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Preface

Attention-deficit/hyperactivity disorder (ADHD) @ne of the most prevalent disorders
encountered in child psychiatry and is increasifgng recognized also in adults.
Still, controversies exist about the diagnosis l@tiong health care practitioners and

lay people.

Current diagnostic criteria for psychiatric disaslare purely descriptive in nature,
classified on the basis of empirical observatiodngustering and course of symptoms
and behaviour into clinically recognizable entitiBsie to insufficient knowledge
about their etiology, there are no objective tdsa$ can verify a diagnosis.
Assessment of psychiatric disorders is thereforeleoge extent dependent on clinical

knowledge and experience.

As diagnostic criteria, research and clinical eigrere on ADHD are historically
mainly based on children; clinical knowledge of ADlh adults has so far been
limited. Recent years’ awareness of ADHD as apiéesdisorder, with increasing
proportions of people being referred for assessiieeDHD also in adult

psychiatry, has led to an urgent need of more kadg¢ about ADHD in adulthood.
The question about what causes a disease is miottes to researchers’ curiosity, but
is of practical importance also for clinicians asllvas society and people affected by

the disease.

Together, these aspects have been my main motivatigerforming the work

presented in this thesis.



Abstract

Attention-deficit/hyperactivity disorder (ADHD) surrently a prevalent diagnosis in
child psychiatry, typically affecting 2-5 % of satleaged children world-wide. The
recent and increasing awareness that ADHD maygte¢osadulthood for a
considerable proportion of the affected childres tieated a need for more

knowledge about ADHD as a lifespan disorder.

Aims: The aims of the thesis were to: 1) assess occugadtionctioning among adults
with ADHD; 2) explore the relationship between ADHIDd mood disorders; 3)
investigate the role of pregnancy- and birth relatemplications as possible risk
factors for persistent ADHD; 4) study the effectanofimpaired serotonin production

uteroon the development of ADHD symptoms and relatdthisiour.

Material and methods: The thesis is based on four separate articlese(Rdl). The
first two papers are clinical studies based on tjp@saires obtained from 414 and 510
adults with a clinical diagnosis of ADHD, respeelly, and controls (n=359/417) from
the general population. The third paper is an epidi®gic population-based study
using data from the Medical Birth Registry of Nogn@&IBRN), in which we
compared pre- and perinatal risk factors of a maticohort of 2123 adults with
ADHD and the rest of the Norwegian adult populatiann in the same time period
(n=1.17 million). The fourth study explores the gibte causative role of reduced
serotonin production in ADHD related symptoms aetdviour by studying the
presence and effects of mutations in the tryptopghainoxylase 1 gendPH1) in

adult ADHD patients, their family members and colsr

Results: In paper | we showed that only 24 % of adult ADp&tients (mean age 34.5
years) were currently in work, compared to 79 %aftrols (mean age 29.9 years).
Having been diagnosed and treated for ADHD in ¢tiuted was the strongest predictor
for being in work as an adult, independently of pyom severity, psychiatric

comorbidity, and current treatment (OR 3.2, p=0)0ltthe second paper, 51 % of

9



ADHD patients screened positive for a bipolar speutdisorder (BSD) according to
the Mood Disorder Questionnaire (MDQ), comparefl.®% of the controls. Patients
screening positive for a BSD had lower occupatidnattioning and significantly

more drug problems than patients with low levelafféctive symptoms.

In the epidemiological population-based study ftbe MBRN, we found that low
birth weight, preterm birth, and low Apgar scorer&vassociated with ADHD in
adulthood, with the highest risk for the lowest swgas. We also found that maternal

epilepsy and infant oral cleft were associated WIHD in the adult offspring.

In the last study, sequencing™®H1in 646 adults (patients and controls) resulted in
the identification of 7 different missense mutasipaf which 6 resulted in reduced
enzyme functiornn vitro compared to wild typ@PHL1 Family based analyses showed
that offspring of mothers witiPH1 mutations had higher levels of ADHD related
symptoms and behaviour, compared to offspring thfefie with such mutations or

controls, independently of the individuals’ oWRH1 status.

Conclusions:Adults with a clinical diagnosis of ADHD had an imped occupational
functioning and a high prevalence of comorbid psjicic problems. Symptoms of
affective disorders were frequent among adults wiitHD, and were associated with
lower occupational functioning and more substarnesa. Patients who were
diagnosed and treated for ADHD in childhood hadomerfavourable outcome in adult

life compared to patients who were first diagnoseadulthood.

Factors indicating a suboptimal foetal developmsmth as being born extremely
preterm or with very low birth weight, were assoethwith development of ADHD.
Impaired maternal serotonin production in early gyohic life may be a causative
pathway in the putative altered brain developmestylting in subsequent ADHD

related symptoms and behaviours.
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Introduction

Attention-Deficit/Hyperactivity Disorder

Historical perspectives

Attention-deficit/hyperactivity disorder (ADHD) the diagnostic term currently used
to designate a syndrome characterized by symptachp@blems related to attention
deficits, hyperactivity and impulsivity. The syndne has received different names and
definitions during the last century. In 1789, tlem&@sh physician Alexander Crichton
described a syndrome characterized by a “mentdésssess”, in which the affected
individuals showed an “incapacity of attending watnecessary degree of constancy
to any one object”, and which “almost always ariges an unnatural or morbid
sensibility of the nerves, by which means this fgcg incessantly withdrawn from

one impression to another”. Crichton postulated tthia condition “may be either born

with a person or it may be the effect of accidediseases®.

In 1902, the English paediatrician Sir George 8gkcribed a group of children with
hyperactive, impulsive, often emotionally heightémed socially disruptive
behaviour, with poor ability of sustained attentaord who did not seem to adapt their
behaviour in response as normally expected to kaad punishment. Still also
postulated a biological origin to what he calleétrmrbid defect of moral control”,

which could be either congenital or acquired bydse in infancy.

Some decades after Still's description, in the walken epidemic outburst of viral
encephalitis in the North of USA in 1917-18, theméPost-Encephalitic Behaviour
Disorder” (PBD) appeared. The term PBD referretheoclinical picture of children
who were left with significant behavioural and ciliye sequela after surviving this
brain infection. The syndrome was characterized bgmbination of impaired
attention and regulation of activity, impulsivitnéisocial behaviout This
observation led to a range of investigations oépfhossible causes of such a “brain

damage syndrome”, and associations were foundbaritin trauma, other brain
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infections, head injuries, lead toxicity, and epslg”. The terms “Minimal Brain

Damage” and later “Minimal Brain Dysfunction” (MBDgflect the view around 1950

that this syndrome of hyperactivity/restlessnesst@mtiveness was considered to be

the consequence of some kind of brain abnormalitygther or not a history of brain

damage was present.

Figure 1. Brief history of ADHD
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In the following decades, the aspects of inattenéind hyperactivity have been more

or less emphasized in the diagnostic definitiormnfHyperkinetic Behaviour

Syndrome’ and Hyperkinetic Reaction of Childhood Disordettir first official

recognition of the diagnosis in the Diagnostic &takistical Manual of Mental
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Disorders, 2nd edition (DSM-II) in 1968, throughtéition Deficit Disorder (ADD)
with or without hyperactivity in the DSM-III in 198 to the current Attention-
deficit/hyperactivity disorder (ADHD), recognizirigree different subtypes depending
on the dominant symptom presentation (see Figubedf, history of ADHD).

Diagnostic criteria and subtypes of ADHD

Present diagnostic criteria for Attention-Deficiyfperactivity Disorder AD/HD are
based on the Diagnostic and Statistical Manual enhtdl Disorders, fourth edition,
text revision (DSM-IV-TR), American Psychiatric Assation, from 20006, which is
the diagnostic system used for mental disordetisarJSA. In most European
countries, the present official diagnostic systerthe International Classification of
Diseases, ICD-16 where the diagnosis corresponding to AD/HD is @dm
Hyperkinetic Disorder. The need for internatiortaihslards, both in research and
clinical practice, has led to the widespread uskagtaptation of DSM-criteria also
outside the USA.

The DSM-IV comprises 3 subtypes of AD/HD; AD/HD goeminantly inattentive
type, AD/HD predominantly hyperactive-impulsive &gand AD/HD combined type,
which require 6 of 9 symptoms of inattention, @&ymptoms of
hyperactivity/impulsivity, or 6 of 9 symptoms froboth categories (see Table 1). In
addition, the category AD/HD Not Otherwise Spedif(dlOS) includes disorders with
prominent symptoms of inattention or hyperactiwiiyh impairment that do not fully
meet the formal criteria. The list and groupingsgmptoms are similar in the DSM-1V
and the ICD-10 (except that the symptom “oftendadkcessively” is classified as a
symptom of hyperactivity in the DSM-IV whereasstlisted among the impulsivity
symptoms in the ICD-10). The main difference betwie two systems is that the
ICD-10 requires symptoms from both the inatten{vef 9), the hyperactive (3 of 5)
and the impulsive (1 of 4) clusters for the diagaoshereas symptoms and
impairment from inattention symptoms alone areisigfft for the diagnosis according
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to the DSM-IV. Also, the ICD-10 is stricter in rafj out ADHD if other psychiatric

disorders are present at the same time, i.e.tdr@ifor a mood or anxiety disorder are

present, hyperkinetic disorder should not be diagdoThe frequently occurring

comorbidity with conduct disorder in children wADHD is, on the other hand,

regarded as a subtype in the ICD-10, where the k&perkinetic Disorders (F 90)

includes the following specifications; DisturbarafeActivity and Attention (F 90.0),
Hyperkinetic Conduct Disorder (F 90.1), Other Hypeetic Disorder (F 90.8) and

Hyperkinetic Disorder, Unspecified (F90.9).

Table 1.Diagnostic criteria of Attention-Deficit/Hyperaetiy Disorder according to DSM-IV

A. Either (1) or (2):

(1) Six (or more)of the followingsymptoms ofinattention have persisted for at least 6 months to

degree that is maladaptive and inconsistent witleldpmental level:

(a) Often fails to give close attention to detailsnakes careless mistakes in school-work,

work, or other activities
(b) Often has difficulty sustaining attention irska or play activities

(c) Often does not seem to listen when spokenreetly

(d) Often does not follow through on instructiomsi dails to finish schoolwork, chores, or

duties in the workplace (not due to oppositiondlea@our or failure to understand

instructions)

(e) Often has difficulty organizing tasks and attg

(f) Often avoids, dislikes, or is reluctant to eggan tasks that require sustained mental eff

(such as schoolwork and homework)

(g) Often loses things necessary for task or dss/ie.g., toys, school assignment, pencils

books, or tools)
(h) Is often easily distracted by extraneous stimul

(i) Is often forgetful in daily activities
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(2) Six (or more) of the followingymptoms of hyperactivity-impulsivity have persisted for at least

6 months to a degree that is maladaptive and instens with developmental level:

Hyperactivity
(a) Often fidgets with hands or feet or squirmseat
(b) Often leaves seat in classroom or in otheasita in which remaining seated is expecte|

(c) Often runs about or climbs excessively in gitues in which it is inappropriate (in

adolescents or adults, may be limited to subjedéeéings of restlessness)

(d) Often has difficulty playing or engaging indare activities quietly

(e) Is often “on the go” or often acts as if “dnivby a motor”

(f) Often talks excessively

Impulsivity

(g) Often blurts out answers before questions teen completed

(h) Often has difficulty awaiting turn

(i) Often interrupts or intrudes on others (e.gtdinto conversation or games)

B. Some hyperactive-impulsive or inattentive symptahad cause impairment were preseetore
age 7 years

C. Some impairment from the symptoms is presemivo or more settings(e.g., at school [or work]
and at home).

D. There must be clear evidencecbhically significant impairment in social, academic, or
occupational functioning.

E. The symptoms do not occur exclusively during therse of a Pervasive Developmental Disordg
Schizophrenia, or Psychotic Disorder and are nibébaccounted for by another mental disorder (¢
Mood Disorder, Anxiety Disorder, Dissociative Dider, or a Personality Disorder)

Adapted from the Diagnostic and Statistical Marafadlental Disorders, fourth edition, text
revision, American Psychiatric Association, 2000.
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Prevalence of ADHD

ADHD is one of the most frequently encountered dasgs in child psychiatry, with
prevalence rates of 3-7 % in school-aged childaenprding to DSM-I\?, and a
recent pooled prevalence estimate of 5.3 % actadges worldwid€’. However,
reported prevalence estimates vary substantiatiyden studies and countries (from
less than 1 % to more than 20 %Recent data from Norway estimate the prevalence
of ADHD among 8-10 years old children to be 1.7%@ he main explanation for this
variation is probably differences in practice ocdessment; i.e. ICD versus DSM
criteria; parents or teachers used as informamigairment criteria included or not,
age range, gender, and type of population stutfiedhe prevalence rates are
generally higher for DSM-based diagnoses, sincehalfiren diagnosed with ICD-10
hyperkinetic disorder will be included in the DSM-ADHD criteria, but not vice
versa (i.e. ADHD predominantly inattentive subtypexcluded in ICD-10**3 A
prevalence of 2-5 % thus represents a reasondineaés of the prevalence of ADHD

in children across populations.

Until recently, ADHD was considered to be a childdalisorder. In his description of
The Hyperkinetic Reaction of Childhood Disorded®b67, Laufer wrote that the
disorder has a “good prognosis” and “often disappafter puberty®, and the DSM-

|l stated that “it usually diminishes in adolesceht!. Still, during the last decades,
follow-up studies have shown that many childrerhviDHD continue to have
impairing symptoms also in adolescence and adulthdowever, to what extent
ADHD persists over the life span has not yet bestaldished. In a meta-analysis of
the earliest follow-up studies of children with ADHthe actual proportions of
children who retained an ADHD diagnosis at folloprin late adolescence and young
adulthood varied from 8-72 98. Again, this variation appears to depend on
methodological differences in the assessment of BDiHcluding the use of different
editions of the DSM at baseline and/or at follow-Bprsistence rates of ADHD have
shown to be much higher when parent reportingesluas compared to self-report

from the young adults themselVsin a recent review, Faraone and colleagues
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confirmed the age dependent decline of ADHD diagn@nd showed that the
persistence rates depended much on the definigomglused; from ~15 % persistence
at age 25 years if maintenance of full diagnogatus was required (i.e. syndromatic
persistence), to ~ 40-60 % persistence if partegmbstic status with impairment was
required (i.e. symptomatic persistence, correspantti residual ADHD in the DSM-
IV) 7. With a prevalence estimate of 5 % in childhobe, deduced prevalence of
ADHD in adults would range from less than 1 % foe full syndrome to about 2.5 %
for the residual state of ADHD. These projected/alence estimates are lower than
found in recent cross-sectional studies of adytutettions, which reported
international prevalence rates of adult ADHD betw2és and 4.4 %°%°. Thus, the
guestion may be raised whether ADHD seen in séfrred adults represents the same
condition as ADHD seen in childhod®

Clinical aspects of adult ADHD

The diagnostic assessment of ADHD may be challgniginseveral reasons. First,
according to current definitions, ADHD is a disartleat starts in childhood (see Table
1, criterion B). A diagnosis of ADHD in adulthoodauld therefore not be made
unless there also is a childhood history of symgtoMmADHD. This may, however, be
difficult to document retrospectively, becauserbeall and insight of own behaviour
in childhood may be inaccurate, and because infotsnaho were close to the person
in childhood may be unavailable. Second, althouggribstic criteria for ADHD state
that symptoms should be “maladaptive and incondisti#th developmental level”,
they are based on symptoms and behaviour obseanadldren®*. Follow-up studies
of children with ADHD have shown that the coursd aattern of symptoms change
over time. While motor hyperactivity seems to ati@e during late adolescence and
adulthood, attention problems are more persistetiinaay even increa$é?® The

core symptoms may also have other manifestatioadutts than in children and

thereby be more difficult to recognize as ADHD syamps. For example,
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hyperactivity symptoms may be limited to fidgetis@s an inner feeling of
restlessness rather than moving around, or tonddality to relax or sensation seeking
behaviour and intolerance of boredom. Impulsivitg atimulation-seeking behaviour
may have more serious consequences in adultsrit@mldhood, such as reckless
driving, terminating valuable relationships or ¢jai jobs without careful
consideration. Attention problems in adults aremftnanifested as difficulties
remaining focused in conversations or tasks, beasily distracted and having
difficulties getting organized. Other typical feads in adults with ADHD, not
mentioned specifically in the DSM-IV, are procraation and problems with time
management. Underachievement and low self-esteewifi@n reported. These ADHD
symptoms may actually be more impairing in adtgt, wwhen demands and
expectations to one’s self-organizing ability isreased relative to childhood, where
the structure from school and parents may competisathe lack of own, inner
structure. As stated by Weiss et al., “It is exatiis difference between what is
expected of children and what is expected of adnéismakes it hard to diagnose
adult ADHD using childhood criterig”.

In a comprehensive report on adult ADHD, Barkleglepresented and compared data
from two extensive studies on clinically referretiis with ADHD, and children
diagnosed with ADHD followed to adulthood, respeely. They demonstrated the

lack of sensitivity of current DSM-criteria for dtkiwith ADHD, both regarding the
formal cut-off of 6 of 9 symptoms from each symptoluster, and the age-of-onset
requirement of 7 years. Based on factor analytidets) they propose a novel set of
diagnostic criteria for adults, which better detite ADHD from the healthy

population, and better distinguish the disordemfimther clinical population®.

According to Barkley et al., and reflected in th@ioposed criteria, the core problem
in ADHD is a deficit of executive function (EF), orore fundamentally, of response-
inhibition. Executive functions may be broadly aefd as “a set of neurocognitive
processes that allow for the organization of betavacross time so as to attain future
goals”®. Thus, it is not the hyperactivity, often the mobvious symptom in children,

but rather the distractibility, the impulsive decis making, and the impaired ability to
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adjust their behavioural responses appropriateygibuation, which seem to best
distinguish adults with ADHD from adults without AID.

Affect lability and emotional dysregulation

Adults with ADHD commonly present with additionaglsptoms to those required by
the formal diagnostic criteria, but which may oftenas impairing as the defined
ADHD core symptoms. These symptoms, mainly relabeaffective lability or
emotional dysregulation, were included in the eatldescriptions of ADHD in
children®® and are currently listed as associated featurd®fD in the DSM-IV. In
their early reports on adults with persistent ADKDowed up from childhood,
Wender and colleagues proposed a new set of diigoiseria aimed to better reflect
the adult phenotype of ADHE. These Utah-criteria require the presence and
persistence of both motor hyperactivity and attanproblems in childhood and in
adulthood for the diagnosis, in addition to at tea® of the following five
symptoms/problems; mood instability (mood shifgttast for hours or at most a few
days), disorganization or inability to completekigshot temper (anger outbursts,
easily irritated), emotional over-reactivity (ddtilty dealing with ordinary stresses of
life), and impulsivity (such as impulsive buyingher hasty business decisions,
driving behaviour, initiation or termination of atlonships). Wender and colleagues
also developed the Wender Utah rating scale (WWHRS) tool for the retrospective
assessment of childhood ADHD) emphasizing the importance of tracing symptoms
back to childhood. Despite meeting a need for aatijlisted criteria for ADHD at the
time, the use of the Utah criteria have been lidhifrobably because they fail to
identify the predominantly inattentive subtype ddAD, and because they may not
adequately delineate ADHD from affective disord@rdhe emotional aspect of
ADHD however still reflects the clinical realityfpatients with ADHD and their
clinicians, and is associated with a more seveuveseoand outcome of the disorder
252931 A topical question is how these emotional sympstamould best be

understood; as an associated trait in a subgropptants (DSM-IV), as part of a
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comorbid®, or even primary affective disord®&r or as a main feature of ADHD

25:3435(see Discussion of main findings).

