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Pediatric bipolar disorder (BD) is a serious psychiatric disorder that has a significant impact
on pediatric development. In this review , we examine peer-reviewed publications
pertaining to childhood BD to determine the impact of BD on pediatric emotional,

cognitive, and psychosocial developmen t. Phenomenologica |, genetic, family,
neuroimaging, and treatment studies revealed  that BD may have long-term effects on
emotional, cognitive, and psychosocial doma ins of pediatric development. The long-term
developmental impact of BD may be profound and multidimensional. Additional

longitudinal and biological studies are wa  rranted to clarify the relationships among

various predictors of poor outcome sinc e they may have important diagnostic and
treatment implications.

Bipolar disorder (BD) is a serious and commuattients with BDis,77. The presentation and
psychiatric disorder, affecting individuals acrdeselopmental course of pediatric BD vary
their lifespan. BD manifests with abnormalitiesth age and pubertal statesio; However,
in emotion regulation, cognition, and neuragegardless of developmental stage, increased
vegetative behaviors. The US population prevsks for suicide attempts and self-injurious
lence of BD in youth isstimated to be as higbehaviorgi], recurrent syndromal or subsyn-
as 1% in children under 13 years, up to 2b8¥mal mood symptoms, co-occurring psychi-
in children under 19 years, and up to 5% airic disorderg12], family dysfunctionas,
adolescents and young adults 12b29 yeamscaflemic problems], and substance uss
age, based on epidemiological surveys commonly occur in pediatric BD. Owing to
ducted in adolescents and adults regardingthgee complexities, children and adolescents
of bipolar symptom onsat2. Therefore, with BD require individualized and develop-
420,000D02,072,000 US children could suffaentally sensitive treatment approaches. Early
from bipolar | or Il disordet]. Recent national identification and evidence-based treatment of
trends suggest a 40-fold increase in the diagealiatric BD are essential to prevent the
sis of BD in youth in office-based settings océronicity of symptoms and associated
the last 10 years, and a fourfold increase irtomplications.
BD-related inpatient hospitalizations amongThrough an examination of the most recent
adolescentq. This suggests a rapid increaseliterature, this review will provide a summary
the clinical identification of this disorder iof certain factors in giatric development that
pediatric populations. Alternatively, theseay impact and be influenced by BD, includ-
trends may also be due to overdiagnosis, lgh emotional, cognitive, and psychosocial
variability in how BD is diagnosed in clinicdevelopment. Specifically, we will examine
settings, or may reflelstases associated wittvhether there is evidence to support that:
increased academic and media interest for BBD symptom expression leads to emotion
in the last decade. In addition, this recentdysregulation, which impacts healthy brain
increase in the diagnosis of BD in the US hadevelopment;
not necessarily been observed internation2lBD disrupts cognitive development and
This is possibly owing to researcher bias for dnterferes with academic progress;
against the existenceBd in children, differ- 3. BD causes impairments in psychosocial
ing interviews used, or lack of trained childdevelopment.
psychiatrists internationay In this article, we will explore these hypothe-
While previously thought to begin primarilges using data from clinical, epidemiological,
in late adolescence or early adulthood, redantily, neurobiological, and genetic investi-
data suggest that the onset of the illness beggtions. We will also make suggestions for pre-
before the age of 18 years in 50D67% veftion, early intervention, and treatment of this
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disorder in pediatric populations, and will coBiagnostic and Statistical Manual Edition 1V
clude with strategies for future directions {@SM-I1V) criteria for BD. Historically, symp-

research in this field. tom criteria for adult mood disturbances were
applied to children, until it was recognized that
Methods children may manifest mood symptoms differ-

A literature search using NIH PubMed was camtly than adults. Developmentally relevant
ducted to identify peer-reviewed studies of chymptom presentations were considered in the
dren and adolescents with BD for the periodupfdate from DSM-IIIR to DSM-IV, when

1966 to October, 2007. The following termshildren were allowed to have irritability as a
were included in the search: Obipolar disordefifestation of depressed mood. Similar con-
Omania0, and Odevelopment® with Oadokideeatis®s for pediatric BD may be made in the
OchildrenO, OyouthO, OjuvenileO, or OpeditatribConfitg DSM-V, which will help make
lowed by OpsychosomaIO Ofamily®, OgenliigAnses easier and more relevant across all ages.
Oneuroimagingd. References from identified a@hildren and adolescents with BD may
cles were also reviewed to ensure that all rel@rasent with symptoms of mania typical of

papers were included. adults, such as euphoria and grandinsity),
hypersexualitys], irritability [19,20, decreased
Results need for sleepi), and racing thoughts 23}

We reviewed data from studies published frbtany of these symptoms have been described in
1966D2007 that reported on the impact of Bihildren with mania as young as 3 years of
on pediatric development. Most of these repa@tgg24,25; The onset of puberty has been associ-
found variable developmental insults in childrated with increased hypersexuality in some
with BD. We examined specific data that swgiudiege], and in others a predominance of
port each of three hypothesized developmedégiressive symptomatologys). However,
domains affected by manifestations of B&ampared with adultyouths with BD often
Selected studies to support these hypothesdsaaree a more chronic, relapsing coprsand

summarized imable 1 episodes lasting hours rather thanigays

This apparent paradox of both chronicity and
Hypothesis 1: BD symptom expression short episodes is a hallmark of pediatric BD, and
leads to emotion dysregulation, which has been described in several different studies
impacts healthy brain development examining the course of pediatric Bi®30]

