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Attention deficit-hyperactivity disorder and
early-onset bipolar disorder:
two facets of one entity?

Florian D. Zepf, MD

Early-onset bipolar disorder (BD) and attention-deficit-
hyperactivity disorder (ADHD) have recently been the sub-
ject of highly controversial debate, due to theories regard-
ing underlying pathophysiological processes and a clinical
overlap of symptoms. Epidemiological data, clinical aspects,
neuroimaging, neurochemical, and genetic studies suggest
that there may be a possible relationship between biolog-
ical factors and clinical characteristics in the development
of symptoms. However, longitudinal data supporting the
hypothesis of a diagnostic shift from BD to ADHD symp-
toms and vice versa are currently not available. These
would be essential to enable further investigations into
whether these two disorders possibly represent two differ-
ent aspects of an underlying common psychopathophysi-
ological entity.
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hildren and adolescents with disturbed moods,
affective instability, behavioral disturbances, attention
problems, aggression, and agitation are frequently diag-
nosed as having pediatric bipolar disorder (PBD), often
referred to as early-onset bipolar disorder (BD). Current
research centers around a debate on the covariance and
respective co-occurrence of early-onset BD with atten-
tion-deficit/hyperactivity disorder (ADHD), and the
question as to whether these two disorders share com-
mon underlying neurobiological processes which produce
the same phenomenology and characteristic clinical
symptom patterns as outlined above.'” This debate is
highly controversial, because PBD symptoms have fre-
quently been shown to overlap with symptom character-
istics related to ADHD (Figures I and 2), thus making
the task of differentiating the diagnosis of both these dis-
orders extremely difficult. This diagnostic challenge is fur-
ther complicated by the fact that not only have PBD and
ADHD been frequently found to be comorbid, but that
they co-occur with other disruptive behavior disorders
(DBD) such as oppositional defiant disorder (ODD) or
conduct disorder (CD) characterized by aggression and
uninhibited behavior, a symptom complex also associated
with bipolarity—particularly adult bipolarity.
From a developmental viewpoint, the relationship
between primary clinical manifestation and later symp-
tom development could be seen as decisive for a better
understanding of early-onset BD and ADHD and their
diagnostic differentials and possible psychopathophysio-
logical entity. Child and adolescent psychiatrists in charge
of treatment are doubtless faced with formidable chal-
lenges to their diagnostic and clinical abilities. As prelim-
inary evidence shows that these two disorders could pos-
sibly be inter-related on the grounds of common organic
developmental factors and corresponding clinical
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Selected abbreviations and acronyms

ADHD  attention deficit-hyperactivity disorder
BD bipolar disorder

CBCL Child Behavior Checklist

PBD pediatric bipolar disorder

PFC prefrontal cortex

RTD rapid tryptophan depletion

characteristics, it can be argued that both conditions may
represent two differing facets of an underlying common
psychopathophysiological entity. This hypothesis will now
be examined, taking into consideration epidemiological,
clinical, imaging, neurochemical, and genetic data.

Epidemiology

Recent research has suggested that the diagnosis of PBD
is scarce outside the USA (clinical samples range from
0% to 7.2% prevalence), whereas in the USA prevalence
rates range from 5.9 to 19.6%.’° Potential explanations
for these discrepancies and for the higher prevalence rate
of PBD in the USA should take into consideration that
the preference for diagnosing clinical manifestations as
PBD may have impeded attempts to compare data from

Trouble keeping attention
Not giving attention to details/
makes careless mistakes
Often easily distracted
“On the go”, acts as if “driven by a motor”

Fidgets with hands or feet
Gets up from seat when remaining in
seat is expected
Excessive talking
Trouble playing or enjoying
leisure activities quietly
Runs about/climbs when it is not
appropriate/restlessness.
Interrupts or intrudes on others
Blurting out answers
Trouble waiting one’s turn

Bipolar
mania

Figure 1. DSM-IV symptoms of attention deficit-hyperactivity disorder also
observable in bipolar mania.
Adapted from ref 23: Wingo AP, Ghaemi SN. A systematic review of rates
in diagnostic validity of comorbid adult attention-deficit/hyperactivity dis-
order and bipolar disorder. J Clin Psychiatry. 2007;68:1776-1784.
Copyright © Physicians Postgraduate Press 2007; ref 68: Kent L, Craddock
N. Is there a relationship between attention deficit hyperactivity disorder
and bipolar disorder? J Affect Disord. 2003;73:211-221. Copyright ©
Elsevier 2003
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European countries with data from the USA. Clinical
manifestations which may have been classified as PBD
by US researchers or clinicians might have received a dif-
ferent diagnostic characterization in European samples
(such as severe ADHD, personality disorders, depressive
disorders, or conduct disorders).'*” Moreover, it may be
relevant that research in the USA has received consider-
able funding, thus enabling a large number of studies,
whereas in Europe funding for research on PBD is rel-
atively limited. The differing diagnostic classification sys-
tems International Classification of Diseases (ICD)-10
and Diagnostic and Statistical Manual of Mental
Disorders (DSM)-IV may also have made studies on
PBD prevalence rates in clinical populations around the
globe more difficult.!