Comorbidity and overlap with other psychiatric disorders

Attention-deficit/hyperactivity disorder frequenttp-exists with other problems and
psychiatric disorders, and this is particular ruadulthood. About 80 % of ADHD
patients in clinical settings fulfil criteria fot keast one, and approximately 50 % for at
least two other DSM-IV diagnosé%*®*’ Comorbidity is also common in non-referred
and community samples of adults with ADHP'. The most frequent co-occurring
diagnoses are mood and anxiety disorders, substeeceisorders (SUD) and
personality disorders3¢3

Mood (or affective) disorders are grouped into ofap and bipolar disorders (BD),
the first comprising depressions only, the lattearacterized by alternations between
depressive periods and periods of elevated moo@aed)y, i.e. mania (bipolar
disorder 1, BD 1) or hypomania (bipolar disordeBD), 2). Attention-
deficit/hyperactivity disorder and BD have seva@inmon features; they are both
heritable disorder®*!*2 their core symptoms involve a dysregulation afresy,
activity, impulsivity, mood and attentidhand both disorders often co-occur with
other psychiatric disorders and probleth$™* i.e. SUD***°and anxiety disorder$
°2. A main distinguishing feature between ADHD and Blhe periodicity of
symptoms (state-like) in BD, contrasted to the nlc@ymptom course (trait-like) in
ADHD. However, in recent years the concept of BB haen extended, including
patients formerly diagnosed with unipolar deprassioThere is now increasing
evidence that affective temperaments, life-longegslation of mood, and other
chronic symptoms are important parts of the phemahogy of the bipolar spectrum
disorders (BSDj**°. Another distinguishing feature between ADHD aridl iB the

age of onset, which typically is in late adoles@&ocyoung adulthood in BD, and
before school age in ADHD. Interestingly, child plsiatrists are currently discussing
the diagnostic criteria and phenomenology of BBhiidren, where the broadly

defined juvenile BD seems to have more overlapfeagures and to be more
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comorbid with ADHD than the narrow defined BD, whiis based on the classical
adult criteria for BD’®®  (For further discussion of this topic, see Disian of main

findings).

Substance use disorders (SUD) are frequently regp@mong adults with ADHD. In
clinical samples of adults with ADHD, lifetime pra@ence of alcohol abuse or
dependence varies between 17 and 53 %, and far drihgs between 8 and 3295
®L In community-based samples, 15 % of adults willH#® report a lifetime history
for any substance use disorder compared to 6 %udfsawithout ADHD™.
Symptoms related to substance misuse may be diftedistinguish from primary
ADHD symptoms, and ongoing substance use is aelichallenge in the diagnostic
assessment and the treatment of ADHD. The developaiesUD in children growing
up with ADHD seems to be partly mediated by thespnee of symptoms of conduct
disorder and of juvenile BD in adolescence. Contbtpwith SUD is further
associated with antisocial behaviour and low fuorgtig, including criminality, in
adult life °°®%%3%? Some studies indicate that this malignant coaf#&DHD may be
reduced by treatment with central stimulants (@tildhood®, but more

prospective studies are needed to clarify this ntgmd issue.

Anxiety disorders are also reported more often ajradmldren and adults with ADHD
than in the general populatioh®®®’ Anxiety as a trait may be considered antagonistic
to impulsivity, whereas anxiety and attention dosely related. The combination of
ADHD and anxiety seems to be more linked to th&@miive subtype, to have a
different cognitive profile and possibly also baeised by other risk factors, than the
combined and hyperactive-impulsive subtypes of AD¥E5°%%° Differentiation
between ADHD and anxiety may however be difficalthe clinical setting, especially
since both disorders may appear early in lifehésdnxiety secondary to a
disorganized and chaotic life due to a primary AQHDis the inability to concentrate
and achieve secondary to a primary anxiety dis@rddn adults, some anxiety
disorders (panic disorder, generalized anxietyrdesg have shown to be more
specifically related to bipolar spectrum disordérg his indicates a putative link

between mood, anxiety and attention that may levagit for ADHD.
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In the multidimensional DSM, ADHD is classified @s axis | disorder, but the
description of this long lasting trait is semariticalose to the axis Il personality
disorders used in adult psychiaffyIndeed, it has been shown that many children
with ADHD as adults are diagnosed with personalisorders, in particular the cluster
B personality disorders (i.e. antisocial and bdide) **"*" Features related to
impulsivity and poor self-regulation (affect insilélp, lack of organization, impaired
social relationships) are characteristics of bolH® and borderline personality
disorder (BPD), although not included in the cutiagnostic criteria for ADHD.

This may suggest that the axis Il disorders arsseoanplications of insufficiently
treated ADHD, but may also represent age depemdanifestations of common,

overlapping traits.

Treatment

According to current guidelines, the first lineatm@ent in mild to moderate cases of
ADHD in children and adolescents is parent traifedgcation programmes for carers
and psychological and/or social skills training filoe child or adolesceht’®
Psychosocial interventions should also be the tiiesttment for adults with ADHD
with mild symptoms and impairment. Cognitive beloaval therapy (CBT) has shown
to be effective in reducing persistent symptomadults after stabilization with
medication’®

For severe cases of ADHD in children (except prestdrs), and moderate to severe
cases of ADHD in adults, medication is considetegfirst line treatment. Since the
discovery of amphetamine’s calming effect on hyptwva children in 1937, and the
approval of methylphenidate for treatment of bebaral disorders in children in the
beginning of the 1960s, central stimulants (CS)haeen the drugs of choice in the
treatment of ADHD/hyperkinetic disord&k New developments in the
pharmacotherapy of ADHD have so far mainly beeateel to alterations in
composition and release properties of thes&CAlthough CS are the most effective
drugs in treating ADHD on a group ba8isthe more recently introduced non-

stimulant drug atomoxetine has also shown to leceffe and may be a useful
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alternative for non-responders, or cases wheraukdints should be avoided (e.g.
ADHD comorbid with anxiety or SUB*®3. Other drugs that have been used less
frequently include some antidepressants (buproptiayclic antidepressants) and
antihypertensives (clonidine, guanfacifi2)All of the above mentioned drugs act on
the catecholaminergic system. In contrast, the hidsed selective serotonin reuptake
inhibitors (SSRI) in adult psychiatry do not havey@ocumented effect in reducing
core ADHD symptom&’. Despite the existence of effective treatmentéaiucing

core symptoms of ADHD, there is still a need fardses that evaluate the long-term
effects of pharmacotherapy on function and impanmn&nd studies on ADHD

patients with comorbid disordet$®

Neurobiology of ADHD

Brain regions and networks

ADHD is often considered a neurodevelopmental disgri.e. the symptoms and
behaviour are caused by a disturbed developmehedsrain. Imaging of the brain
with magnetic resonance techniques (MRI) has shbtanchildren with ADHD on
average have a reduced overall brain volume ofta®@duo compared to control
children®*?2 The most prominent and consistent structuratitefin ADHD in
children have been found in the frontal lobes @rtipular the prefrontal cortex), the
basal ganglia (striatum), and more recently alstéencerebellum, the anterior
cingulate cortex and the corpus callosstiift. Longitudinal studies have shown that
normal maturation of the brain cortex is delayedibgut 3 years in children with
ADHD compared to controf¥, and cross-sectional studies have shown thatcebrti
thickness is reduced in children, adolescents dnttsawith ADHD 8. Deficits in
response inhibition and of executive functions asementioned, considered a core
problem in ADHD®. Functional MRI has made it possible to localtzese executive

functions not only to the prefrontal areas of thairy but also to fronto-striatal, and

25



fronto-subcortical-cerebellar networks. These asemsn to be underactivated in
children with ADHD compared to controls during merhance of tasks involving
attention and disinhibitiof’>*** Differences in volume and shape of the hippocampu
and the amygdala have also been found in childignADHD, suggesting an
involvement of the “emotional” limbic system in tHsorder'®% Although fewer in
number, studies of adults with ADHD confirm theseib abnormalities®**%
Furthermore, it seems that the observed dysfuretiochildren and adults with
ADHD are not restricted to isolated brain regions o compromised inter-regional

connectivity- “the wiring”- between these aréas*®*"’

Neurotransmitter systems

Several neurotransmitters seem to be involvedarptthogenesis of ADHD, of which
the monoamines, and in particular the catecholasria@e been the most studied. The
main reason for this is that the central stimutimigs methylphenidate and
amphetamine act indirectly as dopamine (DA) ancdi@naline (NA) agonists,
mainly by blocking the reuptake of DA and NA in thgnapsed® ! The
noradrenergic system is also the main target oféective NA reuptake inhibitor,
atomoxetine, a more recently introduced drug intteatment of ADHD.

Dopamine is involved in the regulation of cognitiomovement, reward and
motivation, whereas NA is important for arousal &dsensory information
processing, all considered central aspects of Apdizhopathology. Dopaminergic
neurons originate mainly in the brain stem andhyothalamus. Their axons are
connected to other brain regions by dopaminerdievipays, of which the mesocortical
and the mesolimbic seem to be the most importaADRID. The axons of the
noradrenergic neurons in the locus coeruleus algedi to various regions of the
brain including the prefrontal cortex, the cingelgtrus, the striatum, the amygdala

and the hippocampus.

The monoamine serotonin is also involved in a vaé behaviour and brain

functions, such as impulsivity, aggression, moagnition and sleep. Serotonergic
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neurons originate in the raphe nuclei in the bséém and project extensively
throughout the brain in a diffuse modulatory systémSerotonin as a
neurotransmitter has been widely studied in mood-anxiety disorders, but has so
far received less attention in ADHD. However, thisrevidence that serotonin may
have a separate contribution to aspects of the ApH&notype’**** Experiments on
dopamine transporter (DAT) knockout mice have iathd that the calming effect of
stimulants on dopamine related hyperactivity is iaied by serotonergic activity’,
and that serotonin modulates the effects of dopammithe reinforcing/addictive
elements of drug-taking behaviddf. A putative role of serotonin in ADHD thus
would be through a disturbed balance and/or interaevith the other catecholamines
within different regions of the brait’**? Most of the serotonin in the body is
however synthesised outside the brain, localizeulgnan the gastrointestinal tract
and blood platelets®. Importantly, the effects of serotonin on ADHD mextend
beyond that of defective or altered neuronal sigralRodent data have shown that
serotonin is crucial for normal embryonic brain eepment?, and findings
presented in this thesis suggest that low mateerakonin production in pregnancy
may have lasting effects on neuropsychiatric symgtand behaviour (Paper 1V).
Still, the specific role of serotonin in the devahoent of ADHD remains to be

elucidated.

Risk factors of ADHD

Attention deficit/hyperactivity disorder is considd a complex trait disorder, with
heterogeneity both in its clinical expression anol@gical pathways. As early as in
1902, Still noted that the origins of the disordeuld be congenital or acquired, either
by disease in early infancy or by later trauma.dlasn family, adoption and twin
studies, it is now generally acknowledged that ADIdDf familial origin in most
cases, with summarized data from twin studies tempa heritability estimate of

about 75 %'°, which is among the highest for psychiatric (aothatic) disorders.
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Genetics

Inspired by the high heritability rates and putattmonoaminergic dysfunction in
several psychiatric disorders, numerous associatimties on candidate genes have
been performed on ADHD. The most studied candigatess in children with ADHD
are related to the dopamine system. Some signifassociations across studies have
been found for the dopamine transporter (SLC6A3/MAThe dopamine D4 receptor
(DRD4) and the dopamine D5 receptor (DRD5) géfe©ther genes from the
noradrenergic (DBH, SLC6A2/ NET, ADRA2A) and semogic systems
(SLC6A4/SERT, HTR1B, TPH1, TPH2) have also beewn@ased with ADHD in
children'?>. However, results have been inconsistent and onbtfese findings have
so far reached whole genome significance (defineeks5x10*when using 19
markers)?®. Heterogeneity across studies may represent randoations and
methodological differences. It should however héhker explored, as it may also
reflect differential involvement of genes in diféet subgroups of patient& %
Whereas candidate gene studies are hypothesisidsganning of parts or the whole
of the genome without predefined hypotheses mayskéul to explore “new”
associations of genes to a disorder. Linkage stuthee identified several
chromosomal regions associated with ADHD, somelativhave been reported in
multiple studies (5p13, 14q12, 17p11) The only chromosome region reaching
genome-wide significance in a meta-analysis of@allome-wide linkage scans
performed until 2008 (7 studies, 2084 individualsatal) was located on chromosome
16 (16g21)**°. Interestingly, none of the more than 200 geneatkd within this
region, had previously been considered as candigates for ADHD'?>. Six whole
genome wide association studies (GWAS) have sbdan published on ADHD
(September 2010); five in childréff**°and one in adult8™. No single gene marker
reached genome-wide significance in meta-analystgeee studies, and little overlap
was found between the studié'*2 Again, none of the classical neurotransmitter
candidate genes were on the list of the genesstritimgest association to ADHD. The
authors also compared a list of a priori definegdodate genes. Although none of

them reached whole genome significance, there vgligla inflation of low p-values
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among the candidate genes, which suggests thatsiotiinese genes may harbour a
true association signal. The highest ranked getl@smmeta-analysis of candidate
genes (and the only gene overlapping between thA&Was the CDH13, which
interestingly is located in chromosome 16, i.ethim peak region from the meta-
analysis of linkage studies of ADHD. The CDH13, ethencodes a cell adhesion T-
cadherin involved in cell motility and growtf**4 has previously been associated to
alcohol and drug abus&. Thus, findings from GWAS have guided the attemtio
towards new genes, some of which seem to be refating development and function

of the nervous systefi?.

In view of the initial optimism, the rapidly evohg technology and the continuous
efforts in genetic research on ADHD, the resulthasearch for a genetic
underpinning of ADHD and other complex disordergéhso far been disappointing.
The polygenetic and multifactorial etiology, ane teterogeneous phenotype of
ADHD (characteristics of complex trait disordetis)probably the main reason for the
lack of identification of genes that confer a majek. Common genetic risk variants
(polymorphisms) may be difficult to identify becauke effect of each gene variant is
small (low penetrance) and may increase the risk ftisease only when interacting
with other genetic or environmental factors. Impatly, if a strong association is
found between a disease and single nucleotide moymsms (SNPs), the function of
the gene may still be unknown. Rare gene variantggtions) which each may be
more strongly associated to the disorder (highaeepance) are more difficult to study
in association studies, because each variant sgpt@nly in a small number of
individuals (Figure 2). However, if identified, thenay be very useful in elucidating
pathogenetic mechanisms of the disease since thgymlinked more directly to the
phenotype. Thus, whereas only weak associations feend between common
variants of TPH1 or TPH2 in a recent large assimciattudy of adult ADHD?® a
study of functional, rare variants (missense moitesj within the same genes were
found to be associated with ADHD (Paper IV). Likseji Elia et al. studied rare copy
number variants (CNV) in ADHD patients. They fouhdt these variants were more

likely to affect genes that have also been impéidah other neuropsychiatric disorders
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(autism, schizophrenia, epilepsy). They thus catedithat rare CNVs could play an
important role in impaired neurodevelopment, inatgdADHD **'.

Penetrance

High

Mendelian Highly unusual for

disease common diseases
Low-frequency
variants with
intermediate

penetrance

Intermediate

Most variants

Modest Hard to identify identified by

genetically GWA studies

Low

Allele
Very rare  0.001 Rare 0.01 Uncommon 0.1 common  frequency

Figure 2: Disease susceptibility related to frequency ofegie risk variants. The genetic contribution
in common (complex) diseases is typically basethersum of several common gene variants acting
together in increasing the vulnerability for theadider. The effect of the individual gene is sl

is therefore difficult to detect in (genome widssaciation studies. Figure adapted from McCarty et

al., by permission from Macmillan Publishers LtchtNRev Genet, copyright 206%.

Environmental risk factors

A heritability estimate of 75 % implies that at$e&25 % of the etiology of ADHD is
due to non-genetic (acquired, environmental) r&skdrs. Several environmental risk
factors have been associated with ADHD, spannioigy fopsychosocial stressors, to
physical injuries or exposure to toxins to the bfai**° Environmental risk factors

may be ‘shared’ (by several individuals, siblings)non-shared’ (unique to the
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individual). The ‘non-shared’ risk factors seenbsomost important in the
development of ADHO*"**2 Environmental risk factors may further be classifas
pre-, peri- or postnatal, depending on their peabuohfluence relative to birth. Table 2
shows risk factors that have been associated WitHB. Postnatal factors include
brain trauma and infections (cf. post-encephatitein disorder, minimal brain
damage), endocrine and metabolic disorders (thydgsfiunction, phenylketonuria),
toxins (PCB, lead), nutritional factors (deficiess; additives, diet stylé}***’
Psychosocial factors such as low social class nparenarital conflicts, maltreatment
and emotional trauma during childhood, are also@ated with ADHD, in particular
when several such factors occur togeffigt*® Although they may increase symptoms
and problems related to hyperactivity and inattentfurther research is required
before the role of acquired risk factors’ role ne ietiology of ADHD can be

established.

Pre- and perinatal environment

Pre- and perinatal factors are particularly ativacas “candidate” environmental risk
factors for neurodevelopmental disorders becausieeaf potential influence on the
developing brairt®***! Several maternal life-style factors during pregnehave been
associated with ADHD in the offspring (Table 2)vdiich maternal smoking has been
the most reportet?***°> Growth retardation, preterm birth and low birtaight have
also been widely studied and correlated to incias& of ADHD and ADHD
symptoms in later childhood®**®and adolescendé®® Little is known, however,
about these factors in relation to ADHD persistio@dulthood. Other interesting yet
less studied factors are maternal somatic diseasenatabolic or endocrine
dysfunction, such as epilepsy (Paper IlI), thymygfunction'®, phenylketonuria®

and serotonin deficiency (Paper V).
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Table 2 Environmental risk factors that have been assediaith ADHD

Prenatal risk factors

Perinatal risk factors

Postnatal risk factors

Alcohol in pregnancy
Smoking in pregnancy
Drug use in pregnancy
Medication (thyroid medication)

Maternal somatic conditions (epilepsy, thyroid

disorder, phenylketonuria, obesity)
Maternal stress during pregnancy
Lead exposure
Growth retardation
Bleeding in preghancy
Protracted/complicated delivery
Low birth weight
Preterm birth
Low Apgar score
Cerebral trauma
Infections (encephalitis, meningitis, otitis media)

Nutritional factors (nutritional deficiencies, food

additives, food sensitivities)

Psychosocial adversities
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Genes and environment

Since the impact of individual genetic and enviremtal risk factors in ADHD is only
small or moderate in size, their contribution kely through an additive and /or
interacting effect in a multifactorial etiologicadodel. This may be gene-gene,
environment-environment, or gene-environment irtigoas, and the effect of one
factor may be either mediated, or moderated, bytasence of the other factor. In the
case of ADHD, gene-environment interactions hawnldeund between; low birth
weight (LBW) and the catechol-O-methyl-transfergeae (COMT) in predicting anti-
social behaviour in children with ADHE* maternal smoking in pregnancy and
polymorphisms in dopaminergic genes (DAT, DRBE)and the nicotinic receptor
gene (CHRNAA4) related to the combined subtype of#SDrespectively®.