Several lines of evidence have demonstratedteatlopmental age-spiecimanifestations of
BD is a complex brain-based disorder that bothnia become crucial when the boundaries
impacts and is impacted by neuronal develbptween healthy emotional development and
ment. If BD is affected by certain processepathological and impairing mood states are less
development, then it would follow that age aokkar, as may be the case in preschool-aged
BD symptom expression are related. In additiohildren or adolescenindergoing puberty.
if BD impacts brain delopment, then there The chronicity of BD may blur clear distinc-
should be neurobiological evidence to supg@hs between childhoahd adult manifesta-
that there are brain structural or function@bns of this disorder, bthtis characteristic still
changes that occur iretpresence of BD sympsupports the hypothesis that BD can impact
toms that otherwise do not occur in the absedegelopment. One recent review synthesized
of such symptoms. retrospective evidence to support the notion
BD is principally characterized by core disttinat childhood BD is continuous with adult
bances in the regulatiofi emotion and atten-forms of BDj31], and that this chronic form of
tion. Symptoms produced by these disturbanB&ssignificantly impacts the long-term progno-
manifest in variable ways in children, adolsis of those affected. In a recent report on 480
cents, and adults,17;, which has resulted in sigadults with BD, 14% experienced bipolar illness
nificant debate regarding the validity of tlmset in childhood (L2 years of age) and 36%
diagnosis of BD in pediatric populations. As adolescence (13D18 years offag&®etro-
with other psychiatric disorders, BD is still disgpective assessment in this study revealed that
nosed by the presence of a constellation of syehjpdhood or adolescent-onset BD was associ-
toms, qualifying it as a syndrome rather thaatad with delays tordgt treatment averaging
disease. Thus, as for adults, in the US childmore than 16 years, and was characterized by
and adolescents are diagnosed using ntloee episodes, comorbidities, and rapid cycling
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Table 1. Evidence for impact of bipolar disorder on pediatric development.

Hypothesis Evidence to support hypothesis Selected studies to support  Ref.
hypothesis
BD symptom expression leads to emotion BD is principally characterized by core  Stroberet al. (1995) [30]
dysregulation, which impacts healthy disturbances in emotion regulation and  Perliset al. (2004) [6]
brain development attention, which manifests differently Gelleret al. (2004) [28]
across the lifespan Biedermanet al. (2005) [29]
Birmaheret al. (2006) [27]
Gelleret al. (2006) [17]
Masi et al. (2006) [16]
DelBelloet al. (2007) [32]
Structural, functional and genetic data  Structural
suggest that emotion dysregulation Blumberget al. (2003) [51]
associated with BDinterferes with DelBelloet al. (2004) [37]
healthy brain development Changet al. (2005) [50]
Mills et al. (2005) [49]
Adler et al. (2007) [38]
Chemical/Functional
Blumberget al. (2003) [60]
Cecilet al. (2003) [48]
Changet al. (2003) [54]
Davanzoet al. (2003) [56]
Chang et al. (2004) [46]
Blumberget al. (2005) [59]
Moore et al. (2007) [57]
Olveraet al. (2007) [55]
Genetic
Gelleret al. (2004) [68]
Faraoneet al. (2004) [80]
Etainet al. (2006) [65]
Gelleret al. (2006) [17]
BD disrupts cognitive development and  Cognitive deficits in BD occur regardless Dicksteinet al. (2004) [95]
interferes with academic progress of illness state, medication exposure or  Doyleet al. (2005) [101]
ADHD and include deficits in working Pavuluriet al. (2006) [99]
and verbal memory functions, attention  Rucklidgeet al. (2006) [102]
and executive functioning Altshuler et al. (2007) [96]
Leibenluftet al. (2007) [103]
BD related cognitive impairment Quackenbushet al. (1996) [90]
interferes with normal academic Lagaceet al. (2003) [91]
functioning and requires school Pavuluriet al. (2006) [14]
intervention
BD causes impairments in BD is associated i high rates of Wilenset al. (1999) [15]
psychosocial development recurrent symptoms, hospitalizations, Gelleret al. (2000) [108]
psychosis, poor medication adherence, Biedermanet al. (2005) [29]
increases in risk fosuicidal behaviors Birmaheret al. (2006) [27]
and completed suicide, substance abuse, DelBelloet al. (2007) [32]

and legal problems, which all interfere

with psychosocial development

Children and adolescents with BD have McClure et al. (2005) [111]
impairments in social cognition Richet al. (2006) [112]

ADHD: Attention-deficit hyperactivity disorder; BD: Bipolar disorder.

than adult-onset BR). Undetected symptomsand their progressivesistance to treatment
of mania resulted in a poor long-term prognosiglirectly suggests either a continuing impact of
where the illness was particularly refractonyllitess on brain development or an intrinsically
treatment. The persistence of manic symptgunsgressive brain disorder.