Some researchers also see higher prescription rates for
stimulants and antidepressants as a potential reason for
higher diagnostic rates for PBD (particularly for drug-
induced mania) in the USA. The differences between
prevalence rates of PBD in the USA and those in
European countries could support the hypothesis that
drug-induced mania in children could be due to treat-
ment with antidepressants and stimulants for depressive
or ADHD-related symptoms, respectively.® In a retro-

Increased talking X
Distractibility Bipolar

mania

Heightened activity
Reduced social inhibition

Figure 2. DSM-IV symptoms of bipolar mania also observable in attention
deficit-hyperactivity disorder.
Adapted from ref 23: Wingo AP, Ghaemi SN. A systematic review of rates
in diagnostic validity of comorbid adult attention-deficit/hyperactivity dis-
order and bipolar disorder. J Clin Psychiatry. 2007;68:1776-1784.
Copyright © Physicians Postgraduate Press 2007; ref 68: Kent L, Craddock
N. Is there a relationship between attention deficit hyperactivity disorder
and bipolar disorder? J Affect Disord. 2003;73:211-221. Copyright ©
Elsevier 2003
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spective analysis, rates of treatment-emergent mania
were approximately twice as high when children who
met the modified DSM-IV diagnostic criteria for PBD
received antidepressants (44 %) compared with those
who received stimulants (18% ).’ When stimulants and
their potential effects on treatment-emergent manic
symptoms were analyzed, adolescents with a history of
treatment exposure prior to the onset of PBD had an
earlier age of onset than children without prior stimu-
lant exposure.”” Furthermore, DelBello and coworkers,
who carried out this study, showed that PBD-diagnosed
adolescents who had been receiving at least two differ-
ent stimulant medications were younger at onset com-
pared with patients who had received monotherapy
stimulant treatment. This suggests a possible cumulative
effect of stimulant-emergent manic states as a contex-
tual risk factor for later-onset BD." This finding is sup-
ported by other researchers, whose studies indicate that
prior treatment with antidepressants and/or stimulants
was associated with earlier bipolar diagnosis and who
compare these results to those of children who were
never exposed to these medications."! However, in view
of the limited sample sizes and methodological limita-
tions of these studies, these findings must be regarded as
far from definite. Furthermore, the diagnosis of juvenile
mania is often complicated by the clinical overlap of
PBD symptoms and ADHD symptoms.”? However, there
is also evidence not supporting this hypothesis.”!* In
view of the limited number of studies available, particu-
larly on developmental aspects, it is essential to tackle
the diagnostic challenges posed. If a patient with initial
ADHD symptoms and later hypomanic PBD-related
characteristics was not seen by his or her child and ado-
lescent psychiatrist during this hypomanic episode, the
patient could be classified as an “ADHD only” or “pure
ADHD” patient, because the comorbidity of PBD or the
shift from ADHD to PBD symptoms would not be
observed. Such cases could not only lead to distorted
diagnostic prevalence rates for PBD in clinical samples,
but also to a camouflage of the ADHD/PBD comorbid-
ity relationship. Further diagnostic factors such as biased
symptom reporting by parents and carers, which dilute
the observed effects, complicate matters further. In spite
of the methodological hurdles hindering the feasibility
of studies investigating the ADHD/PBD relationship,
future longitudinal research is vital to clarify the com-
plex diagnostic relationship between PBD and ADHD.
This would involve studies examining the early diagnos-
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tic assessment of children with PBD and/or ADHD
symptoms and later follow-up assessments along with
detailed documentation of the pharmacological treat-
ment received and other interventions employed. The
same concept can be transferred to adult patients with
ADHD and/or BD to examine whether treatment-emer-
gent bipolarity (mania in particular) in ADHD patients
may also produce higher diagnostic rates of BD. A com-
parison of such longitudinal results on adults with data
obtained from children and adolescents could also help
to determine whether a specific group of children and
adolescents with PBD and ADHD symptoms may be at
a specific risk of developing bipolar symptoms in ado-
lescence and later adulthood, and whether this risk could
be related to early exposure to stimulants and/or antide-
pressants. Such research could contribute to developing
concepts on how to identify those children and juveniles
at risk, and to develop strategies for prevention and
treatment.

Clinical aspects

In considering potential explanations for the co-occur-
rence of PBD with ADHD, it was proposed that the pres-
ence of PBD symptoms could lead to an artificial
increase in diagnostic rates for PBD in ADHD samples,
and that ADHD could be an early and prodromal man-
ifestation of PBD. This proposition was then linked with
the findings on treatment-emergent mania—mania trig-
gered by pharmacological treatment with stimulants
and/or antidepressants.’® Following this, it was proposed
that ADHD and its associated factors, such as treatment
with stimulants, may induce PBD symptoms, and that
PBD and ADHD could have an underlying common eti-
ology as regards genetic and neurobiological risk fac-
tors.” In a recent review analysis, Singh et al have pro-
vided evidence that individuals at risk of developing
ADHD symptoms may represent early prodromal states
of PBD, and that PBD with comorbid ADHD may con-
stitute a particular phenotype of early-onset disturbed
mood and impaired affective regulation referred to as
early PBD." However, these findings are far from defi-
nite, and the extent of comorbidity and the severity of
symptom overlap between ADHD and PBD is not yet
clear. Moreover, there are also nonoverlapping symp-
toms, as depicted in Figure 3.

Clarification on these issues is handicapped by the lack
of longitudinal data on developmental processes in juve-
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nile PBD, which can in part be put down to problems of
feasibility in investigations, one of which constitutes
patient recruitment for follow-up measures.