Interaction between serotonergic gene variants {SEHRH2) and burden of life
events seem to predict the presence of co-occupengpnality traits and personality
disorders in adult ADHD patienf§, and both dopamine and serotonin transporter
genotypes may modify effects of maternal expressedtions on emotional and
conduct problems in children with ADHE. These studies illustrate the possible
benefits of studying limited phenotypic aspecta @bmplex disorder like ADHD,
which may have different risk factor profiles. Hoxee, the exploratory nature of these
studies calls for replications before conclusioas be made. Further functional and
experimental studies are required before thesdatdkrs can be considered true

pathogenic factor¥”.

Persistence of ADHD

Risk factors causing a disease are not necessiagilyjame as the risk or protective
factors influencing the course of the disease timee *°® Clinical studies have shown
that the severity of ADHD (symptom severity, functal impairment) and the
presence of psychiatric comorbidity and childhoddeasities (including parental

psychopathology) are associated with persisten@defD to adulthood®®*™ Little
33



is known, however, about specific risk factors haligh it has been suggested that
ADHD persisting to adulthood may be more heritaben ADHD that remits during
adolescencé&’®, recent twin studies of adults have reported Iovezitability rates than
those found in child studi¢$®*"°(Larsson et al., unpublished data from Swedish
sample of 15.000 twin pairs). Furthermore, recargd-scaled association studies of
adults with ADHD have not been able to replicaetiost established genetic
findings from previous research in childhood ADH#&ating to dopaminergic genes
132176 A study of serotonergic candidate genes in a doatbsample of children and
adults with ADHD revealed that some genes wereca®a only to adult ADHD
(MAOB), others with the combined subtype of ADHDuath adults and children
(5HT2A), and others again to adults and childretn®DHD in general (DDC}"". It

Is not clear, however, whether these findings otftifferential effects of genes across
the life span, methodological differences betweaadiss, or differences in assessment
of the ADHD phenotype in children and adults (selbort versus informant reports)
178.

Environmental risk factors have been less studieatiults with ADHD.
Methodological challenges in the assessment offaistors in adults include the fact
that the number and hence the complexity of pakatid interfering exposures will
accumulate over time, and the problem of recaB.dtarther research exploring
potential differences between risk profiles of ADHEmiItting in childhood versus

ADHD persisting to adulthood would however be dénest.
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The present study

The present study is part of the multi-disciplinatydy “ADHD in adults in Norway;
from clinical characterization to molecular meclsams” initiated at the University of
Bergen in 2004. The main motivation for conductinig study was a strong need for
more knowledge about ADHD in adulthood, which appdas a “new” diagnosis
encountered in adult psychiatry at the time ofitiation of the study. The
heterogeneity in the clinical presentation of aslulith ADHD motivated both the
primary clinical descriptions and the search fosgole risk factors. The general aim
of this study was to increase the understandirtbisfapparently prevalent, but often
overlooked disorder.

Aims

I. Characterization of clinically diagnosed ADHD pati&
» To describe occupational functioning among aduitea WDHD, and to examine

the effects of symptom profile and treatment ornrthumctioning (Paper 1)

» To investigate the comorbidity and relationshipaesn bipolar disorder (BD) and
ADHD (Paper II)

II. Investigation of pre- and perinatal risk factoradult ADHD:

= To determine the association between complicaiiopsegnancy and delivery and
ADHD persisting to adulthood (Paper IlI)

» To investigate the possible role of reduced sermtproduction on ADHD related

symptoms and behaviour (Paper 1V)
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Materials and methods

The present study is based on a cross-sectionalocarol design of a nation wide
sample of adults with ADHD and a population-basewtiol sample. Paper IV
additionally includes family members of ADHD patignand Paper Ill uses a registry

based nested case-control design.

Patients

We aimed at gathering a naturalistic patient saraplencountered in general clinical
practice. Two main sources of patient recruitmeaternused; the registry of the former
diagnostic committees (Expert Committees of Hypee#c Disorder) and clinicians

(mainly psychiatrists) nationwide.
The Expert Committees of Hyperkinetic disorder /ADH

The prescription of central stimulants (CS) for leglwas legally restricted in Norway
until 1997. From October 1997 to May 2005, aduts3(years) with ADHD/
Hyperkinetic disorder were allowed to receive C§ aifter a systematic and
mandatory diagnostic evaluation by one of threeoread diagnostic committees; i.e.
the Expert Committees for Hyperkinetic Disorder/AD *"°. Patients were referred to
the committees by their psychiatrists, generaltgracers or hospital doctors. Each of
the diagnostic committees consisted of three t® €hnicians (mainly psychiatrists
and neuropsychologists), with special experiencdiagnosing ADHD in children

and adults. A few pioneering clinicians also diaggeband treated adult patients with

ADHD in addition to the committees (on special pssions).
Diagnostic assessment

The referral procedure to the expert committeesired both thorough descriptions of
the patient’s current symptoms and functioning iaformant information about

childhood behaviour and functioning. Results framygical and psychiatric
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examinations were also required. The expert coraastthen reviewed the patient’s
records to confirm, or disprove, the diagnosis BHD. A formal conclusion was
made recommending or not recommending treatmehtaeihtral stimulants, based on
a confirmed diagnosis and the absence of contriaatidns for such treatment (mainly
psychosis or ongoing substance abuse). The diagressessment was done according
to the ICD-10 research criteria for Hyperkinetic@®ider, with two modifications;
allowing the inattentive subtype as sufficienttioe diagnosis and allowing the
presence of comorbid psychiatric disorders as &mthe criteria for ADHD were
fulfilled and present before the appearance otdreorbid disorder. This diagnostic
assessment strategy was chosen as a compromiseebetve fact that ICD-10 was the
official diagnostic system used in Norway, andrtieed to have an assessment
comparable with the international DSM-IV standaf@<B. Fasmer, personal

communication).

The data from the Expert Committees of HyperkinBigorder /ADHD were not
primarily designed as a patient registry, but duthé compulsory referral system for
adults considered for medical treatment for ADHBtill constitutes a national cohort
of adult ADHD patients. During almost eight yedah&e committees handled more than

5000 patient referrals, and nearly 70 % were recend®d for treatment (n = 3397).

In May 2005, National Guidelines for Diagnosingdspan ADHD were implemented
by the Norwegian Health Authorities. Since thendiagnosis and treatment of adult
ADHD was handled by individual specialists in psgtty and psychology without the

direct involvement of the former expert committees.
Recruitment to the present study

Based on the address lists from the Expert Comesitté ADHD/Hyperkinetic
disorder, patients all across Norway were invitedally by posted mail to join the
project. A total of 1700 invitations were sent &ipnts (mainly to those diagnosed
after the year of 2000) from 2005 to 2007. By Delsen2007, 338 (19.9 %) of the
invited patients had returned completed questioraand were included in the study.
Clinicians (general practitioners, psychiatristd @sychologists) from all over the
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country were also invited to recruit patients vatkierified diagnosis of adult ADHD

(mainly from out-patient clinics in the period fralune 2004-September 2006).
The inclusion criteria for patients were:

1) A diagnosis of ADHD or Hyperkinetic Disorder e#eed in adulthood confirmed by

a clinician outside the project according to DSMdWMCD-10 criteria.
2) Age> 18 years at the time of inclusion.
There were no formal exclusion criteria.

Patient recruitment to the project started in 2804 is still going on at present time.
The first 420 recruited patients were included apé&r |, the first 510 in Paper I, and
the first 459 patients in Paper IV. The patient glenm the epidemiologic study in
Paper Il includes all patients from the registfyle Expert Committees who were
found eligible for treatment with central stimula@ind who were born between 1967
and 1987 (n = 2323). (Figure 3)

Controls

The control persons used in this study are indaisluandomly recruited from the
general population in Norway having the same aggeas the patients (Paper |, I,

IVV), and a whole population cohort in Paper IlI.
The Medical Birth Registry of Norway (MBRN)

The MBRN is based on compulsory notification oftatths in Norway from 1967.
During January and March 2007, 2163 invitatiorelettwere sent out to a randomly
selected sample of the Norwegian population betvi@eand 40 years old, using the
MBRN as the basis. By December 2007, 417 of the88 (%) had responded with
completed questionnaires and were included inttieys The control sample in the
present study consisted of the first 359 recruti@utrols by this procedure in Paper I,

and the first 417 in Paper Il. In Paper 1V, the pnof 606 controls additionally
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included 189 controls recruited from other souéesnds of patients, n = 44, students
n =139, and 6 ‘other’). In Paper lll, the contgobup consisted of the whole
population born in Norway between 1967 and 198jistered in the MBRN, and who
had reached 18 years of age (n =1 170 073) (Figjure

Family members

Family members of patients were invited via pasdptrobands) to participate in the
family study of the main project. The families inded in Paper IV were families of
probands with TPH 1 mutations, and in which atti@®e family members agreed to

participate. Seven families with a total of 86 memnsbwere included.

Figure 3. Flow chart of included subjects in Papers I-IV

National Registry of Adults with ADHD Medical Birth Registry of Norway
N = 5000 (total referrals 1997-2005) N = 5 millions (January 2009)
Eligible for treatment Surviving 18 years
N = 3397 N =2.346.414
v v
Born 1967-1987 Epidemioloaical stud Born 1967-1987
—_ pidemiological study (Paper Iil) —
N =2323 Patients n = 2323, Controls n = 1.170.073 N =1.170.073
v
Invited patients Invited controls
N =1700 N =2163
Positive response l
N =338 ini i
Clinical studies (Paper | and II) Positive response
— Paper I: Patients n = 414, Controls n = 359 R — N =417
Refered from clinicians Paper II: Patients n = 510, Controls n = 417
N=172 l l
inmily members of patients Family/mutational study (Paper IV) Ad_ditional controls
N=97 Patients n = 459, Controls n = 606, Family n = 97 N =189
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Questionnaires

All participants included in Paper I, Il and IVI&H in questionnaires for past and
current ADHD symptoms, symptoms of bipolar disor(#D), and questions about
lifetime co-existent disorders and problems, as asekociodemographic data
including educational and occupational activitys#mple of blood or saliva was
collected for further genetic analyses. No infooratvas obtained directly from the
patients or controls in the registry based studyaper lll.

The following self-report questionnaires were usethis study (Papers |, 11, IV):

The Wender Utah Rating Scale (WURS): The WURS sgiteed to retrospectively
assess symptoms and signs of ADHD in childhood.vEmsion of the scale used in
this study contains 25 items and has been validatestveral investigators in different
countries and populations. Each of the 25 quesi®reted on a 5-point severity scale

(0 = not at all/very slightly, 4 = very much).

The Adult ADHD Self Report Scale (ASRS): The ASRShe World Health
Organization’s (WHO) rating scale for adult ADHDsifgned to measure current
ADHD symptoms. It consists of 18 items based on DISNMymptoms/criteria for
ADHD that are measured on a 5-point scale (0 =miselelom and 4 = very often).
The items 1-9 cover the symptoms of inattenticemitL0-18 the symptoms of

hyperactivity and impulsivity.

The Mood Disorder Questionnaire (MDQ): The MDQ iscaeening instrument for
bipolar spectrum disorders, BSD (i.e. BD |, BDBD not otherwise specified (BD
NOS), and cyclothymia) for use in the general papah and in psychiatric patient
populations. The MDQ has been validated in bothupdmn-based and clinical
samples®® The MDQ consists of 15 items; the first 13 quesiare about lifetime
symptoms of mania or hypomania, and the last tvomtabo-occurrence of symptoms
and ranking of functional impairment caused bydjmmptoms. Question 1-14 is

answered by ‘yes’ or ‘no’, question 15 by a 4-p@everity scale. A positive MDQ
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score is defined as 7 or more ‘yes’ on the firsttéfhs, ‘yes’ on question 14 (co-
occurrence of symptoms) and level ‘3 or more’ orgjion 15 (moderate to severe

impairment).

The WURS, ASRS and MDQ have not yet been officialliidated in Norway, but
translated versions exist and are being used batfinical practice and researtf.

The ASRS version used in this study is the samewha used by the Expert
Committees of Hyperkinetic Disorder/ADHD. It wasginally translated and re-
translated (by an English-native employee of theadgian Department of Health and
Social Welfare) and has later been evaluated bypéreenced psychiatrists from our
project group. The MDQ has been translated by avdgian psychiatrist (P.
Bergsholm) and retranslated by an English-natiyelpsiogist, and is currently being
used in clinical practice in Norway. The NorwegiatURS version has been used in

earlier publication$®

In addition, the patients answered 31 questionseming sociodemographic factors
including educational and occupational level, et present medical treatment and
lifetime history of comorbid disorders. They wetsoaasked about the presence of
ADHD and comorbid disorders in first degree fanmigmbers. All patients were
asked to give a form to their doctor (mainly pswathsts) with questions regarding
diagnosis and medical treatment. These questiasaiere specifically designed for

this project (See Appendix for the Norwegian vamsiof the questionnaires).

Clinical interview

To assess the self-reported comorbidity on thetouesire, a randomly selected
subsample of patients living in the Bergen aredPaper Il) was invited to a
clinical interview. The interview took place at thet-patient section at the
Department of Biological and Medical Psychologytet University of Bergen. The

interview was based on the semi-structured modaged Mini International
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Neuropsychiatric Interview, the Plus version (M.1.NPlus)*®. The M.I.N.1.-Plus
assesses general psychopathology in adults byingu@ain axis 1-diagnoses
according to both DSM-IV and ICD-10. Patients andtools were interviewed in a
random sequence as part of the main project wihnterviewers being blinded to the
subjects’ diagnostic status and self-report restili® experienced psychiatrists
performed the interviews (AH and MD, Paper Il). &fan initial phase of observing
each other’s interview directly behind mirroringngows, video-recordings of the
interviews were performed when feasible. Howevemglete inter-rating measures

were not available at the time of submission of thiesis.

Mutation analyses

As part of the main project, a blood or saliva seemyas obtained from all participants
(in Papers I, Il and IV) after informed consent. ®KMom saliva was extracted using
the Oragene TM DNA Self-Collection Kit, and by stand methods from blood.
Sequencing of the all exons and intron-exon regadniéPH1 (and TPH2) was
performed for 457 (459) patients and 187 (179) msto identify mutations (Paper
IV). Further genotyping targeting the found mutatiavas performed for 86 (97)
family members of ADHD patients. Protein expressio&. Coli and Human
Embryonic Kidney (HEK) cells, and analyses of TRHdtants, were then performed

to determine the impact of mutation on protein fiorc

Statistical analyses

Data were initially analysed to describe and comp@quencies and prevalence of
different variables, using contingency tables (Siprare tests, Fisher’'s Exact tests) for
categorical variables and independent sample (®sigdent T-tests) for non-
categorical variables. Regression analyses (legstd linear) were then performed to

explore possible effects of different variablesdefined outcome measures. A two-
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tailed significance level of .05 was chosen fotistigal significance. Odds ratios (OR)
and relative risks (RR) were expressed with thefreasponding 95 % confidence
intervals (ClI).

The statistical analyses were mainly performedguSRSS (Statistical Package for the
Social Sciences, SPSS Inc, Chicago, IL, USA) verd#.01 (Paper I), version 15.01
(Papers Il and 1V) and PASW (Predictive Analyticdt®are, former SPSS) version
18.0 (Paper lll). In addition, STATA (STATA Interoted release 9 (Stata Statistical
Software: Release 9, 2005, College Statin, TX:@&atp LP)) was used for RR

analyses in Paper lII.

Ethics

An informed consent based on detailed written mi@iion about the project was
obtained from all the participants included in Ragell and IV. All participants
received NOK 250, - (~40%) upon return of questairas and spit or blood samples,
and an additional NOK 500, - (~809) if interview@&rticipants were not informed
about results of individual genetic analyses. lnépidemiological study in Paper Ili
included patients had provided a written, genevakent that data from their records
could be used in later research projects. Becdnesdata in Paper Ill were treated
anonymously, no further consent was required. Tindyswas approved by the
Regional Research Ethical Committee of Western NMgrilRB # 3 (FWA 00009490,
IRB00001872), the Norwegian Directorate of Healtd &ocial Services and the

Norwegian Data Inspectorate.
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Results

Paper |

Paper | is a clinical case-control study assessoogpational outcome among adults
with ADHD. Clinically diagnosed ADHD patients (n444) and a population-based
control group (n = 359) responded to questionnaatsg past and present symptoms
of ADHD, comorbid conditions, treatment history amdrk status. Twenty-four
percent of the patients reported being in work, garad to 79 % of the controls.
Logistic regression analyses were performed tosagseedictors of being out of work
among the adult ADHD patients. We found that thelomed subtype of ADHD,
substance abuse, and a reported history of depnéaskiety were correlated to being
out of work. Medical treatment, current or pastswasitively correlated to being in
work. Being diagnosed and treated with central w@mis during childhood was the
strongest predictor for being in work as an addR (3.2, p = 0.014), independently of

psychiatric comorbidity, substance abuse and ctitreatment.

Paper Il

Paper Il is a clinical case-control study invediiggthe relationship between ADHD
and Bipolar spectrum disorders (BSD). Clinicallggihhosed ADHD patients (n = 510)
and a population-based control group (n = 417)aeded to questionnaires rating
symptoms of ADHD, psychiatric comorbidity, sociodsgnaphic data, and a screening
guestionnaire for BSD, the Mood Disorder Questiamn@iDQ). A subsample of the
patients was interviewed with a semi-structuredrinew (M.I.N.l Plus) to assess
correlations between self-reported and intervieseldgpsychiatric diagnoses. We
found that 50.6 % of the ADHD patients screenedtpesfor BSD based on the
guestionnaire (MDQ), compared to 8.3 % of the adstin comparison, the
prevalence of BSD according to the DSM-IV basedriiew was 32 %. In the total

study sample (n = 927), an ADHD diagnosis was ttangest predictor for screening
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positive on the MDQ (OR = 5.0, p<0.001), but thereation between dimensional
symptom levels of ADHD and of BSD was strongegtim control group. Patients
screening positive for a BSD had significantly mdreg problems, higher ADHD
symptom scores and lower educational and occugtievels. The findings illustrate

the close relationship between some symptoms of &8DADHD in adults.

Paper Il

Paper Il is an epidemiological, population-baskemlg of pre- and perinatal risk
factors in ADHD. It is the largest study on pregoyand birth complications in
ADHD ever performed, and the only on adults withiAD so far. A patient cohort
consisting of all adult ADHD patients approved fimatment with central stimulants
in Norway between 1997 and 2005 and who were biven 2966 (2323 patients) was
compared with the remaining of the Norwegian agaftulation born in the same time
period, 1967-1987 (1.17 million controls) by datkage with the Medical Birth
Registry of Norway (MBRN). The associations betwpesggnancy- and birth
complications and adult ADHD were calculated andistéd for potential
confounders. We found that preterm and extremedyepm births (<37 and <28 weeks
of gestation) were associated with 1.3- and 5.0-flotreased risks of developing
persistent ADHD, respectively. Similarly, birth \gbis <2500 g and <1500 g were
associated with 1.5- and 2.1-fold increased rigkd, 5 minutes Apgar scores<4 and
<7 with 2.8-and 1.5-fold increased risks of peesistADHD. We also found an
association between maternal epilepsy (RR=1.7)o#fisgring oral cleft (RR=2.8) and
ADHD in the adult offspring.