fulure ssiienegpupp www.futuremedicine.com 201



REVIEW D Singh & Chang

Longitudinal prospective studies examinimgluding portions of the prefrontal cortex, as
the course of BD are useful to further examwell as subcortical (striatum, thalamus,
the impact of BD on development. As alamygdala, and hippocampus), and cerebellar
illustrated by retrospective studies of adults vettuctures, in the neuropathophysiology of BD.
BD, prospective studies of children with BDisruptions in the ALN appear to occur in cross-
suggest that emotion dysregulation is a chra@ctional assessments of adults and adolescents
and unremitting phenomenon that may impaeith BD, but there are limited longitudinal data
aspects of healthy emotional developmeatjnform us of the impact of these disruptions
including stability of mood states anoh emotion regulation over time.
symptomsesp3ojup to 7 years after onset of ill- In healthy brain development, areas of the
ness. A recent longitudinal study showed thetin that perform more basic functions mature
12 months after being hospitalized for a maparly, and areas for higher-order functions mature
or mixed (manic and depressive) episode, datlyr. Specifically, by puberty, subcortical struc-
39% of adolescents with BD had symptomatices including the amygdala, basal ganglia, and
and functional recovepe). In addition, only thalamus have achieved structural and functional
35% of subjects reported full medicatianaturity (39,40, whereas the prefrontal cortex,
adherence in this study, and individual predichich handles reasoning and other executive
tors of poor syndromic recovery included donctions, is among the last brain structures to
occurring attention-defidityperactivity disordermature. A sequence afpreadolescent increase
(ADHD), anxiety disorders, and disruptividllowed by a postadolescent decrease in cortical
behavioral disorders, along with nonadheregmy matter is also seen, as illustrated by
to psychotropic medications and lower socitructurajs1) and functional MRI studigsg 43)in
economic levete). There is as yet no publisheldealthy humans. Thestudies demonstrate a
prospective study that has followed a pediaghiting dependence frambcortical structures to
sample with BD into adulthood to determine jifrefrontal structures for the purpose of accom-
pediatric BD is continuous with adult forms glishing goal-dependent behawigrand execu-

BD. Nevertheless, other prospective studiesivie regulation of emotion. In addition, as both
pediatric populations do demonstrate that fagenetic and environmental factors contribute to
tors influencing bipolar iliness course may disain development, rete structural neuro-
impact emotional development. Predictors imfaging studies in healthy twins suggest that
symptomatic and functional outcomes may atfwvelopment of late-manhg areas is less influ-
be important targets for treatment. enced by heredity than areas that mature

The duration of continuous manic symptonesrlierss). The developmental sequence described
tends to be shorter in children and adolescenight explain why certain symptoms of BD may
compared with adultssting hours rather thannot be clinically evident prior to full expression
daysp27). Several researchers have describedrtdematuration of involved brain structures, and
phenomenon of ultradiarycling or switching suggests vulnerabilities to abnormal development
between mania and depression multiple timesd additional targets for treatment.
day in pediatric samplgsp29) Owing to the  Brain imaging studies in BD research have
transient nature of ih phenomenon and thefocused on structures presumed to be involved in
variability of definitions of episodes and rapi&motion regulation, incluty the prefrontal cor-
cycling across agesg cross-sectional assessmémt and limbic and paralimbic structures as rep-
may pose a challenge for clinicians, resultingesented in part in the ALN. There are two
possible under- or misdiagngsjsFor this rea- related pathways connecting these structures: the
son, researchers have tried to understandvthgral-limbic pathway, which includes ventro-
neurobiological underfmings of BD, as amedial prefrontal and orbital cortices and
means to clarify the often confusing phenonaeygdala, thought to rdgte emotion directly,
nology of BD and to overcome the subjectivipd the dorsal subcortical pathway, which
associated with parent and child repsrtdhe includes dorsolateral prefrontal cortex, thalamus
clearest evidence that symptoms of BD naayl basal ganglia, which are thought to modu-
impact development through disruptions Iate emotion through cognitive processes. Dys-
brain circuitry may be found in the neurdunction within the two  pathways,
imaging literature. Research to date has imiplierconnected by the anterior cingulate, has
cated the anterior limbic network (ALpépss) been hypothesized to underlie the neuro-
a network of interconnected brain regiopathophysiology of Blksa7. The cerebellar
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vermis, amongst the latest of brain structures t&s emotion regulation is a result of psycho-
reach peak volume and therefore particularly fagieal processes that are mediated by integrated
ceptible to environmental insults, has also beeanronal networks, functional MRI (fMRI) stud-
implicated in the pathophysiology of BD iies permitx vivo examination of various circuits
structural and neurochemical studies). involved in the regulation of emotion. Three
Among the most consistent findings in pediatcent studies have used fMRI to test hypotheses
ric BD and in contrast to adults with BD, iselated to differential emotion regulation due to
reduced amygdalar volupseso,51; Reductions BD [46,58p60] Dickstein and colleagues have
in this subcortical structure may be affectedshpwn that children with episodic BD illness
such variables as medication expgspm®um- have impaired attentional resource allocation
ber and severity of mood episodes, and substaitheinduced frustration and children who are
use. Such factors may explain the variable vedwrerely mood dysregulated with a chronic none-
metric outcomes in adults with BD. Reduc@isodic course of illness have consistently
amygdalar volumes may lead to compensatonyaired measures of early attention regardless of
limbic hyperactivity manifesting as symptomstiod emotional content of the task with which
BD, which with repeated mood episodes nthgy are presentegd). Another fMRI study by
lead to less emotion control, and possibly raBtthng and colleagues utilizing both a visuospa-
cycling and treatment-resistant states, consigtahivorking memory and an affective task involv-
with the natural progression of BD. The ceiieg viewing negative pictures showed increased
bellar vermis has also shown volume decreasagivation of dorsolateral prefrontal cortex in
individuals with BD who have experienced mpkdiatric subjects with Bi). Similar findings
tiple mood episodes). Thus, brain structuralwere reported by Blumberg and colleagues, who
changes can lead to BD symptom expresdiomd significantly incredsactivation of the left
which in turn has been proposed through a kputamen and thalamus in pediatric BD while
dling mechanism to have neurodegeneratubjects performed ethcolor-naming Stroop
effects on the developing bieinss; taskieo). This study also showed a positive corre-
Data demonstrating macroscopic structulaion between depressive symptoms and activa-
changes in select brain regions in BD imfilyn in the ventral striatum. In summary, these
underlying cellular and molecular dysfunctionfRI findings support the hypothesis that emo-
BD that may also impact healthy brain develojon regulation is abnormal in pediatric BD at the
ment. Proton magnetic resonance spectrosdepgl of discrete prefrontal-limbic brain areas.
(*H-MRS) is a noninvasivevive neuroimaging It should be noted that despite the recent
method that yields biochemical data to quantiggewth in brain imaging studies in children with
tively examine neuronal function in individuaBD, it is likely that MRI will remain strictly a
with or at risk for BD. Children and adolescentssearch tool in BD for perhaps the next decade.
with or at high risk for BD exhibit decreaseskHixisting MRI bipolar research has included sub-
the healthy nerve cell marker N-acefgkt samples that vary widely in age, gender, type
aspartatg@s,54,55) increases in myoinositol, af BD, comorbidity, and medication exposure,
neuronal marker for cellular metabolism-relatadking it difficult to generalize results to all
second messenger signaling pathwagisand patients with BD. Moreover, variations in scan-
decreases in the excitatory neurotransmitters and scanning protocols also make it chal-
glutamategs7] in the dorsolateral prefrontal colenging to combine the results of studies across
tex, anterior cingulate cortex, and cerebellar sies, further limiting the generalizability of find-
mis, relative to healthy controls. Thesggs. There have also been no definitive findings
neurochemical alterations raise the possibgipgcific to BD D such as a single gene or a sigha-
that bipolar illness may be impacting braure functional activation pattern for pediatric
development at a cellular level. However,BD. As such, neuroimaging in itself cannot cur-
remains unclear whether any of these neuemtly be used to diagnose BD, and should rather
chemical changes occur prior to the onsetbefamong a combination of biological investiga-
mania or depression, or if they are due to the tiifias and clinical assessments used to determine
ferential neurochemical effects of prolongeéd underlying pathophysiology of Bip
affective symptoms or specific medicationsAs alluded to earlier, regulation of emotion may
Future longitudinal studies clarifying the neudsave some inborn @enetic presterminants.
chemical impact on the pathophysiology of Bwin and family studies have suggested high heri-
are warranted. tability of BD, approaching 78% concordance in
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monozygotic twinsi], which is similar to schizo{DAOA) and neuregulin{RGI) [79]. Relevant to
phrenia and ADHDs2,63. However, no singlepediatric populations are genetic mechanisms
causative gene has emerged, suggesting thah&MDave been proposed to mediate an earlier age
results from the effectswiltiple genes, probablyof BD illness onset. Faraone and colleagues
greater than 20 in many casesEfforts to iso- reported on three areas associated with age of ill-
late candidate genes Haeen complited by the ness onset in a genome scan of 539 people from
need for large sample sizes to detect small effécfamilies, on chromosomes 12p, 14, and
of individual genes. The European Collaborath[go]. These and other dataggest the possi-
Study of Early Onset Bipolar Affective Disorddlity of genetic anticipation in pediatric BD,
performed a genome-wide search with 384 migvbere the appearance of a familial disorder in the
satellite markers in 87 sibling pairs ascertaimext generation occurs at an earlier age and/or
through an early-onset BD type | proband (agevith greater severity than the previous
onset <21 years) and found the region 3pl4gemerationz,.s1,82) Anticipation has been
chromosome 3 to have the most significant linkported for various neurological conditions such
age using a nonparametric linkage anedysisas Fragile ¥3j and monogenic HuntingtonOs dis-
Other chromosomal locations currently beiegses4], but this hypothesis is more controversial
investigated include 17924 and 18e¢i2 for complex, polygenic illnesses such as

