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T

he clinical and diagnostic debate circulating pediatric bipolar disorder (PBD) has been highlighted
as one of the most controversial themes in child psychiatry. With atypical symptomatic expression,
constituting its predominant diagnostic discrepancy, PBD is manifested through prolonged manic
episodes and affective storms, lacking the symptomatic cycling and episodic nature presented in
adult BD. Apart from its unique clinical presentation, the substantial symptomatic overlap with attentiondeficit hyperactivity disorder (ADHD) indicate an important diagnostic challenge in PBD. Specifically, both
disorders share core characteristics such as irritability, hyperactivity, excessive talking and distractibility.
Against this background of findings on the overlapping symptomatology between PBD and ADHD, current
research guidelines highlight the need of exploring non-symptomatic markers as potential clinical phenotypes. Especially in disorders with distinctive biologic underpinnings, both clinicians and researchers have
shown increased interest in establishing neuropsychological profiles. Recent neuropsychological studies
indicated the distinct nature of neurocognitive deficits in PBD, describing impairments in various cognitive
skills during acute episodes phases, while this severe deterioration of cognitive deficits appears to persist
even during euthymic states. Regarding neuropsychological assessment in AHD, recent findings suggested
dysfunctions in the domains of working memory, verbal memory and response inhibition. Furthermore,
neuroimaging studies are fast becoming a key instrument to establish distinct neuropsychological profiles
for PBD and ADHD. A large number of neuroimaging studies have indicated abnormalities in limbic, cortical
and subcortical brain systems, while meta-analytic findings of voxel based morphometric studies highlight
abnormalities in dorsolateral and lateral orbitofrontal-temporal areas in PBD. In recent neuroimaging findings with focus on neurocognitive performance during an emotional Stroop task, patients diagnosed with
ADHD indicated activation on higher cortical centres associated with processing speed and significantly
decreased role of sustained attention. Furthermore, these findings suggest emotional regulation and inhibitory control are moderately intercorrelated, adding more complexity to the theme of neurocognitive
deficits in ADHD. These observations on the neurobiological mechanisms of cognitive impairments in PBD
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appear to provide robust evidence on a potential specific neuropsychological profile of PBD, the relashionship between mood states and neuropsychological functioning, and the link between emotion generation
and regulation in children with PBD.
Key words: Bipolar disorder, attention-deficit hyperactivity disorder, neuropsychological assessment, diagnosis.

Introduction
Over the past decades, rapid advances have been
witnessed in the field of pediatric bipolar disorder
(PBD). The predominant view that PBD is almost
non-existent has been challenged by a considerable
amount of case reports and case series.1–6 However,
difficulties arose regarding the diagnostic profile of
children with PBD. As noted by Weller,7 PBD may be
common among referred children with severe psychopathology but it is also associated with several
diagnostic discrepancies.
These difficulties in the diagnosis of PBD were the
primary focus of related research in later years. PBD
is characterized as atypical in comparison with bipolar disorder (BD) in adults8 since its clinical course
is manifested through continuous affective storms
and prolonged manic and irritable manic outbursts,
in contrast with the regular fluctuation and/or rapid
cycling between mood states in adults diagnosed
with BD.9–10 Although a growing body of current research provides substantial evidence in overcoming
the phenomenological and clinical disagreements of
PBD,11–12 there is an increasing concern about a specific diagnostic issue that appears to regulate the establishment of PBD. In particular, the symptom overlap between PBD and attention-deficit hyperactivity
disorder (ADHD) has become a new issue for debate
between clinicians and researchers.13
Symptomatic overlap in PBD and ADHD
The debate concerning PBD and ADHD has attracted growing attention for various reasons. In terms of
clinical course, PBD and ADHD indicate an amassing
overlap of symptoms. Although pivotal clinical characteristics of PBD such as chronic and continuous
severe irritability and prolonged aggressive temper
outbursts appear to form a distinct diagnostic type,
various systematic studies of children and adolescents
show that rates of ADHD range from 60% to 90% in
children diagnosed with PBD.14–15 Moreover, PBD and

ADHD share core characteristics such as excessive
talking, hyperactivity, inappropriate actions and verbal responses in social situations, lack of inhibition,