In research, the Child Behavior Checklist (CBCL) has
frequently been implemented as a tool for the diagnosis
of PBD. Biederman and colleagues introduced a partic-
ular profile within the CBCL characterized by elevated
scale-values of “Anxiousness/Depressiveness,” “Attention
Problems,” and “Aggression” scores discriminating chil-
dren with a diagnosis of PBD from those with ADHD
and those without ADHD or PBD.""" A CBCL-PBD
score can be produced from the sum of all three afore-
mentioned CBCL subscales, with a score of >225 predict-
ing PBD with a specifity of 97%."%%

It is noteworthy that longitudinal data investigating the
contextual framework of the CBCL-PBD profile produce
only limited evidence of the stability and outcome of this
pattern at the current stage. A recent study investigating
the diagnostic and functional trajectories of individuals
with the CBCL-PBD phenotype from early childhood
through to young adulthood showed that individuals
matching the outlined CBCL-PBD phenotype displayed
increased rates of suicidal thoughts and behaviors and psy-
chosocial impairments, and an increased risk of comorbid
anxiety, bipolar disorder, ADHD in young adulthood, and
cluster B personality disorders.”> However, diagnostic accu-

ADHD

Trouble organizing activities
Often forgetful in daily activities

Does not seem to listen when
spoken to directly
Dislikes things that take a lot of mental
effort for a long period of time
Does not follow instructions and failure to finish
schoolwork or duties in the workplace

Often loses things needed for
tasks and activities

racy was low for each of the outlined disorders, suggesting
that the CBCL-PBD phenotype has a stronger predictive
value for the classification of impairments and comorbid
symptoms but is weaker in predicting a particular diagno-
sis.” This finding is particularly instructive, as observed
symptom patterns represented in the CBCL do not repre-
sent distinct clinical diagnoses (ie, as outlined in DSM-1V).
To a certain extent this CBCL-PBD profile preponder-
ance of aggregated and overt symptoms related to a vari-
ety of disorders may be due to the contextual diversity of
symptoms which explain differing amounts of variance to
their respective disorders. This again underlines the need
for ongoing longitudinal research on the CBCL-PBD pro-
file and other operationally defined diagnostic and psycho-
metric measures.

However, it is noteworthy that symptoms shown in the
CBCL-PBD profile—such as problems with attention
and aggressive behavior—are ambiguous. Moreover, in
the realm of affective symptoms only the depressive
states in mood swings get some representation in the
CBCL-PBD score, which in turn raises the possibility of
potential manic mood swings being underrepresented
within the CBCL-PBD profile and not being covered by
elevated scores of attention problems.

The comorbidity of ADHD and BD in adults has also
been the subject of recent research. The overlap of ADHD

Bipolar mania

Less sleep

Feeling of grandiosity, inflated
self-esteem
Heightened goal-directed activity
Flight of ideas/experiencing
that thoughts are racing

Excessive involvement in pleasurable
activities with a high potential for
serious consequences

Figure 3. DSM-IV symptoms of attention deficit-hyperactivity disorder and bipolar mania not showing an overlap.
Adapted from ref 23: Wingo AP, Ghaemi SN. A systematic review of rates in diagnostic validity of comorbid adult attention-deficit/hyperactivity disorder and bipo-
lar disorder. J Clin Psychiatry. 2007;68:1776-1784. Copyright © Physicians Postgraduate Press 2007; ref 68: Kent L, Craddock N. Is there a relationship between
attention deficit hyperactivity disorder and bipolar disorder? J Affect Disord. 2003;73:211-221. Copyright © Elsevier 2003
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symptoms with those of bipolar mania such as increased
activity, restlessness, and increased and rapid talking may
also interfere with the process of obtaining a differential
diagnosis between these two disorders. However, because
of this the diagnosis of manic states in children and juve-
niles is frequently difficult,” so that at this stage the trans-
fer of findings related to the ADHD/BD comorbidity in
adults and their application to juveniles is highly problem-
atic. Despite this diagnostic, developmental, and phenom-
enological dilemma, some major differences between
ADHD and BD in adults mentioned by Wingo and
Ghaemi should be taken into consideration on the grounds
that ADHD symptoms tend to be chronic characteristics,
whilst bipolar mania refers to episodic states.” This specific
finding deserves careful consideration, once again empha-
sizing the need for ongoing longitudinal studies in popula-
tions of children and adolescents at risk for severe mood
dysregulation. Moreover, in contrast to mania in adult
patients with BD, productivity in patients with ADHD may
not be improved, as indexed by problems in daily working
life. Sleep disturbances would also be more likely to be
observed in bipolar patients.” Here again, in similarity to
children and juveniles, it has been argued that treatment
of ADHD with comorbid BD is challenging, in that treat-
ment-emergent mania and the exacerbation of bipolar
symptoms can occur while receiving treatment with stim-
ulants.”? A recent review article” comprising four studies
examining phenomenological aspects of ADHD and BD
in adults detected two significant levels of overlap between
these two disorders.”” One level was based on the over-
lap in DSM-IV symptoms for ADHD (ie, excessive talk-
ing, difficulties in sustaining attention or remaining seated,
blurting out answers before questions have been com-
pleted, etc).? A second level identified an overlap between
ADHD symptoms and bipolar mania, indexed by exces-
sive talking in bipolar mania and to a lesser extent in
ADHD, distractibility in BD as opposed to difficulties in
sustaining attention in ADHD, and increased activity and
physical restlessness in BD as opposed to hypermotoric
behavior in ADHD (for a summary see Wingo and
Ghaemi®). Two studies examining the course of illness
found an earlier age of onset in adults with ADHD and
comorbid BD compared with subjects with a single diag-
nosis of adult BD.*#* In consequence, studies investigating
the overlap in clinical symptom patterns of PBD and
ADHD should focus on potential developmental changes
demanding large longitudinal investigations from child-
hood through adolescence to later adulthood.
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Neuroimaging

For an investigation of the underlying neural components
and processes of affective regulation, the prefrontal cor-
tex (PFC) and the amygdala are of particular interest and
relevance for PBD.” With the neurotransmitter serotonin
(5-HT) in frontal brain areas being involved in the inhibi-
tion of amygdala activation, the serotonergic system holds
a significant position in the regulation of mood and behav-
ior. However, as cognitive disturbances in PBD have been
shown to arise regardless of illness stage or medication sta-
tus, the differentiation between affective and cognitive cir-
cuitries in PBD is a matter of considerable scientific rele-
vance in which the reciprocal connections of the PFC and
the amygdala are of particular interest.”* A recent review
analysis has supported this view, indicating that PBD could
be associated with abnormalities in a circuit comprising
the ventral PFC, the striatum, and the amygdala.®