Two promising candidate genes related to eBD-ssps7; Anticipation in monogenic illnesses is
tion and brain function include polymorphisms aommonly due to unstable trinucleotide repeat
genes that code forethserotonin transporterexpansions, but this explanation for anticipation
(5-HTT) and for brain-derived neurotrophitias not been established in polygenic disorders
growth factor (BDNF). Although these polymodue, in part, to the fact that cohorts with poly-
phisms have been assediatith both depressiorgenic disorders are insufficiently observed over
and BDis7pe9 allelic specificity has been fourskveral generatigggs In summary, although
with certain bipolar phenotypes in children. Fgenetic mechanisms for BD may provide promise
example, the presence of the s-allele on the 5-ftFTearly detection of youth at high-risk for the
gene may increase the chance of conversion disarderiss), further studies across generations
prebipolar to bipolar states and therefore contabe examining associations between genetic risk
ute to BD development). BDNF regulates neu-and age of BD iliness onset are warranted.
ronal survival during brain developmentand In combination, the above phenomenological
may be involved in individual responses to aatid neurobiological research has demonstrated
depressantg] and lithium(7s). Researchers havthat BD is a brain-based disorder involving emo-
reported an association between a common ftino-dysregulation, which can be affected by, and
tional single nucleotid®lymorphism at codonin turn impacts, developmental trajectories in
66 of the BDNF, called the val66 allele, and deeeHdren. Given that BD is highly heritable, indi-
opment of BDses,74} Furthermore, subanalyses widuals are presumed to be vulnerable to this dis-
BD cohorts that were not originally found to lmeder at conception, yet peak symptom
associated with the val66 allele reveal overtemgrgence generally occurs during adolescence.
mission of the val66 allétepatients with rapid Knowing when during development certain
cycling BOs,76} This finding is interesting giverorain structures are particularly vulnerable to
that the phenotypic expression of pediatric-or@®tironmental or genetic influences would aid in
BD often involves rapcycling between mooddeveloping effective inkentions for this disor-
stateg7]. In addition, the val66 polymorphisnderjss). Future studies on children who have not
has been associated early in the onset of BD dmtetteveloped emotion dysregulation but are at
opmentisg], and with an earlier age of onset faimilially high risk for developing BD will fur-
BD [7s;. The BDNF polymorphisms may affe¢her elucidate the pret@rminants and develop-
the function of various brain areas involved witlental factors involved in symptom progression
attention and emotion gelation. The relation- and long-term prognosis of this disorder.
ships between candelajenes and BD pheno-
types, medication responses, rapid-cycliypothesis 2: BD disrupts cognitive
subtypes and ages of onset illustrate diegelopment & interferes with
vulnerabilities to aberrant development. academic progress