and distractibility; it is of great importance that these
symptoms are common in both manic and hypomanic phases of PBD.16 Furthermore, chronic irritability,
one of the hallmark features of childhood mania, is
transparently manifested through emotional liability
and low frustration tolerance in ADHD.9,16 A striking
finding is that even when eliminating the overlapping
items of PBD, the diagnosis of mania is still plausible
while in case of eliminating overlapping symptoms of
ADHD, such as inattention, hyperactivity, impulsiveness, and irritability are eliminated, the disorder itself
disappears.17 This paradox is also indicated by the
fluctuation of the prevalence rates for PBD. According
to recent meta-analytic findings based on outpatient and inpatient samples, prevalence rates of PBD
range from 0% in the UK, 0.006% in Finland, 1.2% in
Denmark, 1.9% in the Netherlands, 4% in Spain, 4.2%
in India and 6% in the US18. Consequently, the PBD
spectrum which includes bipolar I, bipolar II and cyclothymic disorder affects between 0% and 6% of
children in general population, averaging 1.8% worldwide18–19 while ADHD is far more common, averaging
in 5.3%.20 These contradictory findings are reflected
on the true comorbidity estimates for both disorders,
excluding overlapping symptoms with 2% of ADHD
cases would be expected to have PBD, 8% of PBD cases would have ADHD symptoms while only 3 in 2.000
children would have both disorders.21 Another finding
that adds to the general confusion is that the rates of
comorbidity tend to be elevated exclusively in clinical
populations.22
Diagnostic discrepancies in PDB and ADHD
In light of recent findings regarding the ADHD
symptoms in PBD, diagnosis of the latter is becoming increasingly difficult in children. Although a considerable amount of literature has already grown up
on psychopathological comorbidity in children,23–24
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the debate on PBD has gained fresh prominence
with the comorbid symptoms of PBD and ADHD25.
In terms of diagnosis, one major issue that dominates
the debate is the overlapping nature of the diagnostic criteria for PBD and ADHD, which heavily relies on
irritability and distractibility.16,26 Despite being one of
the most prominent symptoms of mania or hypomania at all ages, distractibility is of little utility in differential diagnosis in children because of its ubiquity
across a considerable amount of childhood onset
disorders such as major depressive disorder, ADHD,
oppositional defiant/conduct disorders.15
In an attempt to resolve the problem of overlapping
symptoms, various approaches have been adapted. In
particular, it is speculated that ADHD might constitute
a prodromal for PBD.27 However, while epidemiological studies indicate that an earlier onset for ADHD may
be a precursor for PBD, longitudinal studies of cohorts
with ADHD have found that only a limited amount
of ADHD cases were lately diagnosed with PBD28.
Moreover, a considerable number of adults with BD
never received a prior ADHD diagnosis.22 Furthermore,
there is a notion that surveillance or referral biases
have substantial impact on clinical findings of PBD.
In particular, in a study conducted by Wozniak,9 all of
cases ascertained from an ADHD clinical department
also met criteria for PBD. In contrast, recent findings
on cohort studies suggested significantly lower comorbidity rates between PBD and ADHD, indicating
that the high estimate was due to recruitment patterns. For example, overrepresentation of boys in clinical samples is associated with more severe disruptive
behavior and consequent predominant manic symptoms.29 Furthermore, various potential confounders
may account for our distorted clinical image about the
comorbidity between PBD and ADHD. Specifically, hypomanic children are commonly under-represented
in clinical samples since hypomanic symptoms do not
constitute dysfunctional attitudes to motivate help
seeking.30 In addition, training and conceptualization
differences between structured and semi-structured
interviews used in pediatric and juvenile clinical samples, indicate an inadequate protection against referral and surveillance biases. What is surprising is that
disagreements among clinicians remain even when
predominant manic symptoms are evident in videotaped interviews or in identical case reports.31–32
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Neuropsychological impairments
in PBD and ADHD
Against this background of findings on overlapping
features, empirical studies intending to disentangle
PBD and ADHD through direct comparison are still
sparse. The majority of current research has solely focused on the clinical differences in patients with comorbid PBD and ADHD or in children diagnosed with
either PBD or ADHD. Remarkably, although empirical
findings of neuropsychological impairments in PBD
and ADHD indicate neurobiological differences between these disorders, neuropsychological studies
contrasting PBD and ADHD are also lacking.