A functional magnetic resonance imaging (fMRI) study
took the interplay between the neural circuitries under-
lying affective and cognitive dysfunctioning in patients
with PBD into account by employing a pediatric word-
matching paradigm with neutral, positive, or negative
valence. The results suggested that patients with PBD
showed greater activation of the bilateral pregenual ante-
rior cingulate cortex and the left amygdala for a negative
affect condition.” A diminished activation was detected
in the right rostral ventrolateral PFC.” This suggested
that disinhibition of emotional reactivity in the limbic
system and reduced PFC functioning—indexed by
reduced activity of the ventrolateral PFC accompanied
by increased activation of the amygdala under negative
stimuli—play a decisive role in PBD. However, this study
involved patients with a comorbid diagnosis of ADHD,
which prompts questioning on the diagnostic specifity of
these findings.” Furthermore, it was found that reduced
functioning of the PFC in adults with BD was accompa-
nied by increased amygdala reactivity.” An examination
of unsuccessful motor inhibition and neural circuitry in
patients with PBD showed that unmedicated children
with PBD exhibited lower bilateral striatal and right ven-
tral PFC activation compared with controls.” This study
did not permit an evaluation of the role of comorbid
ADHD, as a considerable number of patients with PBD
also had a diagnosis of ADHD.*

Functional imaging studies in patients with PBD and
comorbid ADHD which have neither controls with “pure
ADHD” nor with “pure PBD/early-onset BD” or



healthy subjects disregard a possible altered functioning
of prefrontal areas in ADHD, for which there is a consid-
erable body of evidence.*** Inhibition-mediating pre-
frontal regions appear to be reduced in ADHD, which in
turn may be related to affective processing.” A further
study exploring the comorbidity of PBD and ADHD has
suggested that adolescents with PBD and comorbid
ADHD have a diminished activation of prefrontal
regions compared with adolescents with pure PBD.*
However, the lack of studies involving large numbers of
patients with pure early-onset BD without ADHD as a
comorbid diagnosis makes further studies indispensable.
Recent research on the role of the neurotransmitter
5-HT showed that diminished 5-HT functioning in chil-
dren and adolescents with ADHD made low impulsive
patients behave aggressively when they were exposed to
a competitive paradigm provoking reactive aggression.
This finding could be related to those already mentioned
regarding hypofrontality in ADHD/PBD and reduced
5-HT availability. These studies should definitely be pur-
sued further.” Data existing to date do not answer ques-
tions pertaining to the possible extent of the effect the
abovementioned impairments of a potentially common
underlying circuitry may have on the diagnostic impact
of PBD and ADHD, respectively. Despite the fact that
pure PBD appears to be quite a rare diagnosis, future
research should focus on accurate diagnostic differenti-
ation between PBD, ADHD, PBD, and comorbid ADHD
with respect to age of onset, stage of illness, medication
status and history of psychotropic treatment, gender
issues, and above all, healthy controls.

Neurochemistry

Recent research has suggested that the susceptibility to
reaction time changes when the availability of the neuro-
transmitter 5-HT is reduced distinguishes adolescent
ADHD patients with the CBCL-PBD profile from
patients with ADHD without such a phenotype.* The
sample in this particular study was small, but the rapid
tryptophan depletion (RTD) method employed in this
investigation can be judged as highly specific in terms of
reduction of 5-HT brain synthesis. Moreover, the outlined
symptoms covered by the CBCL-PBD phenotype are
unspecific and are likely to be found in a whole range of
psychiatric disorders. Recent research on the role of the
neurotransmitter 5-HT, eg, pharmacological studies com-
prising selective serotonin reuptake inhibitor (SSRI)
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treatment, has suggested that depressive symptoms are
characterized by a hyposerotonergic state, whereas manic
symptoms may be related to increased central nervous
system availability of 5-HT.* This applies to drug-induced
manic states and treatment-emergent mania, especially
when on treatment with antidepressants. From a neuro-
chemical viewpoint, reduced central nervous availability
of 5-HT may have a beneficial therapeutic effect in acute
manic states. The involvement of the serotonergic neuro-
transmitter system in mood disorders and bipolar mania
suggests that the RTD procedure could be employed as
an add-on therapeutic challenge procedure.” The RTD
procedure was used recently with remitted manic patients
and indicated potential beneficial therapeutic effects of
RTD.*' Nevertheless, the clinical use of RTD has been
limited by its frequent side effects, such as vomiting and
nausea. A modification of the RTD procedure by Moja
and colleagues called Moja-De has recently been devel-
oped with a view to establishing acceptable tolerability
rates in children and adolescents with ADHD.*>"
Unfortunately, no clinical data are currently available for
the use of the RTD Moja-De procedure as an add-on
therapeutic challenge procedure in children suffering
from PBD and acute manic states, hypothesizing pediatric
bipolar mania in the sense of a potential hyperserotoner-
gic state. Further confirmation must be awaited.