Other potential gene candidates in the adBveral studies have demonstrated that children
literature include catech@lmethyl transferaseand adolescents with Biave impairments in
(comM1T), D-amino-acid oxidase activataognitive and academic functioning. Up to
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30D40% of children and adolescents with BBpairments in attention, executive function-
have difficulties with math or reading, aridg, working memory, and verbal learning were
some may even have lower verbal and peffarad in subjects with BD, regardless of illness
mance 1Qs relative to children with ADHD oor medication states). The cognitive deficits
no disorden4]. Onset of bipolar illness durindound in this study thuappear to be trait-like
adolescence has also been found to negativelsacteristics of B, predating full bipolar
impact academic acleewvent, on time for development, suggesting the importance of
completion of high school and expected psmreening for cognitive deficits in populations at
gression into college). Compared with ado-risk for developing BD.
lescents with major defmies or no psychiatric ADHD commonly co-occurs with pediatric
iliness, adolescents vih may also have defiBD, with rates of ADHD of up to 85% in young
cits in mathematical abilitys). Such impair- people with B@ioo.. Neuropsychological studies
ments may result in an increased need for ardmining whether cognitive impairment in
use of specialized educational senmvitesid pediatric BD is due to ADHD have shown
impact other societal domains, such as caregiieed results. A study 28 subjects with BD
burden and work performanes. If BD dis- alone versus 27 subjects with BD plus ADHD
rupts cognitive development, there should foand no difference beten these two groups in
evidence that certain domains of cognition asmuropsychological function or academic
impaired. In addition, it would be important taifficultieg14). Another study of 57 young peo-
clarify if mood symptoms or other associafdd with BD compared with 46 healthy controls
factors such as ADHD lead to cognitive impafound that after controlling for the effects of
ments in BD. Finally, demonstration of braicomorbid ADHD, young people with BD
structural or functional changes correspondsimpwed deficits in sustained attention, working
to cognitive dysfunction in BD would also proremory, and processing speed similar to adults
vide evidence for BD-related impairments with BD [101]. A third study comparing 12 sub-
cognitive development. jects with only BD, 12 subjects with BD plus
Studies have indeed reported specific patt&idsiD, 30 subjects with ADHD only, and 41
of impairment in pediatric BD, including defihealthy controls, found ADHD-only and com-
cits in executive functioning, working memotyined groups to be most impaired in the
verbal memory4] and attentionjes). Recent domains of processing and naming speed, work-
studies in adults with BD have also demang memory and response inhibitima). Apart
strated that long-term neurocognitive impafrom poorer working memory, there were no dif-
ment is related to climtand functional statusferences between the pediatric BD only and nor-
[96p98] However, these patterns have not yet beel control groupgoz;. The first two studies
clearly linked to academdifficulties experi- implicate BD-associatagnitive dysfunction
enced by children with BD. The closest exatindependent of ADHD, while the third study
nation of this link was done in one study relatisgggests that the presence of ADHD symptoms
neurocognitive deficits to parent-reported aozay be an independent risk factor for cognitive
demic difficultiegi4). This study showed thaimpairment and resulting academic dysfunction
children (7D17 years old) with BD had pooiiarpediatric BD.
neurocognitive performance on executive funcStructural and functional imaging data
tioning, attention, working memory, and verbdéscribed in the previous section demonstrate
memory when they had a parent-reported hidtyy BD may lead to cognitive impairments
tory of reading or writqhdifficulties, regardlessndependent of mood symptoms, exposure to
of the presence of ADHD. medications, or ADHD. Interferences in
Neurocognitive performance may or may rattention, working memory, and higher-order
be related to the presence of mood symptomexacutive functioning have been shown to
exposure to psychotiopmedications. Cer-occur in the presence of abnormalities in the
tainly, frequent mood swings and adverse effanterior cingulate and dorsolateral prefrontal
from medications used to treat BD can affeatatices. In addition, @eits in motor inhibi-
child®s attendance, concentration, motivati@n, which may be related to impulsivity and
and energy level in school. In a neuropsycholagtability in BD, have corresponded to
ical evaluation of children with BD, 28 unmedlecreased activation in the striatum and in the
icated and 28 medicated, compared with @ght ventral prefrontalortex in unmedicated
demographically matched healthy contrathildren with BOz1o3]. In combination, these
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findings demonstrat¢hat abnormalities inillness, or due to thealtenges related to diag-
neural circuitry corrpend to neurocognitive nosing developmentally dynamic symptom clus-
impairments in pediatric BD. ters. Many argue that despite such challenges,