It is nowadays well established that various cognitive functions are impaired in children diagnosed with
PBD.33 In particular, recent neuropsychological studies
highlighted the pervasive and severe nature of cognitive impairments in acute episode phases.34,35 What is
of great interest is that these deficits appear to persist even during euthymic states.36,37 A meta-analysis
conducted by Walshaw38 including a large number
of studies over the past two decades, indicated that
children with PBD present deficits on various standardized neuropsychological measures, with significantly worse performance in executive function and
verbal learning tasks. In accordance to previous findings, these deficits persist despite any bipolar symptom reduction.39 Moreover, according to these metaanalytic findings, euthymic states are characterized by
moderate levels of neuropsychological impairment,
with specific deficits in verbal learning and memory.
Deficits in executive functions, such as response inhibition and set shifting, are also among the main neurocognitive impairments in euthymic bipolar populations.40 In contrast, only a subset of neurocognitive
functions, such as visual memory, phonemic fluency,
and motor skills, is associated with worse performance
during acute episodes of the disorder.41
Regarding ADHD, existing neuropsychological research suggested impairments in processing
speed, motor speed, verbal declarative memory.42,43
Moreover, executive functions, such as working
memory and set-shifting, were found to suffer the
most.44 A key point to neuropsychological profile
of ADHD is the developmental nature of these cognitive dysfunctions. As highlighted in longitudinal
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studies, these deficits are persistent and stable.45,46
Furthermore, the presence of stable brain abnormalities in children with ADHD supports the possibility for impaired neuropsychological performance
in adult life.47 In terms of differences between ADHD
subtypes, evidence suggests that both the inattentive and combined types share the same core deficits in executive functions, with the exception of response inhibition, in which a possible distinguishable
profile was found in boys with the combined type.48
Neuropsychological profiling
as a diagnostic adjunctive?
It has been established now that neurocognitive
impairments in the bipolar spectrum are not moderated by temporary functional changes and are associated with stable functional alterations of specific
neural networks.49 Consequently, various neurocognitive deficits, such as sustained attention, working
and verbal memory, verbal and cognitive flexibility,
have been reported in all age, manic and depressive,
bipolar populations. Moreover, these findings suggest differences between the neurocognitive profiles
of PBD and ADHD. In particular, children diagnosed
with BD present a specific pattern of impairments in
inference control, set-shifting and sustained attention, while children with ADHD are mostly impaired
in verbal and spatial working memory and phonemic
verbal fluency. 38 Moreover, it is of great importance
that these findings are in line with reported neurocognitive deficits in adult populations. In specific,
studies suggest significantly poor performance in interference scores on the Stroop task and substantially more perseverative errors on the Winscoscin Card
Sorting Test (WCST) of BD adults in comparison with
healthy controls,50,51 while studies in the adult ADHD
provide robust evidence on poor performance in
working memory and phonemic fluency tasks. 52,53
Based on this agreement between neurocognitive
findings in juvenile and adult populations diagnosed
with BD or ADHD, Walshaw38 states that “evidence
for distinctive profiles of neurocognitive functions in
these disorders exists”. However, the concept of disentangling PBD from ADHD based on neurocognitive performance still needs to be established. In particular, the issue of the relationship between mood
states and cognitive deficits in PBD provides a fruitful challenge for clinicians and researchers.