Genetics

Evidence regarding the influence of age of onset may
have on bipolar symptoms suggests that the earlier the
onset of BD, the stronger the familial risk for relatives,
with three peaks of onset at 16.9,26.9, and 46.2 years,
respectively.”** The lack of adoption and twin studies for
PBD has meant that the heritability of PBD has not been
determined. Faraone et al” were not able to confirm that
transmission was mainly due to environmental influ-
ences. This is in accordance with the hypothesis of a non-
Mendelian major-gene inheritance accompanied by a
polygenic component.®5

A review analysis by Faraone et al bearing on the comor-
bidity of PBD with ADHD indicated that the prevalence
of BD was approximately twice as high in relatives of
patients with ADHD, as compared with the relatives of
control children.” Interestingly, the diagnostic frequency
of ADHD was about three times as high with children of
bipolar parents compared to the offspring of controls,
suggesting that ADHD can be associated with an
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increased risk for bipolarity of family members, but also
that BD increases the risk of ADHD in the family.”*®
The prevalence rate of roughly 22% for the diagnosis of
ADHD among relatives of patients with ADHD and
comorbid BD is about seven times as high as that for the
relatives of controls (3% ), whereas relatives of patients
with ADHD alone had diagnostic rates for pure ADHD
approximately five times as high as relatives of controls.”
The prevalence rates of BD were found to be much higher
in relatives of patients with ADHD and comorbid BD. In
contrast to the rates on ADHD prevalence, no significantly
enhanced risk for bipolarity was found regarding relatives
of patients with ADHD without bipolar symptoms.®
Finally, the prevalence of BD without comorbid ADHD
was not found to be higher in relatives of patients with
ADHD or ADHD and comorbid BD.* As Faraone et al
point out, these findings are far from being unquestion-
able; this can be put down to low prevalence rates of pure
BD as a single diagnosis without comorbid ADHD. This
in turn tends to support the hypothesis that BD and
ADHD possibly share underlying psychopathological
mechanisms.” Faraone and colleagues™ recommend two
pathways towards addressing the issue of familiality in BD
and ADHD. The first possibility might be that certain risk
alleles for BD and ADHD can be independently transmit-
ted, thus influencing the high comorbidity of BD and
ADHD:* Secondly, BD and ADHD may share a common
underlying psychopathological entity which can be trans-
mitted as a complex differing from BD and ADHD, but
still sharing some of the ADHD and BD symptoms.™
Faraone et al have undertaken a study on ADHD and
comorbid BD prevalence in relatives of ADHD patients
with and without BD including controls and their rela-
tives. The indication was that relatives of controls tended
to have no diagnosis of ADHD and comorbid BD,
whereas the ADHD/BD prevalence in relatives of
patients with the same diagnoses was 12% and the preva-
lence of ADHD/BD in relatives of patients with ADHD
was 2%.% According to Faraone et al, these findings pro-
vide preliminary evidence that ADHD and BD could
cosegregate through generations as a symptom complex,
thus sharing a potential underlying psychopathophysio-
logical mechanism.*

Summary

Epidemiological data suggest a high comorbidity of
ADHD with BD symptoms, whilst each disorder seems
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to increase the risk of the other, a factor supporting the
hypothesis that these two disorders are interrelated in
terms of common underlying psychopathological prop-
erties. However, in early-onset BD the role of comorbid
ADHD remains unclear with regard to developmental
aspects such as a possible shift in symptoms from PBD
to ADHD and vice versa. These are questions which
demand further longitudinal research. Future studies
should definitely focus on the longitudinal follow-up of
patients with pure early-onset BD, ADHD, ADHD, and
comorbid BD, and healthy controls (in combination with
genetic techniques) to investigate a possible common
underlying etiology of both disorders. The lack of avail-
able clinical data currently emphasizes the need for
ongoing research and, most importantly, longitudinal
data. To date it is not entirely clear whether children with
BD will develop bipolar symptoms in adulthood, and
classificatory divergences between the ICD-10 and the
DSM-1V should be taken into account when addressing
this question. Imaging data suggest changes in prefrontal
areas both in BD and ADHD; the neurochemical under-
pinnings of the hypofrontality outlined regarding both
disorders and associated cognitive and affective cir-
cuitries need to be subject of further investigations, par-
ticularly those involving patients with pure BD/PBD. The
neurochemical results on changes in 5-HT functioning
related to RTD are also only preliminary, with future
studies employing larger sample sizes being required, in
combination with imaging and genetic studies. Adoption
and twin studies could help to assess the heritability of
early-onset BD, which is uncertain to date. Consequently,
we have only preliminary evidence that common under-
lying psychopathophysiological processes in ADHD and
early-onset BD possibly influence such clinical phenom-
ena as attention problems accompanied by affective dys-
regulation, mood problems, and possibly covarying
aggression. Future research should further disentangle
the mutual relationship between ADHD and early-onset
BD, and identify it as a syndromal complex with a possi-
ble common psychopathophysiological entity. [
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Ursula Klein Foundation, and a travel stipend donated by the
GlaxoSmithKline Foundation. Previous research has also been funded by
the Dr August Scheidel Foundation.
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El trastorno por déficit de atencion con
hiperactividad y el trastorno bipolar de
inicio precoz: ;dos caras de una misma
entidad?

El trastorno bipolar de inicio precoz (TB) y el tras-
torno por déficit de atencion con hiperactividad
(TDAH) han sido recientemente motivo de un con-
trovertido debate, debido a las teorias basadas en
los procesos fisiopatoldgicos subyacentes y por el
traslape clinico de los sintomas. Los datos epidemio-
I6gicos, los aspectos clinicos, los estudios de neuroi-
mdgenes, neuroquimicos y genéticos sugieren que
podria haber una posible relacion entre los facto-
res bioldgicos y las caracteristicas clinicas en el desa-
rrollo de los sintomas. Sin embargo, actualmente
no se cuenta con datos longitudinales que susten-
ten la hipdtesis de un cambio diagndstico desde los
sintomas de BP a TDAH y viceversa. Estos estudios
serian esenciales para facilitar nuevas investigacio-
nes que permitan evaluar si es posible que estos dos
trastornos representen dos aspectos diferentes de
una misma entidad psicofisiopatoldgica comun sub-
yacente.