Regardless of the santiégnostic variability interventions should lzggressive owing to the
of the studies described above, they all dentogh risk for poor outcome associated with
strate that cognitive impairments are preseneamly-onset BR,105. Despite advancements in
BD. A proper educational setting would be infgharmacological interventions for BD, prob-
gral to the therapeutic plan for children with BBms related to mood symptom relapse, medica-
to facilitate academic progress. Parents and ¢lon- nonadherence, and comorbid conditions
cians may collaborate with school personnesuch as substance abuse, continue to impact its
determine the appropriate educational plan kmng-term morbidity and mortalige). Adverse
the child with BD, with accommodations to benvironments, such as low maternalbchild
considered for transitions to new teachers amamth, high maternalfid tension, and high
new schools, return tdsol from vacations andpaternalbchild tension have been found in fami-
absences, and for any change in medicatii@s, of children with BDios]. Negative life
which can all result in increased symptoevents, sleep problems, and social dysfunction
atology and declining school performance.h@ve also been associated with poor outcome for
determination should be made regardiadults with BOio9).
whether an individualized educational planAny sort of lifetime adversity may be relevant
(IEP) is needed, andinfout from the clinician to the onset, recurrence, and progression of
on the IEP team would be useful to developranod episodes, having cumulative or deleteri-
appropriate academic curriculum for the chitsus effectsos). In a recent review of longitudi-
Further studies examining the therapeutic benat studies of children and adolescents with an
fit of pharmacologicadnd educational inter-early onset of symptoms, Birmaher and
ventions to reverse cognitive impairmewtsleagues provide evidence that BD signifi-
associated with BD are needed. cantly affects healthyypkosocial development

in childrenpi10. BD is associated with high

Hypothesis 3: BD causes impairments in rates of recurrent symptoms and hospitaliza-
psychosocial development tions, and increases the risk for suicidal behav-
Twin and family studies suggest high heritabililys and completed sigie, substance abuse,
of BD, but as with other complex polygenic daad legal problemsiop. Combined with the
orders and the fact that not all individuals wittynamic and chronic @se of symptoms,
BD have a family history of BD, environmenttidese factors may each interfere with healthy
factors must also play a role in the impact of Bychosocial development and could have
on development. Family, social or financi@tentially lethal consequences.
stress, exposure to physical or sexual abuse,Tte marked psychosocial impairments
co-occurring anxiety or substance abuse, dascribed above have been, in part, examined
among many environmental factors that hasgerimentally using cognitive neuroscience and
societal impactgo4}, and may leave affectefinctional neuroimaging techniques. One para-
individuals with significant impairments in vadigm studying measures of social cognition
ious domains of functioning. Researchers vithand that compared with healthy controls, chil-
have explored the impact of psychosocial salems with BD had impaired awareness of appro-
on the onset and progression of @i5106; priate language for various social situations and
have concluded that psychosocial factors asrémpaired ability to accurately identify emo-
important targets for early intervention arnibnal facial expressigns). This study was fol-
intensive treatment. Whéallows is a discus{owed up with an fMRI study demonstrating
sion of the impact afntreated BD symptomsthat cognitive misperceptions of emotional faces
on a child0s psychosocial development andytehildren with BD (man age: 14.2 years) cor-
relevant neural circuitry that may be involvedrespond to increased brain activation in the

As discussed above, several studies, indoggdalabstriatumbventral prefrontal cortex cir-
ing the National Comorbidity Survey Replicauit, with particularlysignificant activation in
tion 107, have demonstrated long delatse left amygdalgqui2. Misinterpretation of
between the onset and diagnosis and treatnsental cues and associated social dysfunction in
of patients with BD. These delays may in p&f are easily inferred when neutral facial expres-
be due to stigma associated with psychiaians are viewed as hostile and fear-inducing.
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Furthermore, the neural circuitry involved wiffreatment: pharmacotherapy
social misperceptions here overlaps with Meanwhile, optimal clinét suspicion, an early
same limbic circuit implicated in emotiodiagnosis and adequate management of this
dysregulation described above. chronic mood disorder may lessen its impact on
Owing to the high risk for poor prognostithe quality of life children and their families.
outcomes, psychosocial interventions to tarfje¢re has been a recent surge in pharmoco-
problems that may be inadequately treatedldgical data, which shouddd in such manage-
pharmacotherapy alone may add benefit aneint. Numerous case reports, open-label trials

lead to improved course and outcome. and chart reviews have described the effective-
ness of various pharmacological agents for this
Early intervention & prevention population; however, only a few relevant double-