Paper IV

Paper IV is a translational study investigating ltreg-term effects of an impaired

serotonin synthesis on the developing human bYdestudied the effects of missense
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and nonsense mutations affecting tryptophan hydasey(TPH) enzymes responsible
for serotonin production in maternal reproductigsues (TPH1) and the brain
(TPH2), respectively. Sequencing of the entire TRHA TPH2 genes in 646
Norwegian adults (ADHD patients, their relativesl @ontrol persons) identified 7
different TPH1 coding variants in a total of 38 gmrs. Functional studies showed that
6 of the variants had significantly decreased ereggtivity or stability in vitro
compared to wild type TPH1. Subsequent family basedysis revealed that
individuals born to mothers with TPH1 mutationsaded 1.5- 2.5 times higher
ADHD scores and related symptoms during childhaudl @ adults than controls (p<
10°), or individuals with fathers with the correspamgliTPH1 mutations (p<0.001).
This effect was independent of the children’s oviRHIgenotypes, indicating that
maternal serotonin production has profound longiteehavioural effects on their
offspring. The study illustrates a novel approatmeestigation of the consequences

of genetic polymorphisms in psychiatry.
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Discussion

Methodological considerations

The patient and control samples

A main strength of the present study is the laayae size of ADHD patients and
controls and the fact that they were recruited fedhparts of the country. In the
epidemiological study (Paper IIl) we had access mational cohort of adult ADHD
patients; all adult patients found eligible for €&atment for ADHD, and born after
1966, were included. This patient sample is, aa$ave know, unique in its kind.
Likewise, the control sample in this study is aaal cohort consisting of the rest of
the population born in the same time period. ASMIBRN was established as early as
in 1967 and covers the whole population with corepry notification, it currently
(2010) includes birth data on close to the entihdtgoopulation from 18 to 43 years.
This allowed us to link our patient sample to thegéted age group.

Many different clinicians, who were not connectedrte project, diagnosed the
patients. The possible heterogeneity of the diatinassessment was compensated by
the evaluation by one of the three Expert Comnstt@be studied patients thus
represent a population-based naturalistic clirsed#ting, which is important for the
external validity of the results. In other casetcolstudies of adult ADHD, patients
are often diagnosed and recruited from one or asf@¥cialized centres. Also, more
strict inclusion criteria are often used, for exdengxcluding patients with comorbid
psychiatric disorders or substance abuse. Thesmpaamples may be more
homogeneous and have higher internal validity (uesgc reliability), but the study
results may be less generalizable to other clirgettings, which typically are very

heterogeneous when adult ADHD is concerned.

However, the low awareness of adult ADHD and thatireely stringent referral
system for treatment at the time, have probabljueler] some affected individuals

from being diagnosed, and hence displaced thavweldistribution between cases and
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controls in our population sample. This is confichiyy the low prevalence estimates
of adult ADHD (< 0.2 %) in our sample compared tibes population-based
prevalence estimates. Caution is therefore stiliired before generalizing the results
from Paper Ill to samples including self-referrelliés with milder symptoms not

requiring medical treatment for their ADHD.

In the clinical studies (Papers I, Il, 1V), our aohgathering a naturalistic nation-wide
sample of patients was limited by the relative l@sponse rate among patients invited
to the study. This may have biased our sample. iBecae did not have information
available to directly compare responding and n@poading patients, we do not know
the direction or magnitude of this possible biasmpared to the statistics from the
national cohort of ADHD patients from the Expertrnittee Registry't’, Michael
Lensing, personal communication), the patientanglto participate in our study were
older (62 % versus 42 % over 30 years) and moenaofiomen (48 % versus 29 %).
The nature of the disorder itself (poor sustaingehéion, disorganization and
procrastination) may have affected the respongeafgpatients by reducing their
ability to fill in and return the questionnaireiefmost severely affected and
dysfunctional patients could therefore be overregméed in the non-responders group.
In that case the effects related to the ADHD pé#tiemthis study would be
underestimated. It may also be that patients vetief symptoms and problems were
less motivated to participate in the study thamepés with more symptoms, in which
case the effects would be overestimated. It rendiffisult to compare this to other
clinical studies, since response rates are ofigrg in sample descriptions.
Interestingly, the response rate among the conimasir study was very similar to that
of the patients. The low response rate of the @avdtontrols may be due to
characteristics of our project. People could be ieterested in ADHD compared to
other disorders, such as cancer or cardiovascideaske, which may affect them later
in life. Furthermore, people may have higher thodt for participating in studies

where DNA is required.
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Reported measures

Self-report questionnaires

The clinical information on symptom profiles andwarbidity (Papers I, II, IV) was
mainly based on self-report questionnaires. Wendichave information about the
time of diagnosis for each patient. We could therehot assess how the time of
diagnosis may have influenced the symptom severpgrted at the time of inclusion
into the study (information bias), or the intenesparticipating (selection bias). Most
of the patients in our sample had been treated @&hand most of them with good
response. However, data on the course of treatvwenat too crude to allow for
analyses on how the treatment affected ADHD symptdrhis may have biased our
data towards lower current symptom scores (ASRSngnpatients, and may thus
explain the relatively large proportions of patgimt our study with sub-threshold
scores on the ASRS at inclusion. Furthermore, étrespective nature of some of the
guestions entails the problem of recall bias. Ineate recall could result in lower or
more negative scores, whereas biased recall daggritoution (e.g. increased relative
awareness of ADHD-related symptoms in childhoodrdiaving been diagnosed with
ADHD in adulthood) could yield higher or more postscores among patients
relative to controls. Data on childhood treatmeas\wlso based on self-report in this
study (Paper I), but we expect that this informatiould be less influenced by recall
bias. However, the finding that treatment in chddd is positively correlated to being
in work as an adult should ideally be verifiedangd-term, prospective, controlled
studies. Methodological challenges- both ethical practical- complicate the
feasibility of such studies. Therefore, more opaelled, observational studies are
needed to explore this important finding and otredictors for long-term outcome of

treatment of childhood mental disordéfs

The questionnaires have not influenced the diagnskttus of patients, since the
diagnosis of ADHD/Hyperkinetic disorder was reqditeefore inclusion and
confirmed on a separate form by the patient’'s do€@ther lifetime diagnosed

disorders were, however, reported by the parti¢gpptremselves, by responding ‘yes’
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or ‘no’ to questions like: “Do you have, or haveuyever had, bipolar disorder?”. The
gold standard for diagnostic assessment of psyahdisorders is the clinical
interview performed by an experienced cliniciand @sychiatric disorders should
never be diagnosed exclusively by self-report qoesaires. Assessment by interview
is, however, still influenced by the personal judhgat of the clinician in the decision
of whether symptoms and impairment criteria arélfedi **°. Self-reported disorders
and problems may be valuable in reflecting thegpdsi problems as they would be
encountered in a clinical setting. The prevalerfcget-reported comorbid psychiatric
disorders and problems in the present study wargacable (often higher), to other
clinical samples of adults with ADHE**%**¥” The trend towards higher prevalence
rates found in our study may be due the less sinhgature of self-reported
diagnoses, or it may be due to a selection biasiopatients towards a more severely
affected and /or less homogeneously defined sarmpke self-report findings were
however satisfactorily correlated to standard ldohdiagnostic assessment in the

interviewed subsample of patients (Paper II).

Registry based measures

In the epidemiological study (Paper IIl), data wexéracted from population-based
registries, with the Medical Birth Registry of Naawas the main source. Based on
compulsory notification, this registry has collettaformation on all births, live and
still, from 16 weeks’ gestation since 1967. A stlized notification form collects
data on demographic variables, maternal healthréefiod during pregnancy,
complications during pregnancy and delivery, arejpancy outcomes which include
vital status of the newborn and congenital anoredfte=e Appendix). The midwife
and/or the physician attending the birth are resjtde for completing the notification

form.

In Norway, all live births are also notified to tBDerectorate of taxes in a parallel civil
system for registration of births. The nationalntigcation number of the newborn is

generated and a new record is established in theal®opulation Registry. All
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records of the MBRN are routinely matched to thoflséhe Central Population
Registry, with mutual updating of files. Birthstime Central Population Registry that
are not notified to the MBRN are actively souglnfrdelivery units, ensuring
complete medical notification of all live born imits in the country. Selection bias of

controls is therefore not a likely problem in tetady (Paper 1l1).

The quality of the different variables of interesthis study varied. Birth weight is
known to have good quality with little missing dé&@a2 % in the inclusion period of
the present study, K.K. Melve, personal communicgtiGestational age was based
on the mother’s reported last menstrual period,istktcilown to be less accurate.
Ultrasound based gestational age is not reportéteiMBRN before 1998. Due to the
uncertainty of menstrual dates, we validated gestalt age by calculating birth weight
Z-scores for each gestational we&k Births with Z-scores greater than 4.0 were
excluded when analysing gestational age due tomtkelassification. In the time
period of this study, 5.3% of the births in the MBRRad missing values for

gestational age, and 0.4% was misclassified.

Information about Apgar scores has not yet beemddly validated in the MBRN.

They are available only from 1978, and could thamehot be studied for the whole
sample. Most of our patients were, however, borthénlatest part of the studied time-
period, and, hence included in the analyses on Apgares. Preliminary validation
data on maternal epilepsy has so far shown satisfaesults (personal
communication, |. Borthen). Whereas certain anogsakuch as heart defects, were
underreported in the first time period of the MBRal clefts have shown satisfactory

ascertainment during the entire Registry petfdd

Differential information bias between cases andrads may have occurred for those
variables that are self-reported. For example,ntspd menstrual dates by mothers of
ADHD patients were generally more uncertain tharotber mothers. Although it was
not possible to verify the presence and directiothese potential information biases,

we believe that, in general, they have most likehd to underestimation of effects.
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Association does not necessarily imply causalitymdasured and unknown factors
may be associated to both the exposure and outear@bles in a way that would
alter the found association if they were accoufbdedh the analyses. The roles of
confounders relevant for the present study are ioeed in the Discussion of the main

findings.

Translational research - the value of combining different

methodological approaches

Large scale epidemiological studies are invaluabfgoviding evidence for
associations and generating new hypotheses alstfugtors for diseases. Other
approaches like experimental animal studies, octfanal molecular studies will often
be necessary to elucidate pathogenetic mechanisinha exact relation between
putative risk factors and disease. However, asaresanethodologies evolve and
become more specialized, it becomes increasingiferiging to communicate across
disciplines. An overriding aim of the main projé&DHD in adults: from clinical
characterization to molecular mechanism” was tdyagpnulti-disciplinary approach,
I.e. combining people and their competences frdferdint research areas, in the
common focus of investigating clinical and pathagblpgical aspects of adult
ADHD.

Despite massive efforts and rapid advances in tdobies, the search for
susceptibility genes for ADHD- and most other coemptrait disorders- has so far not
succeeded in explaining the bulk of observed Haility of the disorder (see
Introduction). This “missing heritability”, and neapproaches to uncover the
underlying genetic architecture of complex diseagisgsresently being hotly debated
19 Nearly all published molecular genetic assooiasitudies on mental disorders are
based on studies of common genetic markers, mdkeat with no apparent
functional role; i.e. they rely on indirect assdicas between test markers and an

unknown disease variant in its chromosomal vicirlithas recently been proposed
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that the accumulated effects of many different vamgants may confer a stronger risk
to common, complex trait disorderf$%2 These rare variants may be difficult to
detect, but when detected, they may be more inflvenan establishing a plausible
causal association between genetic variants andiiegpfunction related to the
disorder. Furthermore, most genetic studies of paygc disorders focus on a single
diagnosis or a limited number of symptoms, althodtecomes increasingly
recognized that susceptibility genes may have meneral effects on brain function
and be involved in different clinical syndromesdly, and importantly, the typical
mode of inheritance investigated in genetic stydieshow DNA variants segregate
with phenotypes, may not be the only model accogrfor disease susceptibility, but
other models of disease susceptibility and transionisare generally not accounted for

in genetic studies.

Our study on the effects of maternal serotoninymitsetic capacity and offspring
behaviour (Paper IV) is unusual in many aspecid,ilustrates an alternative
approach to identify susceptibility genes, and patéchanisms. Here we attempted to
detect and functionally characterize all gene vasiawhich could have a direct effect
on the protein level (i.e. of TPH). We thus studmeany different mutations within the
gene, with individual allele frequencies of approately 0.1 %, most of which had an
impact on the enzyme function using in vitro ass@tyshe phenotype approach, we
collected information on various symptoms and pgotd, including dimensional
measures on both ADHD and mood disorders. Thisvaltbus to detect possible
effects on brain development that were not limttedpecific diagnostic entities.
Finally, the main model examined in Paper IV wasttlansmission of a trait based on
maternal genotype irrespective of the individué&bfspring’s) own genotype.
Although transgenerational effects on behaviouehasen robustly demonstrated in
animal models, molecular studies in human mensarders have been sparse. Parent-
of-origin effects have, however, recently been higtted as interesting approaches to

pursue in order to reveal the genetic architeadfimmplex disorder§™

Together, the integration of clinical, genetic andlecular approaches in Paper IV,

allowed us to formulate specific pathophysiologitgbotheses that have hardly been
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addressed in previous studies. However, considésngoderate sample size and still
limited availability of clinical data, the studysal illustrates some of the challenges of

human behavioural genetics.

The different methods and sample selections usegsthe papers in this thesis also
give an advantage in elucidating the posed reseprestions. For example, in the
investigation of pre- and perinatal risk factor@erin ADHD, Paper Il provides
evidence of an association between disturbed foetalopment and ADHD. The data
does, however, not allow causal conclusions to &denabout pathogenetic
mechanisms®. Paper IV indicates that one such mechanism doailshediated by
impaired serotonin production in the early intraime environment®. In the
investigation of the relation between ADHD and othgychiatric symptoms and
problems, the results in Paper Il showed that thpnty of our adult ADHD patients
had co-existent affective symptoms and that thebooation of ADHD symptoms and
a high load of affective symptoms increased theafseported drug problems and
other impairment (Paper 1). In Paper IV, we founattreduced serotonin production in
embryonic development may be a causal factor isrthenotype, since symptoms of
ADHD, bipolar disorder and impulsive drug relatezhbviour were all increased in
offspring to mothers with TPH1 mutations. Togetlzard by different means, these
studies thus contribute to more coherent knowledgeit a clinically important group
of adult ADHD patients.

Discussion of the main findings

Functional impairment in adult ADHD

The ongoing debate about ADHD either being a distiisorder or just a normal
variant of human behaviour is partly due to the-spacificity of symptoms of
ADHD, in which most people will recognize themseldeom time to time. The

threshold for getting a diagnosis of ADHD is, howewdependent on the chronicity of
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symptoms over time arttie impairment caused by these symptoms in several
important aspects of life, such as school, worterpersonal relations etc. We found
that only 24 % of the adults with ADHD in our stu@igean age 34 years) were
employed at the time of inclusion in the study. Abbalf of the patients were
receiving a disability pension or were under rehiation. Although ADHD is known
to be associated with lower socio-economic statalsemlucational level than controls,
the proportion being out of work was surprisinglgthcompared to results from other
(few) existing studies on the togit In their follow-up study of hyperactive boys
(average 7 years), Manuzza et al. found that ahras®0 % of the 85 probands were
gainfully employed as adults (average 24 yelfs)n a large cross-sectional study of
clinically referred adults, 73 % of adults diagnbsgth ADHD were currently
employed, not differing statistically from conts#mples®. There may be several
reasons for this. First, as discussed earlierp#tients in our study may represent a
more severely affected group compared to other Eesngb adults with ADHD.

Indeed, the patients recruited to the present siwglyepresenting the period of the
mandatory referral to the expert committees, waseg group, less often in work than
patients recruited later (after 2007), both in material (24 % versus 41%), and as
confirmed by other studi€s. Second, national differences in societal strectnay
account for some of the difference. The welfardesysan Norway is quite developed
and may provide for people who in other countriesild be engaged in some kind of
work although struggling, underachieving or notdiioning properly, for example
frequently changing jobs.

The combined subtype of ADHD was associated witvelooccupational outcome in
our study. This group also had higher frequenciegsmorted alcohol and drug
problems, comorbid affective disorders and treatrf@mmother psychiatric disorders.
This finding is consistent with other studies rejpay that the combined subtype is

associated with the poorest outcome among adultssADHD *°71%

The finding that treatment, particularly treatmenthildhood, was strongly associated
with an increased probability of being in work imuéthood (Paper 1) is an important
finding that has not been clearly shown beforeldvelp studies of children with

ADHD have rather found that treatment was assatmaith a more negative outcome,
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although this was probably due to the confoundiifgceof increased symptom
severity in children who received treatmé&fit It has, however, been shown that
treatment with CS may be protective against laibstance abugé, which is in line
with our findings. Although educational and occumasl levels were highly
correlated in our study, treatment in childhood i seem to significantly affect the
educational level attained. Symptom severity indttdod was the main risk factor of
having the lowest level of education. This may beduse adults with ADHD who
were not recognized in childhood have been abt®topensate their lower
functioning until the demands of self-organizing arcreased, or the external

supporting structure decreased, as discussedrearlie

ADHD and bipolar disorder- comorbidity or shared phenotypes?

Comorbidity simply refers to the presence of twormre disorders occurring together.
In somatic medicine, comorbidity usually refersvm or more distinct diseases (i.e.
clinical entities with a known etiology or pathogsrs) being present together at the
same timé®. In psychiatry, where the term disorder is usesl @linical entities
without a known etiology or pathogenesis), the reatf this co-occurrence may,
however, range from independent disorders occutdggther by chance, to co-
occurrence of disorders sharing some common oeleded underlying etiology, or it
may simply represent an artefact of overlappingnphges?®°?* Disorders
succeeding each other in time, i.e. lifetime contbty, may include situations in
which the presence of one disorder is a risk factothe other, or the two disorders
may represent different developmental expressibascommon underlying

vulnerability?°2

The relationship between ADHD and bipolar disorderot fully understood. One
reason why this relation is difficult to investigas the lack of a uniform
understanding of the two disorders’ phenotypesde\aelopmental perspective.