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Neuroimaging evidence in PBD and ADHD
In light of these advances, neuroimaging studies
are fast becoming a key instrument to resolve various limitations in neurocognitive research in BD. A
substantial amount of neuroimaging studies has indicated abnormalities in limbic, cortical and subcortical brain systems,54 while meta-analytic findings of
voxel based morphometric studies highlight abnormalities in dorsolateral and lateral orbitofrontal-temporal areas (DLPFC) in clinical populations diagnosed
with BD. A striking finding is that these brain systemic abnormalities are associated with dysfunctional
patterns of neural activation and suggest symptomspecific neurocognitive deficits in bipolar patients. In
particular, depression-associated cognitive deficits
in BD result from either limbic activation with hypometabolism of the DLPFC or hypo-activation of the
ventral anterior cingulate (vACC), which accounts for
hypo-arousal and anhedonia.41 In contrast, maniclike symptoms are expressed through increased
activity of the left hemisphere prefrontal corticalsubcortical system and suggest heightened distractibility and behavioural dysregulation.55 Concerning
neural activation differences between euthymic
states and mood episodes, decreased performance
on Stroop tasks highlights the role of ventral prefrontal cortex (vmPFC). When compared to a euthymic
group, patients with mania present blunted activation on the right side of PFC while patients with bipolar depression exhibit substantial increase on the
left side of the PFC.56 Furthermore, during workingmemory tasks, adolescent BD patients present significant activation of the anterior cingulate cortex
(ACC), DLPFC and inferior frontal PFC in comparison
with the reported hypo-activation in the same regions. 57 In terms of performance during decisionmaking tasks, patients during manic episodes, have
shown increased activation in dorsal ACC (dACC)
along with concurrent hypo-arousal of the right PFC.
Accordingly, dACC activation has been reportedly
moderated by the severity of the manic episode.58
While these neuroimaging and neurocognitive
results appear to establish a phenotypic profile for
emotion regulation patterns in BD, empirical studies in the same context for patients diagnosed with
ADHD indicate significant inconsistencies. In particular, despite dysfunctions in the medial and ventrolat-
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eral prefrontal cortex are common in ADHD and BD,
the localized circuits responsible for emotion regulation in ADHD appear to be not disorder-specific,
since they are also met in disorders such as oppositional defiance disorder, conduct disorder and major depressive disorder.59 Moreover, questions have
been raised about the role of deficient executive
inhibitory control, which is regarded as the hallmark
feature of impaired emotion generation and regulation in ADHD. Specifically, in recent neuroimaging
findings which focused in neurocognitive performance during an emotional Stroop task, patients
diagnosed with ADHD showed activation on higher
cortical centers associated with processing speed
and a significantly decreased role of sustained attention60. However, the most substantial drawback in
the identification of specific neurocognitive patterns
for emotion regulation in ADHD is the existing ambiguity over the predominance of the clinical course
of cognitive functioning. In particular, contradicting
findings in neuroimaging studies suggest that the
link between cognition and emotion, is mediated by
the clinical course of ADHD.24 Although there is a notion that this link also indicates a reverse sequence,
the basic premise of neural activity in ADHD is best
described by predominant impairments in more lateral prefrontal regions, which fluctuate according to
the general clinical course of the disorder itself.61
Perspectives in neurocognitive
and neuroimaging research
in PBD and ADHD
The current psychiatric research paradigm that
seeks to identify neurocognitive models to understand associations between neurobiological dysfunctions, cognitive impairments and clinical symptoms, is gradually changing. Given these neuroimaging and neurocognitive findings, the term “neuroprogression” has been proposed as it encompasses
the interplay between neurocognitive and clinical
deterioration in PBD.62 This conceptualization is supported by findings of reductions in the volume of the
corpus callosum and left hippocampus, concurrent
increased ventricle volumes, persistent hyper-activation or hypo-activation in ventromedial and dorsolateral prefrontal cortices in patients with earlieronset and multiple mood episodes compared with
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single-episode populations and later-onset of the
disorder.63 In similar fashion, findings from longitudinal studies on neurocognitive performance in PBD
report that the number of previous manic episodes
and successive mood episodes are associated with
progressive decline in sustained attention, processing speed and verbal memory.64 It is of great interest
that trajectory of functional impairment is evident as
early as the prodromal phase of PBD.65 Three candidate biological mechanisms have been identified as
potential mediators to the neuroprogressive features
of BD: neuroplasticity, oxidative stress, and inflammation.66 Accounting for neuroplasticity and oxidative stress, brain-derived neurotrophic factor (BDNF)
levels are significantly decreased during acute mood
episodes,67 while elevated DNA oxidation and shortened telomeres are associated with increased frequency of episodes respectively.68 Regarding inflammation, BD patients show substantial differences
in various chemokines and cytokines, and present
with increased levels of interleukin (IL)-6 during the
late stages of the disorder.69,70 In contrast with the
uni-modal conceptualization of neuroprogression
in BD, dual-pathway models, associated with brain
abnormalities and subsequent neurocognitive deficits, have been proposed in ADHD.71 Based on neuroimaging findings highlighting abnormalities in the
reward system (ventral striatum, orbitofrontal cortex) and executive control (lateral medial prefrontal
cortices), the dual-pathway models suggest singlecognitive-deficit explanations for different brain
systems.72 By highlighting neurocognitively defined
pathways, fMRI-measured sampling appears to formulate a powerful toolbox for identifying biomarkers within the neurocognitive profile of ADHD.