With the realization that BD onset in childhodadlind placebo controlled (DBPC) studies have
greatly impacts normal brain, emotional, cogngen published, and therefore off-label use of
tive, and psychosocial development, it mayagents to treat pediatric BD and its associated
particularly important to consider schemes dlisorders is common. Recently, the American
early intervention andguwention. By interveningAcademy of Child and Adolescent Psychiatry
early in the developmeftBD, the evolution to (AACAP) published guidelines for the treatment
fully expressed BD in children and adolescerftpediatric BD, endorsing lithium, divalproex
and its associated morbidities may be preveatati the atypical antipsychotics as optimal first-
(89,113} For example, a particular group of chiilke agentgz3). In addition, these guidelines rec-
dren who might be targeted for early interventimmmend that clinicians initiate medications that
are offspring of parents with BD, who have ame already Food and Drug Administration
increased risk for developing BD themsel(E®A) approved for the treatment of BD in
Such children are vulnerable to developamyults. Lithium (for aged2 years) and risperi-
ADHD and mood disorders such as depressiwae (for ageslO years) are the only medica-
disordersii14,115; or subthreshold BD, alsdions currently approved by the FDA for mania
referred to as a spectrum of milder bipolar disonrehildren and adolescents, despite the fact that
dersg27], which may precede or elevate the riskror large-scale DBPC siesl of lithium or ris-
developing bipolar I disorder. Individuals at higeridone have yet been published in children
risk for developing BD may also be exposedrtd adolescents with BD.
antidepressants or psychostimulants, which majnticonvulsant therapies such as divalproex
precipitate, exacerbate), or accelerate thehave documented efficaoyopen-label studies
onset of manig17). Strategies designed to idenf pediatric manip24p126) However, a recently
tify high-risk symptom complexes and preveompleted large placebo-controlled study of
the full development of BD might result iextended-release divalproex for pediatric mania
avoidance of inappropriate interventions tlthtdl not demonstrate efficacy for mania in chil-
may precipitate mania. riaidentification and dren and adolescentsi;. Given the positive
screening by primary care providers by direefficacy data iopen-label studies, it is not clear
eliciting symptoms of mania could prevent ongdtether this was a negative or a failed study. Pos-
or progression of BD and result in more favoratitde reasons for study failure include short study
long-term outcomes:). duration, a different mechanism of action of the
Unfortunately, there are only a few studiestended-release preparation compared with
that have investigatedthenefits of early interimmediate-release divalproex for acute mania, or
vention. Pharmacological studies for child@chievement of inadequate serum levels for the
and adolescents with nonbipolar | moadudy population. Side effects associated with
disorders and a familial risk for B@p1221aim divalproex include weighdin, sedation, tremor,
to intervene using medications that may h#epatotoxicity, thrombocytopenia, and polycys-
neuroprotective or neurogenic properti¢is. ovarian disease. It is recommended that
Although these studies vary methodologicaltients on divalproex be monitored for baseline
they represent important early efforts to intéiver function tests, complete blood counts, preg-
vene on children and adolescents at familial nigkcy status, and valproate levels at least every
for BD that could improve their long-term outs monthgi2s].
comes. Additional pharmacological as well aAtypical antipsychotics are beginning to
psychotherapeutic studies in these high-dsknonstrate efficacy in large randomized con-
populations are sorely needed. trolled trials for acute mania in children and
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adolescents. A DBPQu@dy of olanzapine fordietary measures with patients and their families,
children and adolescents with manic or mixaud seek nutritional advice if needed. In
episodes (n =161, ages 13D17 years), repordéeidition, oral antihyperglycemics, such as met-
significantly greater reduction in manic synfprmin, may also be effective to reduce the risk of
toms in patients takg olanzapine comparedaveight gain and metabolic dysfunction in
with those assigned to placebq Several largepediatric patients on atypical antipsychotigs
studies that have yethie published have dem- Although there are limited longitudinal clinical
onstrated positive results for other atypical atrtals to determine the impact of pharmacological
psychotics in the treatment of pediatric marnti@atments on various domains of pediatric devel-
In a 3-week multicenter DBPC trial on the uspment, preliminary dalt@ve shown that adoles-
of risperidone in children and adolescestnts can achieve syndromic recovery from
(n =166, ages 10D17 years) with bipolar | didgmpolar illness 12 months following inpatient hos-
der, response rates with medication ranged fptalization[z2. Unfortunately, nonadherence to
59b63% separating from a 26% placetpeatment is a clinicalallenge and may limit the
response rate, thus demonstrating efficacystatistical power of treatment efficacy studies in
decreasing manic or mixed symptemmsPedi- pediatric BD[132]. Additional research on inter-
atric patients with mania also responded mweations targeting morbidities associated with BD
favorably to quetiapine versus placehch as suicidality, impaired functioning at school,
(p <0.001 with 600 mg dose) after a 3 weahd substance use is needed.
DBPC trial in pediatric mania (n=277,
ages 10b17 yearsp). Finally, aripiprazole, aTreatment: psychosocial interventions
partial dopamine agonist, has also demonstr&ggthosocial treatment alongside pharmaco-
efficacy in a 4 week DBPC trial of children attterapy for children with BD has been recom-
adolescents with bipolar | disorder in a manicneended, a logical companion in light of the
mixed episode (n =302, ages 10D17 years) profound effects of ehildOs environment on
In summary, there are now several controlledhirain development. Psychoeducation and the
als supporting the efficacy of atypical antipsclusion of cognitiveBbehavioral techniques and
chotics in the treatment of acute mania $kills[133) to intervene on environmental factors
pediatric populations. have been proposed as important components of
Efficacy data for atypical antipsychotics masth psychosocial interventions for BD. Psycho-
be balanced by an understanding of the sadeliycation aims to teach patients and their fami-
profiles of these medications. The incidencdie$ regarding BD, its course, prognosis and
extrapyramidal symptoms or neuroleptic maliggatment, and can be performed by primary
nant syndrome is often lower with atypiczdre physicians and mental health providers
antipsychotics than with the conventional andiike. The goal of cogmebbehavioral therapy
psychotics, but may still occur with atypid@BT) is to modify everyday thoughts and
agents and should be monitored. These mediedraviors to influence emotions in a positive
tions can cause significant weight gain in yowtlay. Psychoeducation and CBT can be used in
with subsequent metabolic problems that niagtividual or group therapeutic settings.
increase risk of Type Il (non-insulin dependent)Various psychosociaterventions have been
diabetes mellitus and metabolic syndiesme shown to be effective for adults with BD. Studies
When starting a child adolescent on an atypihave shown that psychoeducation, bipolar-specific
cal antipsychotic, it is recommended to obtaiCBT, family therapy, and interpersonal social
personal and family history of obesity, diabetegthm therapy may significantly improve the
dyslipidemia, and cardiovascular dispage overall wellbeing, treatment adherence, and func-
Furthermore, clinicians should monitor bloaéning of adults with B34, Researchers have
pressure and fasting lipids and glucose beginreéngntly begun to study the effectiveness of
at the initial appointent, 3 months after theadjunctive psychosocial interventions for children
initial appointment, aththen annually. A bodyand adolescents with BD. Treatments currently
mass index (BMI) shoulte calculated evenpeing developed include MultiFamily Psycho-
3 months. If there is relative weight gain of S8ducation Groupsss), Family Focused Therapy
compared with baseline weight during the fifst Adolescentsss}, and a modified CBT com-
3 months of treatment, consideration should bieed with family therapys7. These have all
given to discontinuing or switching to anothehown initial success in decreasing symptom
agent. Clinicians showbo discuss lifestyle anseverity and preventing relapse in children with
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Figure 1. Schematic representation of selected vulnerabilities and insults to healthy