Parallel to the case of ADHD in adults, criteria Ibgpolar disorder are not adapted to
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the juvenile or childhood onset form of bipolaratider. Another reason is that the
core symptom of BD - mood dysregulation- is alsd pathe common adjuvant
symptoms of ADHD (see Introduction). These symptomay be distinguished
guantitatively, i.e. by periodicity and durationrabod swings, and to some extent also
qualitatively, i.e. irritability versus hot temp@till, the clinician is given room in his
or her interpretation and decision-making abouttiviethe mood symptoms in this
particular individual seem more bipolar-like or ADHike. We thus applied a
commonly used screening tool for bipolar disordébQ) in our study, without

telling the participants what they were screenedAccording to standard cut-offs for
this questionnaire (MDQ-positive) half of our ADHiatients (50.6 %) screened
positive for a BSD compared to 12 % reporting avkmdipolar disorder in the same
sample. Using a broader cut-off (MDQ7positive), entiran 70 % of the patients
screened positive on the MDQ. This gap betweempitbsence of symptoms of BD and
of diagnosed BD illustrates two important pointsst symptoms of bipolar disorder
are highly frequent in adults with ADHD, while aadgnosis of BD not necessarily is.
Second, the prevalence of BD diagnosis is highpeddent on the subtype or
definition of BD being used. Although this may selgical, the clinical
consequences may be difficult to follow and mayestebon the clinician’s viewpoint
or experience in diagnosing the two disorders. sitp@ screen on a questionnaire
should never be sufficient to make a diagnosisshatld be confirmed or
disapproved by a comprehensive patient interviestARHD is not included in
standard interviews of psychopathology for ad@tdiagnosis of ADHD, which we
have shown is a strong predictor for screeningtipesy for BD, will not be confirmed
unless it is thought of a priori by the clinicidrhe large variations in prescription of
central stimulants between different counties imiay (data from the Norwegian

prescription database available from: http://wweegregisteret.npand between

different states in the USR®indicate that traditions and attitudes in diagngsind

treating ADHD still may play a role in defining tldesorder.

Comorbidity studies have found very varying prexaakof BD among adult ADHD
patients, from rates around 1 %, i.e. similar ®dleneral populatioff to elevated

rates ranging from 5 to 47 % (for review see Wiegal. 2007%%). The prevalence of
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BD in our interviewed sample varied from 8 to 32@tording to the definition of BD
used, and this illustrates some of the challengessessing the relationship between
the two disorders. ADHD does not seem to be pdatityudifficult to distinguish from
the clearly episodic BD1. However, the recent widgrof the bipolar spectrum
includes more chronic clinical pictures of (briefcurrent depressions, alternating or
co-occurring with elevated or dysphoric mood swjragsl often complicated by
substance abuse. It is this bipolar spectrum befiditi that really challenges the
distinction between ADHD and BD, and also some qeaaity disorders, in particular
borderline personality disorder (see Introductind &aper 11Y°>?% Interestingly,
recent studies have shown that a positive scotbe@MDQ frequently is correlated to

these other psychiatric disorders also in the atesefa diagnosed BEY" %

Another issue emerging from the findings in Pajheslthe question whether the
bipolar-like symptoms should be considered an iahiepart of the ADHD syndrome,
a distinct subtype of ADHD, or co-occurring sympsqualitatively distinct from core
symptoms of ADHD. The fact that most patients hdagh load of symptoms of BD
without having a BD diagnosis indicates that thesueed bipolar symptoms are an
inherent part of the ADHD syndrome and not an adiedf misdiagnosed BD. Also,
the presence of bipolar symptoms is clinically im@ot since it is associated with
more impairment than ADHD without such symptomsisTisin line with other
studies showing that emotional symptoms and probleffect the outcome of ADHD
negatively (more behavioural problems, substancseless capable of working). It
is currently being debated whether emotional Igbghould be included in the formal
diagnostic criteria of ADHD. Because it is the midijg and not a minority of patients
that report such symptoms, we think it is apprdprta consider these symptoms as an

inherent part of the ADHD syndrome in adults.
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The role of pre- and perinatal factors in the etiology of ADHD

Paper Il and IV of this thesis provide evidenceg-didferent means- that pregnancy
and birth related factors are associated with theeldpment of ADHD and related
symptoms and behaviour later in life.

The epidemiological study (Paper Ill) shows an esdmn between various
pregnancy and foetal factors (low birth weight,wgtto restriction, preterm birth, low
Apgar scores, maternal epilepsy in pregnancy) abtlB in adults. Low birth weight
(LBW), as well as other indirect measures of a ptibwal prenatal environment, are
known to increase an individual’s risk for diseastater life?°*?!% Although LBW
has already been shown to be associated with ADHiidren™®*>? our study is the
first to show such an association in adults withbHID This is important added
knowledge to the discussion on developmental aspgDHD since it presently
remains unclear whether ADHD persisting to adulthisocaused by the same factors
as ADHD remitting in childhood or adolescence. @udings that preterm birth is
associated with ADHD in adulthood extend findingsni childhood studieS”.
Further, the association with low Apgar scores supgxperimental and imaging
studies suggesting reduced cerebral blood flowatd life (in particular to the basal

ganglia) as a putative pathogenetic mechanism irlBB"2*2

Systematic reports on maternal smoking are notablaiin the MBRN for births

before 1987. We could therefore not adjust ourlte$or maternal smoking. This
clearly is a limitation in our study, considerirgetlarge amount of literature pointing
to an association between smoking in pregnancy’@idD *°*%** However, recent
studies with innovative designs capable of sepagajenetic and environmental
influences, question the nature of this relatiaiggesting that it may not be causal, but
genetically mediatet!*?** If this is the case, adjusting for maternal smgkivould

not necessarily alter our results.

The associations in our sample between maternigipsyi and ADHD, as well as
between infant oral cleft and ADHD, are new findinghe epidemiological nature of

the study only allows us to speculate about possialisal mechanisms underlying
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these associations. Thus, maternal epilepsy mépkel to ADHD in the offspring
through various pathways; direct effects of hypmtates during epileptic seizures in
pregnancy; a common genetic vulnerability for the tlisorders as in the case of
16p11.2 duplicatio'® or direct (teratogenic) or indirect effects ofisepileptic drugs
on the foetus. The latter may possibly be meditdtiesligh low maternal folate status,
which has recently been shown to be associatedbgitiavioural outcomes in human

offspring, presumably due to an effect on brainetiggment’’.

Likewise, the association found between infant olgfit and ADHD may depend on
common genetic or environmental risk factors affecthe development of both these
apparently different phenotypes. The use of fatid @& pregnancy has recently been

shown to be associated with oral cleft in the affep?'®

. Our epidemiological data
point to foetal growth restriction as a risk factor ADHD, independent of LBW and
preterm birth. Foetal growth restriction may bessliby several factors, both
maternal (placental dysfunction, poor nutritionyg®social stress, smoking in
pregnancy, or altered hormonal status) and inflated (congenital malformations or
genetic syndromes). Animal studies have indicatatigerotonin plays an important
role in embryonic morphogenesis by regulating dewelental processes even before
it starts acting as a neurotransmitter?® including effects on the formation of
craniofacial and palatal structurgs??? Altered serotonin levels in intrauterine life
could thus be linked to both neurobehavioural syimastas in ADHD, and to oral

cleft.

Furthermore, studies of TPH1 knock-out mice havewshthat normal embryonic
development in mice is more dependent on mateemat@nin production than that of
the embryo itselt?’. Paper IV represents a first attempt to replieate explore the
potential relevance of this latter finding in a sdenof humans. Although it was not
possible to study a real knock-out-effect (sind@at TPH1 mutations were
heterozygous), functional studies showed reducegnee function in vitro for nearly
all the studied TPH1 mutations, indicating thabgamin production is impaired in
mutation carriers. We found higher levels of ADHfptoms (both inattentive and

hyperactive/impulsive symptoms), mood symptoms, iemullsive drug related

60



behaviour in adult offspring of mothers with TPHutadions, compared to offspring
of fathers with TPH1 mutations, and a control pagioh without mutation,
independent of the offspring’s genotype. Our figdihus confirm those from the
mice studies by C6té et al. concerning the impadasf maternal serotonin production

for development.

Clinical implications of these findings should indE increased awareness regarding
the use of agents that alter serotonin levels dysnegnancy. At present, TPH-
blocking agents are being developed for use irgasestinal disorders like irritable
bowel syndromé?®®, which is frequently reported among young worffénin view of
our findings, caution should be made before adn@nisy such agents to pregnant

women.

Selective serotonin reuptake inhibitors (SSRI)vaigely used antidepressants, also
among pregnant women, although concern is incrghsiaised regarding their
possible adverse effects on the foéfiisThese effects includes congenital heart
defects?®, pulmonary hypertension, foetal growth restrictidh preterm birtH?"%2

as well as neonatal withdrawal syndrome, and isg@aeed for intensive care in the
newborn child. Animal studies have shown that exp@$o SSRI in utero may
increase depression/anxiety-like traits in the tdifispring, i.e. the “SSRI paradox”
22 possible long-term effects of prenatal exposo®@3RIs on human
neurodevelopment are, however, still uncfé3rbut it has been suggested that
deviations in either direction from optimal seratolevels, during critical periods of

developmental, may produce dramatic and long-lgstiterations in the organisfi.

Recent studies have shown that impaired serotaothystion affects insulin-
production in pregnant mice, suggesting a possiskefactor for gestational diabetes
232 Interestingly, although the difference did nesch statistically significance,
maternal diabetes was more frequent among ADHD emstthan among control
mothers in our epidemiological study (Paper Ilipg€ther, findings from this work
(Paper Il and Paper IV) emphasize that factorsi@nfcing the intrauterine

environment, with impaired serotonin productioroas proposed pathway, may have
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lasting cognitive and behavioural consequencesdiig beyond specific diagnostic

boundaries.
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Conclusions

- Adults with ADHD had lower educational levels ard bower participation in

occupational life compared to the general poputatio

- Among adults with ADHD, a diagnosis and treatmdrADHD in childhood

was associated with an increased probability afidgé work in adulthood.

- ADHD was often comorbid and overlapping with thedutly defined bipolar
spectrum disorders.

- Emotional lability was an important and impairingripof the symptom profile
in a majority of adults with ADHD, and was assoethtvith more severe
ADHD symptoms, more alcohol and substance uselawer occupational

functioning.

- Unfavourable conditions in pregnancy and deliverpressed by low birth
weight, preterm birth, growth restriction and loygder scores were associated
with increased risk of developing ADHD persistingadult life.

- Impaired maternal serotonin production was assediatth an increased risk of
ADHD like symptoms and behaviour in adult offsprimgdependently of
offspring’s own serotonin biosynthetic capacity
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Future perspectives

A main issue ensuing from the work of this thesithe importance of exploring
boundaries between psychiatric diagnoses and the w&using cross-diagnostic
approaches when studying putative risk factorssdases. The developmental
perspective of psychiatric disorders is also adalgssue that should be emphasized in

future research.

The close relationship between ADHD and bipolar gtgms demonstrated in Paper Il
warrants further research. Emotional dysregulasancreasingly recognized as an
inherent and impairing feature of ADHD. These peoh$ are often interpreted as
being qualitatively different from the mood swirtgpical of bipolar disorder, but- as
shown by our work- this difference may be lessrciedhe interface between the
broadly defined bipolar spectrum disorders and ADHRdults, or- as shown by
others- between juvenile bipolar disorder and ADidBhildren®’. A follow-up of the
findings of Paper Il should include assessmeniast pnd current ADHD symptoms in
future studies of bipolar patients, in particuld® B and beyond, to further explore the
interface between these diagnoses. Developmemat&sof the relation between
ADHD and bipolar disorder should ideally be addeelsim long-term, prospective

studies of children followed to adulthood.

As long as the clinical interview remains the gsiandard of ‘well-defined’
psychiatric diagnoses, there will continue to leagreement about the validity of
‘newer’ diagnoses, as well as subthreshold anddvlneé cases. These ‘well-defined’
diagnostic categories may also actually impedearebeaiming at understanding the
pathogenesis of psychiatric disorders. A dimensiapproach to psychiatric
symptoms across formal diagnostic entities may beerfruitful in reflecting the full
spectrum of disorders and yielding information onflarlying risk factors, which do
not necessarily follow the boundaries of curreagdostic categories. This is
illustrated by the findings in Paper 1V, where inipd maternal serotonin production

seems to be associated to a phenotype includingtosgdeficits, mood symptoms
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and impulsive behaviour, rather than to a formagydosis of ADHD. As attempted in
Paper 1V, in the search of genetic causes for AC#D other complex disorders, there
should be more emphasis on functional studies t#tpe genes of interest, in order to
move from associative to causative relationshigsthaos to advance the

understanding of the etiology of the disorder.

In our epidemiological study on pre- and perinatlt factors (Paper Ill) we did not
have access to symptom profiles and comorbid deggmtor the whole patient cohort
that was studied. We have, however, initiated dystin our clinically recruited patient
sample, to investigate if the associations founith wig. low birth weight and maternal
epilepsy are specific to subgroups of ADHD patigeatg. the predominantly
inattentive subtype. This may guide us towards mspegific pathogenetic
explanations between risk factors and diseaseewa@idtually influence psychiatric
diagnostic classification towards a more etiololjycbased understanding. We are
also planning an epidemiological study within thernMegian Medical Birth Registry
comparing a national cohort of children versus tdwith ADHD to investigate more
directly possible differences in pre- and perinath factors for ADHD across the

life-span.

Finally, and related to Paper I, | would like to@masize the importance of assessing
the functional impairment of disorders, and of gtaod how treatment and other
interventions influence functional rather than psyeptomatic aspects. Obviously,
more long-term studies from naturalistic/observaicsettings are needed to assess the
real efficiency- not only short-term effects- afddatment and the role of early

interventions in ADHD and other mental disordershiidhood®®,

65



References

1. Crichton A. An inquiry into the nature and origihroental derangement: on attention
and its diseased.Atten Disord2008; 12(3): 200-204; discussion 205-206.

2. Still GF. Some Abnormal Psychical Condition<inildren.The Lancet1902, pp.
1008-1012, 1077-1082, 1163-1168.

3. Levy S. Post-encephalitic behavior disordegrgdtten entity: a report of 100 cases.
Am J Psychiatry1959; 115(12): 1062-1067.

4. Barkley R Attention-Deficit Hyperactivity Disorder. A handbofor diagnosis and
treatment, third edn. Guilford press: New York, 2006.

5. Laufer MW, Denhoff E. Hyperkinetic behavior syaohe in childrenJ Pediatr1957;
50(4): 463-474.

6. Diagnostic and Statistical Manual of Mental Disorsle Text revisedFourth edn.
American Psychiatric Association: Washington DQ)@0

7. World Health Organization e. The ICD-10 classifion of mental and behavioural
disorders. 2003.

8. Polanczyk G, de Lima MS, Horta BL, BiedermaRdhde LA. The worldwide
prevalence of ADHD: a systematic review and metaggjon analysifAm J
Psychiatry2007; 164(6): 942-948.

9. Faraone SV, Sergeant J, Gillberg C, Biedermdig.worldwide prevalence of
ADHD: is it an American condition®/orld Psychiatry2003; 2(2): 104-113.

10. Heiervang E, Stormark KM, Lundervold AJ, Heimav, Goodman R, Posserud MB,
Ullebo AK, Plessen KJ, Bjelland I, Lie SA, Gillbe@ Psychiatric disorders in
Norwegian 8- to 10-year-olds: an epidemiological/ey of prevalence, risk factors,
and service usd. Am Acad Child Adolesc Psychia907; 46(4): 438-447.

11. Ramtekkar UP, Reiersen AM, Todorov AA, Todd F8x and age differences in
attention-deficit/hyperactivity disorder symptommslaliagnoses: implications for
DSM-V and ICD-11.J Am Acad Child Adolesc Psychia2910; 49(3): 217-228.

12. Lahey BB, Pelham WE, Chronis A, Massetti G,[Kkb, Ehrhardt A, Lee SS.
Predictive validity of ICD-10 hyperkinetic disordesiative to DSM-IV attention-
deficit/hyperactivity disorder among younger chddrJ Child Psychol Psychiatry
2006; 47(5): 472-479.

13. Schachar R, Chen S, Crosbie J, Goos L, Ickowj&2harach A. Comparison of the

predictive validity of hyperkinetic disorder andeattion deficit hyperactivity disorder.
J Can Acad Child Adolesc Psychia2907; 16(2): 90-100.

66



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Diagnostic and Statistical Manual of Mental DisorsleFirst edn. American
Psychiatric Association: Washington DC, 1952.

Hill JC, Schoener EP. Age-dependent decliretehtion deficit hyperactivity
disorderAm J Psychiatry1996; 153(9): 1143-1146.

Barkley R, Murphy KR, Fischer M\DHD in Adults: What the Science Sayst edn.
The Guilford Press, 2007.

Faraone SV, Biederman J, Mick E. The age-deg@rdecline of attention deficit
hyperactivity disorder: a meta-analysis of follow-studiesPsychol Med2006; 36(2):
159-165.

Simon V, Czobor P, Balint S, Meszaros A, Bittd?revalence and correlates of adult
attention-deficit hyperactivity disorder: meta-aysas. Br J Psychiatry2009; 194(3):
204-211.

Kessler RC, Adler L, Barkley R, Biederman Jn@e&rs CK, Demler O, Faraone SV,
Greenhill LL, Howes MJ, Secnik K, Spencer T, UstiB) Walters EE, Zaslavsky
AM. The prevalence and correlates of adult ADHDhe United States: results from
the National Comorbidity Survey Replicatiokm J Psychiatr2006; 163(4): 716-
723.

Fayyad J, De Graaf R, Kessler R, Alonso J, Angger M, Demyttenaere K, De
Girolamo G, Haro JM, Karam EG, Lara C, Lepine JEn@ J, Posada-Villa J,
Zaslavsky AM, Jin R. Cross-national prevalence eordelates of adult attention-
deficit hyperactivity disordeBr J Psychiatry2007; 190: 402-409.

Lahey BB, Applegate B, McBurnett K, Biedermadeenhill L, Hynd GW, Barkley
RA, Newcorn J, Jensen P, Richters J, et al. DSMidM trials for attention deficit
hyperactivity disorder in children and adolesceAts.J Psychiatryt994; 151(11):
1673-1685.

Biederman J, Mick E, Faraone SV. Age-dependedline of symptoms of attention
deficit hyperactivity disorder: impact of remissidafinition and symptom typé&m J
Psychiatry2000; 157(5): 816-818.

Millstein RB, Wilens TE, Biederman J, Spencér Fresenting ADHD symptoms and
subtypes in clinically referred adults with ADHIburnal of Attention Disorders
1997; 2(3): 159-166.

Weiss M, Hectman LT, Weiss GDHD in Adulthood. A Guide to Current Theory,
Diagnosis, and Treatmenthe John Hopkins Univeristy Press, 2001.

Barkley RA, Fischer M. The unique contributmiremotional impulsiveness to

impairment in major life activities in hyperactiehildren as adultsl Am Acad Child
Adolesc Psychiatr2010; 49(5): 503-513.

67



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wender PH, Reimherr FW, Wood DR. Attention défiisorder (‘'minimal brain
dysfunction’) in adults. A replication study of dresis and drug treatmewttcch Gen
Psychiatry1981; 38(4): 449-456.

Ward MF, Wender PH, Reimherr FW. The WendehWRating Scale: an aid in the
retrospective diagnosis of childhood attentionatfyperactivity disorderAm J
Psychiatry1993; 150(6): 885-890.

McGough JJ, Barkley RA. Diagnostic controvessieadult attention deficit
hyperactivity disorderAm J Psychiatry2004; 161(11): 1948-1956.