Trouble hyperactivité-déficit de I'attention
et trouble bipolaire d’installation précoce :
deux facettes d’'une méme entité ?

Les troubles bipolaires (TB) de début précoce et les
troubles hyperactivité-déficit de [‘attention
(THADA) ont réecemment fait I'objet d’un débat tres
controversé au sujet des hypothéses de leurs méca-
nismes physiopathologiques et d’un possible che-
vauchement clinique de leurs symptémes. Les don-
nées épidémiologiques, les aspects cliniques, les
études de neuro-imagerie, neurochimiques et géné-
tiques suggérent une éventuelle relation entre des
facteurs biologiques et des caractéristiques cliniques
dans le développement des symptémes. Cependant,
il n‘existe pas actuellement de données longitudi-
nales en faveur de I’hypothése d’un glissement dia-
gnostique des symptémes de TB vers les symptémes
de THADA et vice versa. Ces données seraient pour-
tant nécessaires avant la réalisation d’autres études
sur la représentation possible par ces deux troubles
de deux aspects différents d’une entité psycho-phy-
sio-pathologique commune.

REFERENCES

1. Holtmann M, Goth K, Waockel L, Poustka F, Bolte S. CBCL-pediatric
bipolar disorder phenotype: severe ADHD or bipolar disorder? J Neural
Transm. 2008;115:155-161.

2. Kowatch RA, Youngstorm EA, Danielyan A, Findling RL. Review and
meta-analysis of the phenomenology and clinical characteristics of mania
in children and adolescents. Bipolar Disord. 2005;4:483-496.

3. Geller B, Zimerman B, Williams M, et al. DSM-IV mania symptoms in a
prepubertal and early onset bipolar disorder phenotype compared to
attention-deficit hyperactive and normal controls. J Child Adolesc
Psychopharmacol. 2002;12:11-25.

4. Hunt JL, Dyl J, Armstrong L, Litvin E, Sheeran T, Spirito A. Frequency
of manic symptoms and bipolar disorder in psychiatrically hospitalized
adolescents using the K-SADS Mania Rating Scale. J Child Adolesc
Psychopharmacol. 2005;15:918-930.

5. Youngstrom E, Youngstrom JK, Starr M. Bipolar diagnoses in commu-
nity mental health: Achenbach Child Behavior Checklist profiles and pat-
terns of comorbidity. Biol Psychiatry. 2005;58:569-575.

6. Meyer T, KoBmann-Béhm S, Schlottke P. Do child psychiatrists in
Germany diagnose bipolar disorders in children and adolescents? Bipolar
Disord. 2004;5:426-431.

7. Soutullo CA, Chang KD, Diez-Suarez A, et al. Bipolar disorder in chil-
dren and adolescents: international perspective on epidemiology and
phenomenology. Bipolar Disord. 2005;7:497-506.

8. Reichart CG, Nolen WA. Earlier onset of bipolar disorder in children
by antidepressants or stimulants? An hypothesis. J Affect Disord.
2004;78:81-84.

9. Faedda GL, Baldessarini RJ, Glovinsky IP, Austin NB. Treatment-emer-
gent mania in pediatric bipolar disorder: a retrospective case review. J
Affect Disord. 2004;82:149-158.

70

10. DelBello MP, Soutullo CA, Hendricks W, Niemeier RT, McElroy SL,
Strakowski SM. Prior stimulant treatment in adolescents with bipolar dis-
order: association with age at onset. Bipolar Disord. 2001;3:53-57.

11. Cicero D, El-Mallakh RS, Holman J, Roberston J. Antidepressant expo-
sure in bipolar children. Psychiatry. 2003;66:317-322.

12. Biederman J, Klein RG, Pine DS, Klein DF. Resolved: mania is mistaken
for ADHD in prepubertal children. J/ Am Acad Child Adolesc Psychiatry.
1998;37:1091-1096.

13. Carlson CA, Loney J, Salisbury H, Kramer JR, Arthur C. Stimulant treat-
ment in young boys with symptoms suggesting childhood mania: a report
from a longitudinal study. J Child Adolesc Psychopharmacol. 2000;10:175-184.
14. Galanter CA, Carlson GA, Jensen PS, et al. Response to
methylphenidate in children with attention deficit hyperactivity disorder
and manic symptoms in the multimodal treatment study of children with
attention deficit hyperactivity disorder titration trial. J Child Adolesc
Psychopharmacol. 2003;13:123-136.

15. Singh MK, DelBello MP, Kowatch RA, Strakowski SM. Co-occurrence
of bipolar and attention-deficit/hyperactivity disorders in children. Bipolar
Disord. 2006;8:710-720.

16. Achenbach TM. Manual for the Child Behavior Checklist/4-18 and 1991
Profile. Burlington, VT: University of Vermont; 1991.

17. Biederman J, Wozniak J, Kiely K, et al. CBCL clinical scales discriminate
prepubertal children with structured interview-derived diagnosis of
mania from those with ADHD. J Am Acad Child Adolesc Psychiatry.
1995;34:464-471.

18. Hudziak JJ, Althoff RR, Derks EM, Faraone SV, Boomsma DI.
Prevalence and genetic architecture of child behavior checklist-juvenile
bipolar disorder. Biol Psychiatry. 2005;58:562-568.

19. Althoff RR, Rettew DC, Faraone SV, Boomsma DI, Hudziak JJ. Latent
class analysis shows strong heritability of the Child Behavior Checklist-
juvenile bipolar disorder phenotype. Biol Psychiatry. 2006;60:903-911.



ADHD and early-onset BD - Zepf

Dialogues in Clinical Neuroscience - Vol 11+ No. I - 2009

20. Faraone SV, Althoff RR, Hudziak JJ, Monuteaux M, Biederman J. The
CBCL predicts DSM bipolar disorder in children: a receiver operating char-
acteristic curve analysis. Bipolar Disord. 2005;7:518-524.