development in pediatric bipolar disorder.
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The dorsal subcortical circuit includethe dorsolateral aspects of the RE and SubC structures including the
thalamus and basal ganglia. The venal-limbic circuit includes the ventomedial prefrontal and orbital
cortices (PFC) and SubC structures including the ggdala, hippocampus, striatm and thalamus. The Cbm
also provides inputs into SubC stictures via the cerebellar vermis.

Cbm: Cerebellum; PFC: Prefroat cortex; SubC: Subcortical.

BD. Current clinical guidelines recommend that illness state, medication exposure, or ADHD,
all individuals with BD receive a combinatiaand include deficits in working and verbal mem-
of both medication and psychothenamyss;  ory functions, attentiorgnd executive function-
ing. BD-related cognitive impairment may
Conclusion interfere with normal academic functioning and
The literature examinddr this review demon-usually requires school intervention. Finally, BD is
strates the profound ingbaf BD on emotional, associated with impairments in social cognition,
cognitive, and sociatlomains of pediatrichigh rates of recurrent symptoms, hospitalizations,
development. All of these domains contributep&ychosis, an increased risk for suicidal behaviors
altering the developmental trajectories of childasa completed suicide, substance abuse, and legal
affected by BD, which, in turn, may further pgoroblems, which all interfere with psychosocial
petuate bipolar symptoms in a cyclical fashitavelopment. Early identification and combined
(Figure 1) During the past decade, investigat@sarmacological and psysocial interventions
have made progress toward the goal of understaedzornerstones for treating children with BD and
ing the onset and course of BD in children angproving their long-term outcomes.
adolescents. Studies using diagnostic instruments
and rating scales have validated the existenEetofe perspective
BD in pediatric populations. Moreover, there Hasspite the progress in understanding the impact
been initial progress in identifying specific biolagfi-BD in pediatric development, future longitudi-
cal markers for BD. Emerging data suggest tfatcontrolled studies are needed to examine the
children and adolescents with BD are characteg$fieccts of specific mosttes in individuals with
cally different from adults with BD, and in chiBD, to develop rational treatment strategies in
dren BD is principall characterized by corehildren with and at-risk for developing BD, and
disturbances in emotion regulation and attentitmdetermine the neurodevelopmental trajectories
Structural, functional and genetic data suggestdfiahis disorder. With additional investigations
the emotion dysregulation associated with BRrifying the developmental underpinnings of
may interfere with healthy brain developmeBD, patients may be more accurately diagnosed
Moreover, cognitive defiditsBD occur regardlessand more effectively treated.
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Executive summary

Hypothesis 1: Bipolar disorder symptom expression leads to emotion dysregulation, which impacts healthy
brain development.

¥ Bipolar disorder (BD) is principally characterized by corstdirbances in emotion regulation and attention, which manifests
differently across the lifespan.

¥ Structural, functional, and genetic data suggest that emotiomlysregulation associated with BD may interfere with healthy
brain development.

Hypothesis 2: BD disrupts cognitive development & interferes with academic progress

¥ Cognitive deficits in BD occur regardless of illness state, dieation exposure, or attentionédeficit hyperactivity disorderand
include deficits in working andverbal memory functions, attenton, and executive functioning.
¥ BD-related cognitive impairment may interfere with normal academic functioning and requires school intervention.

Hypothesis 3: BD causes impairments in psychosocial development

¥ BD is associated with high rates of recurrent symptoms, hosgiizations, and psychosis, and treases the riskor suicidal
behaviors and completed suicide, substance abuse and legal problems, which all interfere with psychosocial development.
¥ Children and adolescents with BD have impairments in social cognition.

Prevention & early intervention

¥ Studies on children at familial high risk for devefning BD have shown improvements in symptoms with
pharmacological treatment.

Treatment: pharmacological

¥ The Food and Drug Administration (FDA) has approved lithium (for ages2) and risperidone (for ages$ 10 years) for use in
pediatric BD.

¥ There are several emerging double-blind placebo-controlled trials demonstrating the efficacy of atypical antipsychotics fer th
treatment of acute mania in pediatric populations. However, citdren and adolescents should be carefully monitored for adverse
reactions to these and other pharmacological agents.

Treatment: psychosocial interventions

¥ Psychoeducation provided by pediatricians and mental health providers may be helpful for families affected by BD.
¥ Cognitivebbehavioral and family-focused therapies are important adjuncts to pharmacological treatments.

Conclusion

¥ During the past decade progress has been made to understand the onset and course of BD in children and adolescents.

¥ Specific biological markers for BD have been proposed and more developmentally sensitive diagnostic criteria are applied when
making a diagnosis.

¥ Future research may elucidate the developmental trajectories ioflividuals affected by BD who are diagnosed and treated early
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