Sobanski E, Banaschewski T, Asherson P, BartdlaChen W, Franke B, Holtmann
M, Krumm B, Sergeant J, Sonuga-Barke E, Stringariaylor E, Anney R, Ebstein
RP, Gill M, Miranda A, Mulas F, Oades RD, RoeyerRdthenberger A, Steinhausen
HC, Faraone SV. Emotional lability in children aadblescents with attention
deficit/hyperactivity disorder (ADHD): clinical coelates and familial prevalence.
Child Psychol Psychiatr2010; 51(8): 915-923.

Wilens TE, Biederman J, Wozniak J, Gunaward&n&'ong J, Monuteaux M. Can
adults with attention-deficit/hyperactivity disordee distinguished from those with
comorbid bipolar disorder? Findings from a samleliaically referred adultsBiol
Psychiatry2003; 54(1): 1-8.

Hazell PL, Carr V, Lewin TJ, Sly K. Manic syropts in young males with ADHD
predict functioning but not diagnosis after 6 yedr&m Acad Child Adolesc
Psychiatry2003; 42(5): 552-560.

Biederman J, Makris N, Valera EM, Monuteaux NBo)dstein JM, Buka S, Boriel
DL, Bandyopadhyay S, Kennedy DN, Caviness VS, BasAleardi M, Hammerness
P, Faraone SV, Seidman LJ. Towards further undetstg of the co-morbidity
between attention deficit hyperactivity disorded drpolar disorder: a MRI study of
brain volumesPsychol Med2008; 38(7): 1045-1056.

Dilsaver SC, Henderson-Fuller S, Akiskal HSc@tmood disorders in 104
consecutively presenting children referred forttleatment of attention-
deficit/hyperactivity disorder in a community mertaalth clinic.J Clin Psychiatry
2003; 64(10): 1170-1176.

Reimherr FW, Marchant BK, Strong RE, Hedges P\er L, Spencer TJ, West SA,
Soni P. Emotional dysregulation in adult ADHD aedponse to atomoxetingiol
Psychiatry2005; 58(2): 125-131.

Skirrow C, McLoughlin G, Kuntsi J, AshersonBehavioral, neurocognitive and
treatment overlap between attention-deficit/hypiveg disorder and mood
instability. Expert Rev Neurothe&2009; 9(4): 489-503.

Sobanski E, Bruggemann D, Alm B, Kern S, Desciivh, Schubert T, Philipsen A,
Rietschel M. Psychiatric comorbidity and functiomapairment in a clinically
referred sample of adults with attention-deficipgbyactivity disorder (ADHD)Eur
Arch Psychiatry Clin Neuros@007; 257(7): 371-377.

68



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

McGough JJ, Smalley SL, McCracken JT, Yang Kl,;Hlomme M, Lynn DE, Loo S.
Psychiatric comorbidity in adult attention defibitperactivity disorder: findings from
multiplex families.Am J Psychiatr2005; 162(9): 1621-1627.

Jacob CP, Romanos J, Dempfle A, Heine M, WindbrKieselbach C, Kruse A, Reif
A, Walitza S, Romanos M, Strobel A, Brocke B, Seinadd, Schmidtke A, Boning J,
Lesch KP. Co-morbidity of adult attention-deficigfieractivity disorder with focus on
personality traits and related disorders in adeytreferral centei=ur Arch Psychiatry
Clin Neurosci2007; 257(6): 309-317.

Biederman J, Monuteaux MC, Mick E, Spencer TleW¢ TE, Silva JM, Snyder LE,
Faraone SV. Young adult outcome of attention deffigperactivity disorder: a
controlled 10-year follow-up studi2sychol Med®006; 36(2): 167-179.

Faraone SV, Perlis RH, Doyle AE, Smoller JWrdBack JJ, Holmgren MA, Sklar P.
Molecular genetics of attention-deficit/hyperadiwilisorder Biol Psychiatry2005;
57(11): 1313-1323.

Smoller JW, Finn CT. Family, twin, and adoptsindies of bipolar disordeAm J
Med Genet C Semin Med Ge2603; 123(1): 48-58.

McGuffin P, Rijsdijk F, Andrew M, Sham P, Kd&z Cardno A. The heritability of
bipolar affective disorder and the genetic relatdp to unipolar depressioArch
Gen Psychiatr2003; 60(5): 497-502.

Friedrichs B, Igl W, Larsson H, Larsson JO. isteng Psychiatric Problems and
Stressful Life Events in Adults With Symptoms of AD--A Large Swedish
Population-Based Study of TwinsAtten Disord2010 (Epub ahead of print).

Biederman J, Faraone SV, Spencer T, Wilensofinidn D, Lapey KA, Mick E,
Lehman BK, Doyle A. Patterns of psychiatric comdityi, cognition, and
psychosocial functioning in adults with attenticefidit hyperactivity disorderAm J
Psychiatry1993; 150(12): 1792-1798.

Merikangas KR, Akiskal HS, Angst J, Greenbelg Rirschfeld RM, Petukhova M,
Kessler RC. Lifetime and 12-month prevalence obla@pspectrum disorder in the
National Comorbidity Survey replicatioArch Gen Psychiatr007; 64(5): 543-552.

Merikangas KR, Herrell R, Swendsen J, RossleAMacic-Gross V, Angst J.
Specificity of bipolar spectrum conditions in thenworbidity of mood and substance
use disorders: results from the Zurich cohort stédgh Gen Psychiatr008; 65(1):
47-52.

Wilens TE. The nature of the relationship betmvattention-deficit/hyperactivity
disorder and substance udeClin Psychiatry2007; 68 Suppl 11: 4-8.

Grant BF, Stinson FS, Hasin DS, Dawson DA, CBBuRuan WJ, Huang B.
Prevalence, correlates, and comorbidity of bipbtisorder and axis | and Il

69



49.

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

disorders: results from the National Epidemioldgizvey on Alcohol and Related
Conditions.J Clin Psychiatry2005; 66(10): 1205-1215.

Lagerberg TV, Andreassen OA, Ringen PA, Berg B&sson S, Agartz |, Sundet K,
Melle I. Excessive substance use in bipolar disoiglassociated with impaired
functioning rather than clinical characteristicglescriptive studyBMC Psychiatry
2010; 10: 9.

Mcintyre RS, Soczynska JK, Bottas A, BordbaKknarski JZ, Kennedy SH.
Anxiety disorders and bipolar disorder: a revi@ipolar Disord2006; 8(6): 665-676.

Fones CS, Pollack MH, Susswein L, Otto M. Higtf childhood attention deficit
hyperactivity disorder (ADHD) features among adultth panic disorderd Affect
Disord 2000; 58(2): 99-106.

Schatz DB, Rostain AL. ADHD with comorbid artyiea review of the current
literature.J Atten Disord2006; 10(2): 141-149.

Akiskal HS, Akiskal KK, Lancrenon S, Hantoudd@&, Fraud JP, Gury C, Allilaire JF.
Validating the bipolar spectrum in the French NadiloEPIDEP Study: overview of
the phenomenology and relative prevalence of itscell prototypesJ Affect Disord
2006; 96(3): 197-205.

Angst J, Gamma A, Benazzi F, Ajdacic V, EichRdssler W. Toward a re-definition
of subthreshold bipolarity: epidemiology and progubsriteria for bipolar-II, minor
bipolar disorders and hypomanieAffect Disord2003; 73(1-2): 133-146.

Akiskal HS, Maser JD, Zeller PJ, Endicott Jry@d W, Keller M, Warshaw M,
Clayton P, Goodwin F. Switching from 'unipolartipolar Il. An 11-year prospective
study of clinical and temperamental predictors58 patientsArch Gen Psychiatry
1995; 52(2): 114-123.

Carlson GA. Mania and ADHD: comorbidity or cosibbn.J Affect Disordl998;
51(2): 177-187.

Carlson GA, Meyer SE. Phenomenology and diagradsipolar disorder in children,
adolescents, and adults: complexities and develofahissuesDev Psychopathol
2006; 18(4): 939-969.

Biederman J, Mick E, Faraone SV, Spencer TeRgilTE, Wozniak J. Pediatric
mania: a developmental subtype of bipolar disor@@oPPsychiatry2000; 48(6): 458-
466.

Wilens TE. Attention-deficit/hyperactivity dister and the substance use disorders:
the nature of the relationship, subtypes at rigll, taeatment issueBsychiatr Clin
North Am2004; 27(2): 283-301.

Nylander L, Holmqgvist M, Gustafson L, Gillbe@y ADHD in adult psychiatry.
Minimum rates and clinical presentation in genesichiatry outpatient®Nord J
Psychiatry2009; 63(1) 64-71.

70



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Torgersen T, Gjervan B, Rasmussen K. ADHD tada study of clinical
characteristics, impairment and comorbidityprd J Psychiatry2006; 60(1): 38-43.

Biederman J, Wilens T, Mick E, Faraone SV, WalieCurtis S, Thornell A, Pfister
K, Jetton JG, Soriano J. Is ADHD a risk factor psychoactive substance use
disorders? Findings from a four-year prospectivi®voup study.J Am Acad Child
Adolesc Psychiatr§997; 36(1): 21-29.

Mannuzza S, Klein RG, Moulton JL, 3rd. Lifetim@minality among boys with
attention deficit hyperactivity disorder: a prosipee follow-up study into adulthood
using official arrest record®sychiatry Re2008; 160(3): 237-246.

Satterfield JH, Schell A. A prospective studyrygperactive boys with conduct
problems and normal boys: adolescent and adulireairty. J Am Acad Child Adolesc
Psychiatry1997; 36(12): 1726-1735.

Wilens TE, Faraone SV, Biederman J, Gunawar@eoes stimulant therapy of
attention-deficit/hyperactivity disorder beget lasebstance abuse? A meta-analytic
review of the literaturePediatrics2003; 111(1): 179-185.

Cumyn L, French L, Hechtman L. Comorbidity dulis with attention-deficit
hyperactivity disorderCan J Psychiatry2009; 54(10): 673-683.

Jarrett MA, Ollendick TH. A conceptual reviewtioe comorbidity of attention-
deficit/hyperactivity disorder and anxiety: implians for future research and
practice Clin Psychol Re008; 28(7): 1266-1280.

Pliszka SR. Effect of anxiety on cognition, &elbr, and stimulant response in
ADHD. J Am Acad Child Adolesc Psychiatt989; 28(6): 882-887.

Johnson S, Hollis C, Kochhar P, Hennessy EkK&/Dl, Marlow N. Psychiatric
disorders in extremely preterm children: longitudifinding at age 11 years in the
EPICure studyd Am Acad Child Adolesc Psychia2910; 49(5): 453-463.

Weiss M, Hechtman L, Weiss BDHD in Adulthood. A guide to current theory,
Diagnosis, and Treatmenthe John Hopkins University Press, 2001.

Simon NM, Smoller JW, Fava M, Sachs G, Rac@RePerlis R, Sonawalla S,
Rosenbaum JF. Comparing anxiety disorders and tgreakated traits in bipolar
disorder and unipolar depressidrPsychiatr Re2003; 37(3): 187-192.

Jacob CP, Nguyen TT, Dempfle A, Heine M, WindémKieselbach C, Baumann K,
Jacob F, Prechtl J, Wittlich M, Herrmann MJ, Grassch S, Lesch KP, Reif A. A
gene-environment investigation on personality ¢raittwo independent clinical sets
of adult patients with personality disorder ane@iatibn deficit/hyperactive disorder.
Eur Arch Psychiatry Clin Neuros@010; 260(4): 317-326.

71



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Miller CJ, Flory JD, Miller SR, Harty SC, NeweonJH, Halperin JM. Childhood
attention-deficit/hyperactivity disorder and theergence of personality disorders in
adolescence: a prospective follow-up stutllin Psychiatry2008; 69(9): 1477-1484.

Reimherr FW, Marchant BK, Williams ED, Strong,RHalls C, Soni P. Personality
disorders in ADHD Part 3: Personality disorder,iglbadjustment, and their relation
to dimensions of adult ADHDANN Clin Psychiatry2010; 22(2): 103-112.

Dowson JH. Characteristics of adults with aitendeficit/hyperactivity disorder and
past conduct disordefcta Psychiatr Scang008; 117(4): 299-305.

Philipsen A, Limberger MF, Lieb K, Feige B, Kidienst N, Ebner-Priemer U, Barth
J, Schmahl C, Bohus M. Attention-deficit hyperaityidisorder as a potentially
aggravating factor in borderline personality dissr@r J Psychiatry2008; 192(2):
118-123.

Attention deficit hyperactivity disorder. Diaggis and management of ADHD in
children, young people and adults. National In&ifor Health and Clinical
Excellence, 2008.

Veileder i diagnostikk og behandling av AD/HDiagnostikk og behandling av
hyperkintisk forstyrrelse/attention deficit hypetiaity disorder (AD/HD) hos barn,
ungdom og voksne. Sosial- og helsedirektoratet7 200

Safren SA. Cognitive-behavioral approaches@HB treatment in adulthood. Clin
Psychiatry2006; 67 Suppl 8: 46-50.

Safren SA, Sprich S, Mimiaga MJ, Surman C, Keol, Groves M, Otto MW.
Cognitive behavioral therapy vs relaxation with emtional support for medication-
treated adults with ADHD and persistent symptomsiralomized controlled trial.
JAMA 2010; 304(8): 875-880.

Biederman J, Faraone SV. Attention-deficit hrgpavity disorderLancet2005;
366(9481): 237-248.

Findling RL. Evolution of the treatment of atien-deficit/hyperactivity disorder in
children: a reviewClin Ther2008; 30(5): 942-957.

Faraone SV, Glatt SJ. A comparison of the a€fycof medications for adult attention-
deficit/hyperactivity disorder using meta-analysiseffect sizesJ Clin Psychiatry
2010; 71(6): 754-763.

Adler LA, Spencer T, Brown TE, Holdnack J, Sa, Schuh K, Trzepacz PT,
Williams DW, Kelsey D. Once-daily atomoxetine fahudt attention-
deficit/hyperactivity disorder: a 6-month, doubl&ad trial. J Clin Psychopharmacol
2009; 29(1): 44-50.

Adler LA, Liebowitz M, Kronenberger W, Qiao RRubin R, Hollandbeck M, Deldar
A, Schuh K, Durell T. Atomoxetine treatment in aduwbith attention-

72



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

deficit/hyperactivity disorder and comorbid so@alkiety disorderDepress Anxiety
2009; 26(3): 212-221.

Wood JG, Crager JL, Delap CM, Heiskell KD. Beganethylphenidate: nonstimulant
medications for youth with ADHD] Atten Disord2007; 11(3): 341-350.

Verbeeck W, Tuinier S, Bekkering GE. Antidegeets in the treatment of adult
attention-deficit hyperactivity disorder: a systéimaeview.Adv Ther2009; 26(2):
170-184.

Weiss MD, Gadow K, Wasdell MB. Effectivenesscomes in attention-
deficit/hyperactivity disorderd Clin Psychiatry2006; 67 Suppl 8: 38-45.

Biederman J, Mick E, Surman C, Doyle R, HamressrP, Kotarski M, Spencer T. A
Randomized, 3-Phase, 34-Week, Double-Blind, Long¥ilgfficacy Study of
Osmotic-Release Oral System-Methylphenidate in &sdwlith Attention-
Deficit/Hyperactivity Disorderd Clin Psychopharmac@010; 30(5):549-53.

Torgersen T, Gjervan B, Rasmussen K. Treatwieadult ADHD: Is current
knowledge useful to cliniciang®europsychiatr Dis Trea2008; 4(1): 177-186.

Castellanos FX, Lee PP, Sharp W, Jeffries N@efstein DK, Clasen LS,
Blumenthal JD, James RS, Ebens CL, Walter JM, Bhds A, Evans AC, Giedd JN,
Rapoport JL. Developmental trajectories of braitugge abnormalities in children
and adolescents with attention-deficit/hyperacgtidisorder JAMA 2002; 288(14):
1740-1748.

Durston S, Hulshoff Pol HE, Schnack HG, Bu&eldK, Steenhuis MP, Minderaa RB,
Kahn RS, van Engeland H. Magnetic resonance imagfibgys with attention-
deficit/hyperactivity disorder and their unaffectgllings.J Am Acad Child Adolesc
Psychiatry2004; 43(3): 332-340.

Kieling C, Goncalves RR, Tannock R, Castellada¥sNeurobiology of attention
deficit hyperactivity disordeiChild Adolesc Psychiatr Clin N AB008; 17(2): 285-
307, viii.

Cubillo A, Halari R, Ecker C, Giampietro V, TayE, Rubia K. Reduced activation
and inter-regional functional connectivity of fronstriatal networks in adults with
childhood Attention-Deficit Hyperactivity DisordéADHD) and persisting symptoms
during tasks of motor inhibition and cognitive sshiing.J Psychiatr Re2010;

44(10): 629-639.

Krain AL, Castellanos FX. Brain development &i2HD. Clin Psychol ReR006;
26(4): 433-444.

Bush G, Frazier JA, Rauch SL, Seidman LJ, WhRI& Jenike MA, Rosen BR,
Biederman J. Anterior cingulate cortex dysfunciiomttention-deficit/hyperactivity
disorder revealed by fMRI and the Counting Strdgipl Psychiatry1999; 45(12):
1542-1552.

73



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Shaw P, Eckstrand K, Sharp W, Blumenthal Jch.dP, Greenstein D, Clasen L,
Evans A, Giedd J, Rapoport JL. Attention-deficifibyactivity disorder is
characterized by a delay in cortical maturatidroc Natl Acad Sci U S 2007;
104(49): 19649-19654.

Almeida LG, Ricardo-Garcell J, Prado H, BardjaBernandez-Bouzas A, Avila D,
Martinez RB. Reduced right frontal cortical thicksen children, adolescents and
adults with ADHD and its correlation to clinicalnables: A cross-sectional study.
Psychiatr Re2010; 44(16): 1214-23.

Barkley RA. Differential diagnosis of adultsttvADHD: the role of executive
function and self-regulatiod. Clin Psychiatry2010; 71(7): el7.

Cherkasova MV, Hechtman L. Neuroimaging ieratbn-deficit hyperactivity
disorder: beyond the frontostriatal circuitGan J Psychiatr2009; 54(10): 651-664.

Bush G, Valera EM, Seidman LJ. Functional ooaging of attention-
deficit/hyperactivity disorder: a review and suggesuture directionsBiol
Psychiatry2005; 57(11): 1273-1284.

Plessen KJ, Bansal R, Zhu H, Whiteman R, Am&uackenbush GA, Matrtin L,
Durkin K, Blair C, Royal J, Hugdahl K, Peterson BSppocampus and amygdala
morphology in attention-deficit/hyperactivity distar. Arch Gen Psychiatr2006;
63(7): 795-807.

Frodl T, Stauber J, Schaaff N, KoutsouleriSbheuerecker J, Ewers M, Omerovic
M, Opgen-Rhein M, Hampel H, Reiser M, Moller HJ, isenzahl E. Amygdala
reduction in patients with ADHD compared with magl@pression and healthy
volunteersActa Psychiatr Scang010; 121(2): 111-118.

Schneider MF, Krick CM, Retz W, Hengesch GzReinginger P, Reith W, Rosler
M. Impairment of fronto-striatal and parietal car@metworks correlates with
attention deficit hyperactivity disorder (ADHD) pshopathology in adults - a
functional magnetic resonance imaging (fMRI) stuelyychiatry Re2010; 183(1):
75-84.