21. Meyer SE, Carlson GA, Youngstrom E, et al. Long-term outcomes of
youth who manifested the CBCL-Pediatric Bipolar Disorder Phenotype dur-
ing childhood and/or adolescence. J Affect Disord. 2009;113:227-233.

22. Wingo AP, Ghaemi SN. A systematic review of rates in diagnostic valid-
ity of comorbid adult attention-deficit/hyperactivity disorder and bipolar
disorder. J Clin Psychiatry. 2007;68:1776-1784.

23. Milberger S, Biederman J, Faraone SV, Murphy J, Tsuang MT.
Attention deficit hyperactivity disorder and comorbid disorders: issues of
overlapping symptoms. Am J Psychiatry. 1995;151:1793-1799.

24. Nierenberg AA, Miyahara S, Spencer T, Wisniewski SR, Otto MW,
Simon N, Pollack MH, Ostacher MJ, Yan L, Siegel R, Sachs GS, STEP-BD
Investigators. Clinical and diagnostic implications of lifetime attention-
deficit/hyperactivity disorder comorbidity in adults with bipolar disorder.
Biol Psychiatry. 2005;57:1467-1473.

25. Tamam L, Tuglu C, Karatas G, Adult attention-deficit/hyperactivity dis-
order in patients with bipolar | disorder in remission: preliminary study.
Psychiatry Clin Neurosci. 2006;60:480-485.

26. Wilens TE, Biederman J, Wozniak J. Can adults with attention-
deficit/hyperactivity disorder be distinguished from those with comorbid
bipolar disorder? Findings from a sample of clinically referred adults. Bio/
Psychiatry. 2003;54:1-8.

27. Pavuluri MN, Herbener ES, Sweeney JA. Affect regulation: a systems
neuroscience perspective. Neuropsychiatr Dis Treat. 2005;1:9-15.

28. Dickstein DP, Treland JE, Snow J, et al. Neuropsychological perfor-
mance in pediatric bipolar disorder. Biol Psychiatry. 2004;55:32-39.

20. Pavuluri MN, Schenkel LS, Aryal S, et al. Neurocognitive function in
unmedicated manic and medicated euthymic pediatric bipolar patients.
Am J Psychiatry. 2006;163:286-293.

30. Serene JA, Ashtari M, Szeszko PR, Kumra S. Neuroimaging studies of
children with serious emotional disturbances: a selective review. Can J
Psychiatry. 2007;52:135-145.

31. Pavuluri MN, O’Connor MM, Harral EM, Sweeney JA. An fMRI study
on the interface between affective and cognitive neural circuitry in pedi-
atric bipolar disorder. Psychiatry Res. 2008;162:244-255.

32. Yurgelun-Todd DA, Gruber SA, Kanayama G, Killgore WD, Baird AA,
Young AD. FMRI during affect discrimination in bipolar affective disorder.
Bipolar Disord. 2000;2:237-284.

33. Leibenluft E, Rich BA, Vinton DT, et al. Neural circuitry engaged dur-
ing unsuccessful motor inhibition in pediatric bipolar disorder. Am J
Psychiatry. 2007;164:52-60.

34. Dickstein SG, Bannon K, Castellanos FX, Milham MP. The neural corre-
lates of attention deficit hyperactivity disorder: an ALE meta-analysis. J
Child Psychol Psychiatry. 2006;47:1051-1062.

35. Durston S, Mulder M, Casey BJ, Ziermans T, van Engeland H.
Activation in ventral prefrontal cortex is sensitive to genetic vulnerability
for attention-deficit hyperactivity disorder. Biol Psychiatry. 2006;60:1062-
1070.

36. Fallgatter AJ, Ehlis AC, Rosler M, Strik WK, Blocher D, Herrmann JM.
Diminished prefrontal brain function in adults with psychopathology in
childhood related to attention deficit hyperactivity disorder. Psychiatry Res.
2005;138:157-169.

37. Mulder MJ, Baeyens D, Davidson MC, et al. Familial vulnerability to
ADHD affects activity in the cerebellum in addition to the prefrontal sys-
tems. J Am Acad Child Adolesc Psychiatry. 2008;47:68-75.

38. Rubia K, Smith AB, Brammer MJ, Toone B, Taylor E. Abnormal brain
activation during inhibition and error detection in medication-naive ado-
lescents with ADHD. Am J Psychiatry. 2005;162:1067-1075.

39. Sheridan MA, Hinshaw S, D’Esposito M. Efficiency of the prefrontal
cortex during working memory in attention-deficit/hyperactivity disorder.
J Am Acad Child Adolesc Psychiatry. 2007,46:1357-1366.

40. Smith AB, Taylor E, Brammer M, Halari R, Rubia K. Reduced activa-
tion in right lateral prefrontal cortex and anterior cingulate gyrus in
medication-naive adolescents with attention deficit hyperactivity disor-
der during time discrimination. J Child Psychol Psychiatry. 2008;49:977-
985.

71

41. Smith AB, Taylor E, Brammer M, Toone B, Rubia K. Task-specific
hypoactivation in prefrontal and temporoparietal brain regions during
motor inhibition and task switching in medication-naive children and ado-
lescents with attention deficit hyperactivity disorder. Am J Psychiatry.
2006;163:1044-1051.

42. Zang YF, Jin Z, Weng XC, et al. Functional MRI in attention-deficit
hyperactivity disorder: evidence for hypofrontality. Brain Dev. 2005;27:544-
550.

