD, have been invaluable in shedding light on the
altered brain function in ADHD, and although this infor-
mation has not yet translated fulsomely into shaping clin-
ical practice, the incorporation of neuroimaging endpoints
in clinical trials surely represents a move in the right
direction. Research concerning “non-core” symptoms of
ADHD, such as sleep and circadian rhythm disturbances,
also raises the possibilities of trialling novel treatment
strategies in adult ADHD.
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