Cubillo A, Rubia K. Structural and functiothin imaging in adult attention-
deficit/hyperactivity disordef=xpert Rev Neurothe2010; 10(4): 603-620.

Konrad K, Eickhoff SB. Is the ADHD brain wiréifferently? A review on structural
and functional connectivity in attention deficitgegractivity disorderHum Brain
Mapp2010; 31(6): 904-916.

Rubia K, Halari R, Cubillo A, Mohammad AM, Bnaner M, Taylor E.
Methylphenidate normalises activation and functi@manectivity deficits in attention
and motivation networks in medication-naive chitdweth ADHD during a rewarded
continuous performance taskeuropharmacologg009; 57(7-8): 640-652.

Wilens TE. Effects of methylphenidate on thtecholaminergic system in attention-
deficit/hyperactivity disorderd Clin Psychopharmacd008; 28(3 Suppl 2): S46-53.

74



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Ramos BP, Arnsten AF. Adrenergic pharmacoblogy cognition: focus on the
prefrontal cortexPharmacol The2007; 113(3): 523-536.

Stahl SM. The prefrontal cortex is out of timattention-deficit/hyperactivity
disorder.J Clin Psychiatry2009; 70(7): 950-951.

Solanto MV. Neuropsychopharmacological medmasiof stimulant drug action in
attention-deficit hyperactivity disorder: a reviewd integrationBehav Brain Res
1998; 94(1): 127-152.

Bear MF, Connors BW, Paradiso M¥euroscience- exploring the braihhird edn.
Lippincott Williams & Wilkins, 2006.

Oades RD. Role of the serotonin system in ADt#&atment implication€Expert Rev
Neurother2007; 7(10): 1357-1374.

Oades RD. Dopamine-serotonin interactionstenaon-deficit hyperactivity disorder
(ADHD). Prog Brain Re2008; 172: 543-565.

Gainetdinov RR, Wetsel WC, Jones SR, Levin Ebger M, Caron MG. Role of
serotonin in the paradoxical calming effect of ggystimulants on hyperactivity.
Sciencel999; 283(5400): 397-401.

Rocha BA, Scearce-Levie K, Lucas JJ, HiroCistanon N, Crabbe JC, Nestler EJ,
Hen R. Increased vulnerability to cocaine in maeking the serotonin-1B receptor.
Nature1998; 393(6681): 175-178.

Winstanley CA, Theobald DE, Dalley JW, CartRA, Robbins TW. Double
dissociation between serotonergic and dopaminengitulation of medial prefrontal
and orbitofrontal cortex during a test of impulscreice.Cereb Cortex2006; 16(1):
106-114.

Rothman RB, Blough BE, Baumann MH. Dual dopeyb-HT releasers: potential
treatment agents for cocaine addictibrends Pharmacol S&006; 27(12): 612-618.

Oades RD. Dopamine may be 'hyper" with regpewbradrenaline metabolism, but
'hypo' with respect to serotonin metabolism inartaih with attention-deficit
hyperactivity disordeiBehav Brain Re2002; 130(1-2): 97-102.

Berger M, Gray JA, Roth BL. The expanded lgglof serotoninAnnu Rev Med
2009; 60: 355-366.

Cote F, Fligny C, Bayard E, Launay JM, Gerskiih Mallet J, Vodjdani G.
Maternal serotonin is crucial for murine embryodevelopmentProc Natl Acad Sci
U S A2007; 104(1): 329-334.

Gizer IR, Ficks C, Waldman ID. Candidate gstuelies of ADHD: a meta-analytic
review.Hum GeneR009; 126(1): 51-90.

75



123.

124.

125.

126.

127.

128.

Neale BM, Medland SE, Ripke S, Asherson Plkgd, Lesch KP, Faraone SV,
Nguyen TT, Schafer H, Holmans P, Daly M, Steinhaud€, Freitag C, Reif A,
Renner TJ, Romanos M, Romanos J, Walitza S, Waknkéeyer J, Palmason H,
Buitelaar J, Vasquez AA, Lambregts-Rommelse N, EjllAnney RJ, Langely K,
O'Donovan M, Williams N, Owen M, Thapar A, Kent&ergeant J, Roeyers H, Mick
E, Biederman J, Doyle A, Smalley S, Loo S, Hakomatd, Elia J, Todorov A,
Miranda A, Mulas F, Ebstein RP, Rothenberger A,&ahewski T, Oades RD,
Sonuga-Barke E, McGough J, Nisenbaum L, MiddletoHUr X, Nelson S. Meta-
analysis of genome-wide association studies ohtte-deficit/hyperactivity disorder.
J Am Acad Child Adolesc Psychia2910; 49(9): 884-897.

Comings DE, Gade-Andavolu R, Gonzalez N, WM&leman D, Blake H, Dietz G,
Saucier G, MacMurray JP. Comparison of the roldagfamine, serotonin, and
noradrenaline genes in ADHD, ODD and conduct disorhultivariate regression
analysis of 20 gene€lin Genet2000; 57(3): 178-196.

Zhou K, Dempfle A, Arcos-Burgos M, Bakker anaschewski T, Biederman J,
Buitelaar J, Castellanos FX, Doyle A, Ebstein REhdm J, Forabosco P, Franke B,
Freitag C, Friedel S, Gill M, Hebebrand J, HinngyJAcob C, Lesch KP, Loo SK,
Lopera F, McCracken JT, McGough JJ, Meyer J, MicklEanda A, Muenke M,
Mulas F, Nelson SF, Nguyen TT, Oades RD, Ogdie Malacio JD, Pineda D, Reif
A, Renner TJ, Roeyers H, Romanos M, Rothenberg&chafer H, Sergeant J, Sinke
RJ, Smalley SL, Sonuga-Barke E, Steinhausen HCdeaMeulen E, Walitza S,
Warnke A, Lewis CM, Faraone SV, Asherson P. Metahais of genome-wide
linkage scans of attention deficit hyperactivitgatider Am J Med Genet B
Neuropsychiatr Gene2008; 147B(8): 1392-1398.

Neale BM, Lasky-Su J, Anney R, Franke B, ZKoWaller JB, Vasquez AA,
Asherson P, Chen W, Banaschewski T, Buitelaar steiibR, Gill M, Miranda A,
Oades RD, Roeyers H, Rothenberger A, Sergeantihhdusen HC, Sonuga-Barke E,
Mulas F, Taylor E, Laird N, Lange C, Daly M, Farad®V. Genome-wide association
scan of attention deficit hyperactivity disordem J Med Genet B Neuropsychiatr
Genet2008; 147B(8): 1337-1344.

Lasky-Su J, Neale BM, Franke B, Anney RJ, ZKpMaller JB, Vasquez AA, Chen
W, Asherson P, Buitelaar J, Banaschewski T, Eb®ei@ill M, Miranda A, Mulas F,
Oades RD, Roeyers H, Rothenberger A, Sergeanniig@eBarke E, Steinhausen HC,
Taylor E, Daly M, Laird N, Lange C, Faraone SV. Gee-wide association scan of
guantitative traits for attention deficit hyperadiy disorder identifies novel
associations and confirms candidate gene assaowafimm J Med Genet B
Neuropsychiatr Gen&2008; 147B(8): 1345-1354.

Lasky-Su J, Anney RJ, Neale BM, Franke B, ZKpMaller JB, Vasquez AA, Chen
W, Asherson P, Buitelaar J, Banaschewski T, Eb®ei@ill M, Miranda A, Mulas F,
Oades RD, Roeyers H, Rothenberger A, Sergeanniig@eBarke E, Steinhausen HC,
Taylor E, Daly M, Laird N, Lange C, Faraone SV. Gere-wide association scan of
the time to onset of attention deficit hyperactiwdisorder Am J Med Genet B
Neuropsychiatr Gene2008; 147B(8): 1355-1358.

76



129.

130.

131.

132.

133.

134.

135.

136.

137.

Sonuga-Barke EJ, Lasky-Su J, Neale BM, Oadé&hBn W, Franke B, Buitelaar J,
Banaschewski T, Ebstein R, Gill M, Anney R, MiramslaViulas F, Roeyers H,
Rothenberger A, Sergeant J, Steinhausen HC, Thamg@sésherson P, Faraone SV.
Does parental expressed emotion moderate gentdatsein ADHD? An exploration
using a genome wide association s@em.J Med Genet B Neuropsychiatr Genet
2008; 147B(8): 1359-1368.

Neale BM, Medland S, Ripke S, Anney RJ, Astrei3, Buitelaar J, Franke B, Gill M,
Kent L, Holmans P, Middleton F, Thapar A, Lesch IkKBraone SV, Daly M, Nguyen
TT, Schafer H, Steinhausen HC, Reif A, Renner aim&nos M, Romanos J, Warnke
A, Walitza S, Freitag C, Meyer J, Palmason H, Roltieeger A, Hawi Z, Sergeant J,
Roeyers H, Mick E, Biederman J. Case-control genade association study of
attention-deficit/hyperactivity disordei.Am Acad Child Adolesc Psychia§10;
49(9): 906-920.

Lesch KP, Timmesfeld N, Renner TJ, HalperiRBser C, Nguyen TT, Craig DW,
Romanos J, Heine M, Meyer J, Freitag C, Warnke dmBnos M, Schafer H, Walitza
S, Reif A, Stephan DA, Jacob C. Molecular geneatfcadult ADHD: converging
evidence from genome-wide association and extepddjree linkage studies.
Neural Transn2008; 115(11): 1573-1585.

Franke B, Neale BM, Faraone SV. Genome-wideciation studies in ADHCHum
Genet2009; 126(1): 13-50.

Philippova M, Joshi MB, Kyriakakis E, Pfaff Brne P, Resink TJ. A guide and
guard: the many faces of T-cadhe@ell Signal2009; 21(7): 1035-1044.

Ciatto C, Bahna F, Zampieri N, VanSteenhouSe khtsamba PS, Ahlsen G,
Harrison OJ, Brasch J, Jin X, Posy S, Vendome dsétd B, Jessell TM, Honig B,
Shapiro L. T-cadherin structures reveal a novekanlie binding mechanismlat
Struct Mol Biol2010; 17(3): 339-347.

Treutlein J, Cichon S, Ridinger M, Wodarz Ny&a M, Zill P, Maier W, Moessner
R, Gaebel W, Dahmen N, Fehr C, Scherbaum N, Stefiér_udwig KU, Frank J,
Wichmann HE, Schreiber S, Dragano N, Sommer WHphedi-Essmann F,
Lourdusamy A, Gebicke-Haerter P, Wienker TF, SalivF, Nothen MM, Kiefer F,
Spanagel R, Mann K, Rietschel M. Genome-wide aafioai study of alcohol
dependenceéArch Gen Psychiatr2009; 66(7): 773-784.

McKinney J, Johansson S, Halmoy A, DramsdahW\ihge |, Knappskog PM,
Haavik J. A loss-of-function mutation in tryptophlaydroxylase 2 segregating with
attention-deficit/hyperactivity disorddviol Psychiatry2008; 13(4): 365-367.

Elia J, Gai X, Xie HM, Perin JC, Geiger E, €leer JT, D'Arcy M, deBerardinis R,
Frackelton E, Kim C, Lantieri F, Muganga BM, WangTakeda T, Rappaport EF,
Grant SF, Berrettini W, Devoto M, Shaikh TH, Hakmssen H, White PS. Rare
structural variants found in attention-deficit hygetivity disorder are preferentially
associated with neurodevelopmental geied.Psychiatry2010; 15(6): 637-646.

77



138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

McCarthy MI, Abecasis GR, Cardon LR, Goldstem, Little J, loannidis JP,
Hirschhorn JN. Genome-wide association studiesdanplex traits: consensus,
uncertainty and challengdsat Rev Gene2008; 9(5): 356-369.

Millichap JG. Etiologic classification of attén-deficit/hyperactivity disorder.
Pediatrics2008; 121(2): e358-365.

Banerjee TD, Middleton F, Faraone SV. Envirental risk factors for attention-
deficit hyperactivity disordeActa Paediat2007; 96(9): 1269-1274.

Levy F, Hay DAttention, Genes and ADHBrunner- Routledge, 2001.

Ehringer MA, Rhee SH, Young S, Corley R, Heult. Genetic and environmental
contributions to common psychopathologies of clolathand adolescence: a study of
twins and their siblingsl Abnorm Child Psych@&006; 34(1): 1-17.

McCann D, Barrett A, Cooper A, Crumpler D, &al, Grimshaw K, Kitchin E, Lok

K, Porteous L, Prince E, Sonuga-Barke E, WarnerSi€yenson J. Food additives and
hyperactive behaviour in 3-year-old and 8/9-yeakratlildren in the community: a
randomised, double-blinded, placebo-controlled.ttiancet2007; 370(9598): 1560-
1567.

Sinn N. Nutritional and dietary influencesaitention deficit hyperactivity disorder.
Nutr Rev2008; 66(10): 558-568.

Hauser P, Zametkin AJ, Martinez P, VitielloNBatochik JA, Mixson AJ, Weintraub
BD. Attention deficit-hyperactivity disorder in pgle with generalized resistance to
thyroid hormoneN Engl J Medl993; 328(14): 997-1001.

Antshel KM. ADHD, learning, and academic perfance in phenylketonuriéol
Genet Metal2010; 99 Suppl 1: S52-58.

Howard AL, Robinson M, Smith GJ, Ambrosini Gliek JP, Oddy WH. ADHD Is
Associated With a '"Western' Dietary Pattern in &dokntsJ Atten Disord2010
(Epub ahead of print).

Famularo R, Kinscherff R, Fenton T. Psychsadiagnoses of maltreated children:
preliminary findingsJ Am Acad Child Adolesc Psychiat992; 31(5): 863-867.

Biederman J, Milberger S, Faraone SV, KielyKijte J, Mick E, Ablon S, Warburton
R, Reed E. Family-environment risk factors for matiten-deficit hyperactivity
disorder. A test of Rutter's indicators of advgrsitrch Gen Psychiatr§995; 52(6):
464-470.

Boksa P, El-Khodor BF. Birth insult interaatith stress at adulthood to alter

dopaminergic function in animal models: possiblglications for schizophrenia and
other disorderdNeurosci Biobehav R003; 27(1-2): 91-101.

78



151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Hartsough CS, Lambert NM. Medical factorsypédractive and normal children:
prenatal, developmental, and health history fingidgn J Orthopsychiatr{985;
55(2): 190-201.

Langley K, Rice F, van den Bree MB, ThapaMaternal smoking during pregnancy
as an environmental risk factor for attention defigperactivity disorder behaviour.
A review. Minerva Pediatr2005; 57(6): 359-371.

Milberger S, Biederman J, Faraone SV, JonEarfher evidence of an association
between maternal smoking during pregnancy andtaitedeficit hyperactivity
disorder: findings from a high-risk sample of gilgis.J Clin Child Psycholl998;
27(3): 352-358.

Mick E, Biederman J, Faraone SV, Sayer Jndtain S. Case-control study of
attention-deficit hyperactivity disorder and matdremoking, alcohol use, and drug
use during pregnancy.Am Acad Child Adolesc Psychia2902; 41(4): 378-385.

Linnet KM, Dalsgaard S, Obel C, Wisborg K, Hkesen TB, Rodriguez A, Kotimaa
A, Moilanen |, Thomsen PH, Olsen J, Jarvelin MR t&aal lifestyle factors in
pregnancy risk of attention deficit hyperactivitigarder and associated behaviors:
review of the current evidenc&m J Psychiatry2003; 160(6): 1028-1040.

Mick E, Biederman J, Prince J, Fischer MJabae SV. Impact of low birth weight
on attention-deficit hyperactivity disordeérDev Behav Pedia2002; 23(1): 16-22.

Linnet KM, Wisborg K, Agerbo E, Secher NJ, fitsen PH, Henriksen TB.
Gestational age, birth weight, and the risk of higpeetic disorderArch Dis Child
2006; 91(8): 655-660.

Hayes B, Sharif F. Behavioural and emotiondat@me of very low birth weight
infants-literature reviewd Matern Fetal Neonatal Me2009; 22(10): 849-856.

Hultman CM, Torrang A, Tuvblad C, CnattingliisLarsson JO, Lichtenstein P. Birth
weight and attention-deficit/hyperactivity symptomshildhood and early
adolescence: a prospective Swedish twin stdidym Acad Child Adolesc Psychiatry
2007; 46(3): 370-377.

Indredavik MS, Vik T, Heyerdahl S, Kulsengrayers P, Brubakk AM. Psychiatric
symptoms and disorders in adolescents with lovh bitight.Arch Dis Child Fetal
Neonatal EQR004; 89(5): F445-450.

Vermiglio F, Lo Presti VP, Moleti M, Sidoti Mortorella G, Scaffidi G, Castagna
MG, Mattina F, Violi MA, Crisa A, Artemisia A, Trirchi F. Attention deficit and
hyperactivity disorders in the offspring of mothesgposed to mild-moderate iodine
deficiency: a possible novel iodine deficiency disy in developed countrie3.Clin
Endocrinol Metal2004; 89(12): 6054-6060.

Antshel KM, Waisbren SE. Developmental timarfiggxposure to elevated levels of
phenylalanine is associated with ADHD symptom eggien.J Abnorm Child
Psychol2003; 31(6): 565-574.

79



163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Thapar A, Langley K, Fowler T, Rice F, Turic\Whittinger N, Aggleton J, Van den
Bree M, Owen M, O'Donovan M. Catechol O-methyltfarsse gene variant and birth
weight predict early-onset antisocial behaviorhiidren with attention-
deficit/hyperactivity disordeArch Gen Psychiatrg005; 62(11): 1275-1278.

Neuman RJ, Lobos E, Reich W, Henderson CA,LSuVinTodd RD. Prenatal smoking
exposure and dopaminergic genotypes interact tsecaisevere ADHD subtypgiol
Psychiatry2007; 61(12): 1320-1328.

Todd RD, Neuman RJ. Gene-environment interastin the development of
combined type ADHD: evidence for a synapse-basedemam J Med Genet B
Neuropsychiatr Gen&t007; 144B(8): 971-975.

Sonuga-Barke EJ, Oades RD, Psychogiou L, @hdfranke B, Buitelaar J,
Banaschewski T, Ebstein RP, Gil M, Anney R, Mira#d&oeyers H, Rothenberger
A, Sergeant J, Steinhausen HC, Thompson M, Ashdtséiaraone SV. Dopamine
and serotonin transporter genotypes moderate seiysib maternal expressed
emotion: the case of conduct and emotional probiemagtention deficit/hyperactivity
disorder.J Child Psychol Psychiatr009; 50(9): 1052-1063.

Caspi A, Moffitt TE. Gene-environment interans in psychiatry: joining forces with
neuroscienceNat Rev Neuros@006; 7(7): 583-590.

Thapar A, Langley K, Asherson P, Gill M. Garedronment interplay in attention-
deficit hyperactivity disorder and the importané@aevelopmental perspectigx. J
Psychiatry2007; 190: 1-3.