43. Rubia K, Halari R, Smith AB, et al. Dissociated functional brain abnor-
malities of inhibition in boys with pure conduct disorder and in boys with
pure attention deficit hyperactivity disorder. Am J Psychiatry. 2008;165:889-
897.

44, Adler CM, Delbello MP, Mills NP, Schmithorst V, Holland S, Strakowski
SM. Comorbid ADHD is associated with altered patterns of neuronal acti-
vation in adolescents with bipolar disorder performing a simple attention
task. Bipolar Disord. 2005;7:577-588.

45. Zepf FD, Stadler C, Demisch L, Schmitt M, Landgraf M, Poustka F.
Serotonergic functioning and trait-impulsivity in attention-deficit/hyper-
activity-disordered boys (ADHD): influence of rapid tryptophan depletion.
Hum Psychopharmacol Clin Exp. 2008;23:43-51.

46. Zepf FD, Wockel L, Poustka F, Holtmann M. Diminished 5-HT function-
ing in CBCL pediatric bipolar disorder profiled ADHD patients vs. normal
ADHD: susceptibility to rapid tryptophan depletion influences reaction
time performance. Hum Psychopharmacol Clin Exp. 2008;23:291-299.

47. Taylor MJ, Freemantle N, Geddes JR, Ozcan S. Bhagwager Z. Early
onset of selective serotonin reuptake inhibitor antidepressant action: sys-
tematic review and meta-analysis. Arch Gen Psychiatry. 2007;63:1217-1223.
48. Zepf FD, Wockel L, Poustka F, Holtmann M. Dietary tryptophan deple-
tion according to body weight - a new treatment option in acute mania?
Med Hypotheses. 2009;72:47-48.

49. Cassidy F, Murry E, Carroll BJ. Tryptophan depletion in recently manic
patients treated with lithium. Biol Psychiatry. 1998;43:230-232.

50. Cappiello A, Sernyak MJ, Malison RT, McDougle CJ, Heninger GR, Price
LH. Effects of acute tryptophan depletion in lithium-remitted manic
patients: a pilot study. Biol Psychiatry. 1997;42:1076-1078.

51. Moja EA, Stoff DM, Gessa GL, Castoldi D, Assereto R, Tofanetti O.
Decrease in plasma tryptophan after tryptophan-free amino acid mixtures
in man. Life Sci. 1988;42:1551-1556.

52. Zepf FD, Holtmann M, Stadler C, Schmitt M, Poustka F. Diminished sero-
tonergic functioning in hostile children with ADHD: tryptophan depletion
increases behavioural inhibition. Pharmacopsychiatry. 2008;41:60-65.

53. Zepf FD, Holtmann M, Waockel L, Stadler C, Poustka F. Reduced sero-
tonergic functioning changes heart rate in ADHD. J Neural Transm.
2009;116:89-95.

54. Zepf FD, Holtmann M, Stadler C, Magnus S, Waockel L, Poustka F.
Diminished 5-HT neurotransmission and mood self-ratings in children and
adolescents with ADHD - No clear effect of rapid tryptophan depletion.
Hum Psychopharmacol Clin Exp. 2009;24:87-94.

55. Zepf FD, Poustka F. 5-HT functioning and aggression in children with
ADHD and disruptive behavior disorders. Hum Psychopharmacol Clin Exp.
2008;23:438.

56. Zepf FD, Holtmann M, Poustka F, Wockel, L. The role of serotonin in
viral hepatitis - Depletion of plasma tryptophan as a potential option to
reduce virus persistence and immunopathology? Med Hypotheses.
2009;72:47-48.

57. Bellivier F, Golmard J, Henry C, Leboyer M, Schurhoff F. Admixture
analysis of age at onset in bipolar | affective disorder. Arch Gen Psychiatry.
2001;58:510-512.

58. Faraone SV, Glatt SJ, Tsuang MT. The genetics of pediatric-onset bipo-
lar disorder. Biol Psychiatry. 2003;53:970-977.

59. Pauls DL, Morton LA, Egeland JA. Risks of affective illness among first
degree relatives of bipolar | old-order Amish probands. Arch Gen Psychiatry.
1992;49:703-708.

60. Rice J, Reich T, Andreasen NC, Endicott J, Van Eerdewegh M, Fishman
R. The familial transmission of bipolar illness. Arch Gen Psychiatry.
1987,44:441-447.

61. Spitzer RL, Endicott J, Ronins E. Research diagnostic criteria: Rationale
and reliability. Arch Gen Psychiatry. 1978;35:773-782.



Clinical research

62. Tsuang MT, Faraone SV. The Genetics of Mood Disorders. Baltimore, MD:
The John Hopkins University Press; 1990.

63. Todd R, Neuman R, Geller B, Fox L, Hickok J. Genetic studies of affec-
tive disorders: Should we be starting with childhood onset probands? /Am
Acad Child Adolesc Psychiatry. 1993;32:1164-1171.

64. Grigoroiu-Sebanescu M, Martinez M, Nothen MM, et al. Different
familial transmission patterns in bipolar | disorder with onset before and
after age 25. Am J Med Genet. 2001;105:765-773.

12

65. Faraone SV, Biederman J, Mennin D, Wozniak J, Spencer T. Attention-
deficit hyperactivity disorder with bipolar disorder: a familial subtype?
J Am Acad Child Adolesc Psychiatry. 1997;36:1378-1387, discussion 1387-1390.
66. Faraone SV, Biederman J, Mick E, Doyle AE, Wilens T, Spencer T. A fam-
ily study of psychiatric comorbidity in girls and boys with attention-deficit
hyperactivity disorder. Biol Psychiatry. 2001;50:586-592.

67. Kent L, Craddock N. Is there a relationship between attention deficit
hyperactivity disorder and bipolar disorder? J Affect Disord. 2003;73:211-221.