Despite the advances in the field of neuroimaging
in PBD and ADHD, the utility of brain imaging in clinical practice has been hindered by low specificity and
sensitivity due to its reliance on group-level statistics. Furthermore, the main criticism targeted at the
neuroprogressive model in PBD and dual-pathway
model in ADHD is the potential omission of symptomatic subgroups associated with varying degrees
of clinical symptoms, demographics and genetic factors.73 In light of those limitations, machine learning
(ML) combines neuroimaging with pattern identification approaches and tests predictive models in
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large samples providing individual-level results (supervised learning) and defines homogenous groups
among heterogeneous samples (unsupervised learning).74 By implementing multivariate approaches and
intergrading different levels of data (neuroimaging,
neurocognitive, genetic, demographics), ML suggests a predictive tool with the potential to deliver
outcome biomarkers of PBD and ADHD.75 Recently,
several studies have demonstrated the ability of ML
for differentiating unique BD and ADHD subgroups
from control participants, based on neurocognitive
and neuroimaging data.76,77
Conclusions
There is a growing body of neurocognitive and neurobiological research that recognizes specific cognitive and emotional patterns in PBD. These observations on the neurobiological mechanisms of cogni-

337

tive impairments in PBD appear to provide robust
evidence on a specific neuropsychological profile of
PBD, the effect of mood states on neuropsychological
functioning and the link between emotion generation and regulation in children diagnosed with PBD.
Interestingly, these findings are partially applied in
ADHD. Although evidence on specific cognitive impairments suggests a differential neuropsychological
profile of ADHD patients, ambiguity still exists about
the relationship between clinical course and cognitive impairments, while a distinct phenotype for
emotion regulation in these patients is still unknown.
Furthermore, ML extends the notion that neuropsychological profiling is biologically relevant and clinically important. These advances dictate the pivotal
role of clinical research in raising awareness for PBD
but most importantly indicate that there is abundant
room for further progress in determining distinct neuropsychological profiles for both PBD and ADHD.

Διαχωρισμός παιδιατρικής διπολικής διαταραχής
από διαταραχή ελλειμματικής
προσοχής-υπερκινητικότητας:
Μία νευροψυχολογική προσέγγιση
Φ. Ζαραβίνος-Τσάκος, Γερ. Κολαΐτης
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Η κλινική και διαγνωστική υπόσταση της παιδιατρικής διπολικής διαταραχής (ΠΔΔ) αναδεικνύεται
ως ένα από τα πλέον αμφιλεγόμενα θέματα της σύγχρονης παιδοψυχιατρικής. Με προεξάρχουσα