Kessler RC, Adler LA, Barkley R, BiedermaiCdnners CK, Faraone SV, Greenhill
LL, Jaeger S, Secnik K, Spencer T, Ustun TB, Zas@WAM. Patterns and predictors
of attention-deficit/hyperactivity disorder persiste into adulthood: results from the
national comorbidity survey replicatioBiol Psychiatry2005; 57(11): 1442-1451.

Biederman J, Petty CR, Clarke A, Lomedico &aéne SV. Predictors of persistent
ADHD: An 11-year follow-up studyd Psychiatr Re2010 (Epub ahead of print).

Lara C, Fayyad J, de Graaf R, Kessler RC, lag@Baxiola S, Angermeyer M,
Demytteneare K, de Girolamo G, Haro JM, Jin R, KaEG, Lepine JP, Mora ME,
Ormel J, Posada-Villa J, Sampson N. Childhood pteds of adult attention-
deficit/hyperactivity disorder: results from the WWbHealth Organization World
Mental Health Survey InitiativaBiol Psychiatry2009; 65(1): 46-54.

Faraone SV. Genetics of adult attention-défigperactivity disordersychiatr Clin
North Am2004; 27(2): 303-321.

van den Berg SM, Willemsen G, de Geus EJ, BowarDI. Genetic etiology of

stability of attention problems in young adulthoéd J Med Genet B Neuropsychiatr
Genet2006; 141B(1): 55-60.

80



174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Boomsma DI, Saviouk V, Hottenga JJ, Distel M& Moor MH, Vink JM, Geels LM,
van Beek JH, Bartels M, de Geus EJ, Willemsen GieGe epidemiology of attention
deficit hyperactivity disorder (ADHD index) in adslPLoS One010; 5(5): e10621.

Schultz MR, Rabi K, Faraone SV, Kremen W, Ls/dhl. Efficacy of retrospective
recall of attention-deficit hyperactivity disordggymptoms: A twin studyfwin Res
Hum GeneR006; 9(2): 220-232.

Johansson S, Halleland H, Halmoy A, Jacobsénkindaas ET, Dramsdahl M,
Fasmer OB, Bergsholm P, Lundervold AJ, GillbergH@gdahl K, Knappskog PM,
Haavik J. Genetic analyses of dopamine relatedggenadult ADHD patients suggest
an association with the DRD5-microsatellite repbat,not with DRD4 or SLC6A3
VNTRs.Am J Med Genet B Neuropsychiatr Gep@d8; 147B(8): 1470-1475.

Ribases M, Ramos-Quiroga JA, Hervas A, BosdBiftsa A, Gastaminza X, Artigas
J, Rodriguez-Ben S, Estivill X, Casas M, CormandByes M. Exploration of 19
serotoninergic candidate genes in adults and @mldnth attention-
deficit/hyperactivity disorder identifies assoamatifor 5SHT2A, DDC and MAOBMol
Psychiatry2009; 14(1): 71-85.

Freitag CM, Rohde LA, Lempp T, Romanos M. Ritygnic and measurement
influences on heritability estimates in childhooBD. Eur Child Adolesc Psychiatry
2010; 19(3): 311-323.

Aanonsen NO, Lensing MB, Prietz R, GagrvelsBndven |, Ljgner L. Utprgvende
behandling med sentralstimulerende legemidleraiisne med hyperkinetisk
forstyrrelse/ADHD. Rapport til Sosial-og helsediaiatet. Erfaringer fra
prgveperioden oktober 1997 til august 2003. Ullevdversitetssykehus, 2004.

Hirschfeld RM, Williams JB, Spitzer RL, Calabe JR, Flynn L, Keck PE, Jr., Lewis
L, McElroy SL, Post RM, Rapport DJ, Russell IM, I8aGS, Zajecka J. Development
and validation of a screening instrument for bipslgectrum disorder: the Mood
Disorder Questionnairdm J Psychiatr2000; 157(11): 1873-1875.

Hirschfeld RM, Holzer C, Calabrese JR, WeissMaReed M, Davies M, Frye MA,
Keck P, McElroy S, Lewis L, Tierce J, Wagner KD,zded E. Validity of the mood
disorder questionnaire: a general population stAdy.J Psychiatr2003; 160(1):
178-180.

Rasmussen K, Almvik R, Levander S. Attentiefiat hyperactivity disorder, reading
disability, and personality disorders in a prisapplation.J Am Acad Psychiatry Law
2001; 29(2): 186-193.

Sheehan DV, Lecrubier Y, Sheehan KH, Amorirddhavs J, Weiller E, Hergueta T,
Baker R, Dunbar GC. The Mini-International Neurogssgtric Interview (M.I.N.L.):
the development and validation of a structuredmagc psychiatric interview for
DSM-1V and ICD-10.The Journal of clinical psychiatr§998; 59 Suppl 20: 22-334.

81



184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

Utprgvende behandling med sentralstimuleréegiEmidler til voksne med
hyperkinetisk forstyrrelse/ADHD: rapport til Sosiagd helsedirektoratet. Erfaringer
fra prevepreioden oktober 1997 til august 2003eVdl universitetssykehus, 2004.

Hazell P. Does the treatment of mental digsrotechildhood lead to a healthier
adulthoodurr Opin Psychiatry2007; 20(4): 315-318.

Little J, Richardson K. The clinician's dilemniborderline personality disorder or
bipolar spectrum disorde/ustralas Psychiatrg010; 18(4): 303-308.

Johansson S, Halmoy A, Mavroconstanti T, JeeolKK, Landaas ET, Reif A, Jacob
C, Boreatti-Hummer A, Kreiker S, Lesch KP, Kan &©pij JJ, Kiemeney LA,
Buitelaar JK, Franke B, Ribases M, Bosch R, BayeS€kbkas M, Ramos-Quiroga JA,
Cormand B, Knappskog P, Haavik J. Common variantee TPH1 and TPH2
regions are not associated with persistent ADHB aombined sample of 1,636 adult
cases and 1,923 controls from four European papngatAm J Med Genet B
Neuropsychiatr Gene&t010; 153B(5): 1008-1015.

Skjaerven R, Gjessing HK, Bakketeig LS. Birthyirt by gestational age in Norway.
Acta Obstet Gynecol Sca@@00; 79(6): 440-449.

Kubon C, Sivertsen A, Vindenes HA, Abyholm)cox A, Lie RT. Completeness
of registration of oral clefts in a medical birdggistry: a population-based studcta
Obstet Gynecol ScarD07; 86(12): 1453-1457.

Eichler EE, Flint J, Gibson G, Kong A, Leal SMioore JH, Nadeau JH. Missing
heritability and strategies for finding the undarty causes of complex diseabkat
Rev Gene2010; 11(6): 446-450.

Asimit J, Zeggini E. Rare variant associatdoalysis methods for complex traif$e
Annual Reviews of Geneti2810; 44: 293-308.

Bodmer W, Bonilla C. Common and rare variamtsiultifactorial susceptibility to
common diseaseblat GeneR008; 40(6): 695-701.

Kong A, Steinthorsdottir V, Masson G, Thodsiin G, Sulem P, Besenbacher S,
Jonasdottir A, Sigurdsson A, Kristinsson KT, Fridde, Gylfason A, Olason Pl,
Gudjonsson SA, Sverrisson S, Stacey SN, SigurgeirBs Benediktsdottir KR,
Sigurdsson H, Jonsson T, Benediktsson R, Olafddpdahannsson OT, Hreidarsson
AB, Sigurdsson G, Ferguson-Smith AC, Gudbjartssén Thorsteinsdottir U,
Stefansson K. Parental origin of sequence varasgeciated with complex diseases.
Nature2009; 462(7275): 868-874.

Thapar A, Rutter M. Do prenatal risk factaasise psychiatric disorder? Be wary of
causal claimsBr J Psychiatry2009; 195(2): 100-101.

Davidson S, Prokonov D, Taler M, Maayan R,@ld, Gil-Ad I, Weizman A. Effect

of exposure to selective serotonin reuptake inbiibiin utero on fetal growth:
potential role for the IGF-1 and HPA axé%ediatr Re2009; 65(2): 236-241.

82



196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

Mannuzza S, Klein RG, Bessler A, Malloy P, BlyiME. Educational and
occupational outcome of hyperactive boys grownJupm Acad Child Adolesc
Psychiatry1997; 36(9): 1222-1227.

Sobanski E, Bruggemann D, Alm B, Kern S, Peén A, Schmalzried H, Hesslinger
B, Waschkowski H, Rietschel M. Subtype differeniceadults with attention-
deficit/hyperactivity disorder (ADHD) with regard ADHD-symptoms, psychiatric
comorbidity and psychosocial adjustmesdr Psychiatry2008; 23(2):142-9.

Sprafkin J, Gadow KD, Weiss MD, SchneiderdlaN EE. Psychiatric Comorbidity
in ADHD Symptom Subtypes in Clinic and Communityuls. J Atten Disord2007;
11(2): 114-124.

Kaplan B, Crawford S, Cantell M, Kooistra Lewey D. Comorbidity, co-occurrence,
continuum: What's in a nam€&hild Care Health De2006; 32(6): 723-731.

First MB. Mutually exclusive versus co-occagidiagnostic categories: the challenge
of diagnostic comorbidityPsychopatholog005; 38(4): 206-210.

Valderas JM, Starfield B, Sibbald B, SalisbGryRoland M. Defining comorbidity:
implications for understanding health and healtiwises.Ann Fam Med®009; 7(4):
357-363.

Angold A, Costello EJ, Erkanli A. ComorbiditlyChild Psychol Psychiatr¥999;
40(1): 57-87.

Cox ER, Motheral BR, Henderson RR, Mager Dodsaphic variation in the
prevalence of stimulant medication use among atrildrto 14 years old: results from
a commercially insured US samplediatrics2003; 111(2): 237-243.

Wingo AP, Ghaemi SN. A systematic review ¢ésaand diagnostic validity of
comorbid adult attention-deficit/hyperactivity dider and bipolar disordes.Clin
Psychiatry2007; 68(11): 1776-1784.

Andersson S, Lovdahl H, Malt UF. Neuropsychalal function in unmedicated
recurrent brief depressiod Affect Disord2010; 125(1-3): 155-164.

Gunderson JG, Weinberg I, Daversa MT, Kueppedér KD, Zanarini MC, Shea
MT, Skodol AE, Sanislow CA, Yen S, Morey LC, GritM, McGlashan TH, Stout
RL, Dyck I. Descriptive and longitudinal observaisoon the relationship of
borderline personality disorder and bipolar disorden J Psychiatr2006; 163(7):
1173-1178.

Zimmerman M, Galione JN, Chelminski I, Young@alrymple K. Psychiatric
diagnoses in patients who screen positive on thedMisorder Questionnaire:
Implications for using the scale as a case-findisgrument for bipolar disorder.
Psychiatry Re2010 (Epub ahead of print).

83



208.

2009.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

Zimmerman M, Galione JN, Ruggero CJ, Chelmihskoung D, Dalrymple K,
McGlinchey JB. Screening for bipolar disorder amdling borderline personality
disorder.J Clin Psychiatry2010;71(9):1212-7.

Barker DJ. The developmental origins of adideaseJ Am Coll Nutr2004; 23(6
Suppl): 588S-595S.

Lahti M, Raikkonen K, Wahlbeck K, HeinonenRGrsen T, Kajantie E, Pesonen AK,
Osmond C, Barker DJ, Eriksson JG. Prenatal origif®spitalization for personality
disorders: The Helsinki Birth Cohort Studsychiatry Re2010; 179 (2): 226-30.

Lou HC, Rosa P, Pryds O, Karrebaek H, Lundingumming P, Gjedde A. ADHD:
increased dopamine receptor availability linkeattention deficit and low neonatal
cerebral blood flowDev Med Child Neura2004; 46(3): 179-183.

Lou HC. Etiology and pathogenesis of attentleficit hyperactivity disorder
(ADHD): significance of prematurity and perinatgioxic-haemodynamic
encephalopathyActa Paediatrl996; 85(11): 1266-1271.

Linnet KM, Wisborg K, Obel C, Secher NJ, Them®&H, Agerbo E, Henriksen TB.
Smoking during pregnancy and the risk for hyperkineisorder in offspring.
Pediatrics2005; 116(2): 462-467.

Thapar A, Rice F, Hay D, Boivin J, Langleyén den Bree M, Rutter M, Harold G.
Prenatal smoking might not cause attention-delfiggéractivity disorder: evidence
from a novel desigrBiol Psychiatry2009; 66(8): 722-727.

Knopik VS. Maternal smoking during pregnanog ahild outcomes: real or spurious
effect?Dev Neuropsychd009; 34(1): 1-36.

Shinawi M, Liu P, Kang SH, Shen J, Belmont 38btt DA, Probst FJ, Craigen WJ,
Graham BH, Pursley A, Clark G, Lee J, Proud M, &bo&, Rodriguez DL, Kozel
BA, Sparagana S, Roeder ER, McGrew SG, Kurczyngkj Allison LJ, Amato S,
Savage S, Patel A, Stankiewicz P, Beaudet AL, Ch&W, Lupski JR. Recurrent
reciprocal 16p11.2 rearrangements associated ‘atiadevelopmental delay,
behavioural problems, dysmorphism, epilepsy, amibabal head sizel. Med Genet
2010; 47(5): 332-341.

Schlotz W, Jones A, Phillips DI, Gale CR, Rwsloin SM, Godfrey KM. Lower
maternal folate status in early pregnancy is aasediwith childhood hyperactivity
and peer problems in offspringChild Psychol Psychiatr010; 51(5): 594-602.

Wilcox AJ, Lie RT, Solvoll K, Taylor J, McCoanghey DR, Abyholm F, Vindenes
H, Vollset SE, Drevon CA. Folic acid supplementd ask of facial clefts: national
population based case-control stuBiylJ 2007; 334(7591): 464.

Whitaker-Azmitia PM, Druse M, Walker P, Lauddt. Serotonin as a developmental
signal.Behav Brain Re4996; 73(1-2): 19-29.

84



220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

Buznikov GA, Lambert HW, Lauder JM. Serotoaird serotonin-like substances as
regulators of early embryogenesis and morphogen@sikTissue Re2001; 305(2):
177-186.

Lauder JM, Tamir H, Sadler TW. Serotonin aradphogenesis. I. Sites of serotonin
uptake and -binding protein immunoreactivity in thelgestation mouse embryo.
Development988; 102(4): 709-720.

Moiseiwitsch JR. The role of serotonin andragansmitters during craniofacial
developmentCrit Rev Oral Biol Med2000; 11(2): 230-239.

Shi ZC, Devasagayaraj A, Gu K, Jin H, Maring)lSamala L, Scott S, Stouch T,
Tunoori A, Wang Y, Zang Y, Zhang C, Kimball SD, MaAJ, Sun W, Yang Q,
Nouraldeen A, Yu XQ, Buxton E, Patel S, Nguyen Wa8ield J, Powell DR, Wilson
A, Liu Q. Modulation of peripheral serotonin levélg novel tryptophan hydroxylase
inhibitors for the potential treatment of functibgastrointestinal disorderd.Med
Chem2008; 51(13): 3684-3687.

Ford AC, Forman D, Bailey AG, Axon AT, Moayy&l Irritable bowel syndrome: a
10-yr natural history of symptoms and factors thliience consultation behavigkm
J GastroenteroR008; 103(5): 1229-1239.

Tuccori M, Testi A, Antonioli L, Fornai M, Mdéagnani S, Ghisu N, Colucci R,
Corona T, Blandizzi C, Del Tacca M. Safety concerssociated with the use of
serotonin reuptake inhibitors and other serotowéngradrenergic antidepressants
during pregnancy: a revieWlin Ther2009; 31 Pt 1: 1426-1453.

Pedersen LH, Henriksen TB, Vestergaard M, iQlsé8ech BH. Selective serotonin
reuptake inhibitors in pregnancy and congenitalfonalations: population based
cohort studyBMJ 2009; 339: b35609.

Lund N, Pedersen LH, Henriksen TB. Selectaret®nin reuptake inhibitor exposure
in utero and pregnancy outcom@sch Pediatr Adolesc Me®009; 163(10): 949-954.

Toh S, Mitchell AA, Louik C, Werler MM, ChamiseCD, Hernandez-Diaz S.
Antidepressant use during pregnancy and the rigkeitrm delivery and fetal growth
restriction.J Clin Psychopharmacd@009; 29(6): 555-560.

Homberg JR, Schubert D, Gaspar P. New peigpean the neurodevelopmental
effects of SSRIsTrends Pharmacol S&009; 31(2): 60-65.

Figueroa R. Use of Antidepressants During faegy and Risk of Attention-
Deficit/Hyperactivity Disorder in the Offsprind.Dev Behav Pedia2010.

Borue X, Chen J, Condron BG. Developmenta&ot$fof SSRIs: lessons learned from
animal studiesint J Dev Neurosc2007; 25(6): 341-347.

Kim H, Toyofuku Y, Lynn FC, Chak E, UchidaMijzukami H, Fujitani Y,
Kawamori R, Miyatsuka T, Kosaka Y, Yang K, Honigwan der Hart M, Kishimoto

85



N, Wang J, Yagihashi S, Tecott LH, Watada H, Geri& Serotonin regulates
pancreatic beta cell mass during pregnaiiat.Med2010; 16(7): 804-808.

86



Errata

Page 9: % paragraph; B sentence: “..national cohort of 2123 adults..”idtide
“..national cohort of 2323 adults..”

Page 39: The following sentenc@$e families included in Paper IV were families of
probands with TPH1 mutations, and in which at ledhste family members agreed to
participate. Seven families with a total of 86 memslwere included.’should be
replaced byThe families included in Paper IV were familiespgbbands with TPH
mutations, and in which at least three family memlagreed to participate. Eight
families with a total of 97 members were included.”

Reference 24 and 70 should be identical and listégonce (24)

Reference 132Franke B, Neale BM, Faraone SV. Genome-wide asgioti studies
in ADHD. Hum Genet 2009; 126(1): 13-5Gshould be replaced Branke B,
Vasquez AA, Johansson S, et al. Multicenter Arsabfshe SLC6A3/DAT1 VNTR
Haplotype in Persistent ADHD Suggests Different@blvement of the Gene in
Childhood and Persistent ADHD. Neuropsychopharmagyl Nov 4 2009.”

Reference 136McKinney J, Johansson S, Halmoy A, Dramsdahl Nho# |,
Knappskog PM, Haavik J. A loss-of-function mutatiotryptophan hydroxylase 2
segregating with attention-deficit/hyperactivitydider. Mol Psychiatry 2008; 13(4):
365-367.”should be reference 18Johansson S, Halmoy A, Mavroconstanti T, et al.
Common variants in the TPH1 and TPH2 regions areassociated with persistent
ADHD in a combined sample of 1,636 adult cases1gf@3 controls from four
European populations. Am J Med Genet B NeuropstrcGienet. Mar 8
2010;153B(5):1008-1015.

Reference 184 should be identical to reference "&éhonsen NO, Lensing MB,
Prietz R, Ggrvell P, Sandven I, Ljgner L. Utprgwebéhandling med
sentralstimulerende legemidler til voksne med hiipetisk forstyrrelse/ADHD.
Rapport til Sosial-og helsedirektoratet. Erfaringea praveperioden oktober 1997 til
august 2003. Ulleval universitetssykehus, 20@hd listed only once.
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