δυσκολία την άτυπη συμπτωματολογική έκφανση, η ΠΔΔ στερείται την κυκλικότητα και την επεισοδιακή φύση που παρουσιάζει η διπολική διαταραχή των ενηλίκων, ενώ χαρακτηρίζεται από παρατεταμένα μανιακά επεισόδια και συναισθηματικούς κατακλυσμούς. Εκτός της ιδιόμορφης κλινικής
εικόνας, η μεγαλύτερη διαγνωστική πρόκληση της ΠΔΔ ορίζεται από τη συμπτωματολογική επικάλυψη με τη διαταραχή ελλειμματικής προσοχής-υπερκινητικότητας (ΔΕΠΥ). Συγκεκριμένα, οι δύο
διαταραχές μοιράζονται τα χαρακτηριστικά της ευερεθιστότητας, αυξημένης κινητικότητας, λογόρροιας και διάσπασης της προσοχής. Έναντι αυτών των ευρημάτων σχετικά με την αλληλεπικαλυπτόμενη συμπτωματολογία μεταξύ ΠΔΔ και ΔΕΠΥ, η σύγχρονη ερευνητική τάση υπαγορεύει την αναζήτηση μη-συμπτωματολογικών δεικτών για τον ορισμό κλινικών φαινοτύπων. Ειδικότερα σε ψυχικές
διαταραχές με θεμελιωμένη βιολογική βάση, το ερευνητικό και κλινικό ενδιαφέρον στρέφεται στη
διατύπωση νευροψυχολογικών προφίλ ως διαγνωστικών φαινοτύπων. Πρόσφατα ερευνητικά δεδομένα συνιστούν τη μοναδικότητα των νευρονοητικών ελλειμμάτων στην ΠΔΔ, στην οποία περιγρά-
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φεται δυσλειτουργία σε διάφορους νοητικούς τομείς τόσο κατά τη διάρκεια οξέων επεισοδίων, όπου
υπάρχει σοβαρή επιδείνωση των νοητικών ελλειμμάτων αλλά και κατά τη νορμοθυμική φάση της
διαταραχής. Σχετικά με τη νευροψυχολογική αξιολόγηση στη ΔΕΠΥ, τα ευρήματα από πρόσφατες έρευνες καταδεικνύουν ελλείμματα κυρίως στους νοητικούς τομείς της μνήμης εργασίας, φωνητικής
μνήμης και αναστολής απόκρισης. Επίσης, οι διαρκείς εξελίξεις στον τομέα της νευροαπεικόνισης
διαδραματίζουν σοβαρό ρόλο στη διατύπωση διακριτών νευροψυχολογικών προφίλ στην ΠΔΔ και
ΔΕΠΥ. Πληθώρα νευροαπεικονιστικών μελετών σε πληθυσμούς με διπολική διαταραχή αναδεικνύουν ανωμαλίες στο μεταιχμιακό σύστημα, σε φλοιικές και υποφλοιικές δομές ενώ μετα-αναλυτικά
δεδομένα βασισμένα στην τεχνική μορφομετρίας ογκοστοιχείων εντοπίζουν ανωμαλίες στον ραχιαίο έξω και έσω-προμετωπιαίο φλοιό. Στο επίπεδο νευροαπεικονιστικών ευρημάτων στη ΔΕΠΥ,
έρευνες που εστίασαν στη νευροψυχολογική επίδοση κατά τη διάρκεια συναισθηματικής δοκιμασίας Stroop έδειξαν αυξημένη δραστηριότητα στα κέντρα που είναι υπεύθυνα για την ταχύτητα επεξεργασίας και σημαντικά περιορισμένο ρόλο της διατηρούμενης προσοχής. Επίσης, ευρήματα που
υποστηρίζουν την ύπαρξη συνεξάρτησης μεταξύ ρύθμισης συναισθήματος και ελέγχου αναστολής,
περιπλέκουν την ήδη θολή εικόνα των νευρονοητικών ελλειμμάτων στη ΔΕΠΥ. Τα παραπάνω ευρήματα σχετικά με τους νευροβιολογικούς μηχανισμούς των νοητικών ελλειμμάτων στην ΠΔΔ παρέχουν δεδομένα για την αποσαφήνιση ενός συγκεκριμένου νευροψυχολογικού προφίλ, τη σχέση
μεταξύ κλινικών φάσεων και νευροψυχολογικής επίδοσης και τη συνεξάρτηση μεταξύ δημιουργίας
και ρύθμισης συναισθήματος σε παιδιά με ΠΔΔ.
Λέξεις ευρετηρίου: Διπολική διαταραχή, διαταραχή ελλειμματικής προσοχής-υπερκινητικότητας,
νευροψυχολογική αξιολόγηση, διάγνωση.
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