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C h a p t e r  1 1

Social Cognition and Cognitive Flexibility 
in Bipolar Disorder

Erin B. McClure-Tone

A rapidly growing literature examines the impact of bipolar disorder (BD) on 
social cognition, or patterns of thought about interpersonal interaction, and 

social behavior. Considerable evidence indicates that acquisition and implemen-
tation of an array of social cognitive and behavioral skills are disrupted in the 
context of this psychiatric illness. Furthermore, numerous studies link the social 
deficits evident in BD with atypical development in brain regions implicated in 
social and emotional processing. Elucidating the social disruptions evident across 
the life span in individuals with BD, how these disruptions relate to specific behav-
ioral deficits or endophenotypes, and their underlying neural mechanisms may 
help inform our understanding not only of psychopathological processes but also 
of typical social development at the behavioral and neural levels. Additionally, 
clarification of social deficits and strengths associated with BD, as well as their 
neural underpinnings, may facilitate the development of effective and explicitly 
targeted interventions.

Several factors, however, complicate the description and evaluation of social 
functioning, its component processes, and their typical or atypical development 
in the context of BD. First and foremost, researchers and clinicians have in recent 
years classified a diversity of conditions as representative of the BD spectrum, 
particularly among children and adolescents (Geller et al., 2003; Leibenluft, Char-
ney, Towbin, Bhangoo, & Pine, 2003; Soutullo et al., 2005; Staton, Volness, & 
Beatty, 2008; Youngstrom, Birmaher, & Findling, 2008). Whether or not symp-
toms such as grandiosity or elation need to be present in youth and how best to 
define these symptoms in youth of different ages remain controversial (Staton et 
al., 2008), as do the boundaries between attention- deficit/hyperactivity disorder 
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(ADHD) and the BD spectrum (Galanter & Leibenluft, 2008). Furthermore, some 
researchers have developed criteria for distinguishing strictly diagnosed BD from 
related conditions; Leibenluft, Charney, and colleagues (2003), for example, make 
a distinction between narrow and broad phenotypes for mania in pediatric BD. 
According to this system, individuals with the narrow phenotype meet full Diag-
nostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV; American 
Psychiatric Association, 1994) diagnostic criteria for hypomania or mania; those 
with a related, but broader, phenotype that they term severe mood dysregulation 
(SMD) exhibit severe irritability and hyperarousal, but do not show the hallmark 
symptoms of elation or grandiosity (Leibenluft, Charney, et al., 2003). Finally, the 
role of irritability in BD has been extensively debated (Biederman, Klein, Pine, & 
Klein, 1998; Leibenluft, Blair, Charney, & Pine, 2003; Leibenluft, Cohen, Gor-
rindo, Brook, & Pine, 2006). This issue has been complicated to resolve, in part 
because irritability is normatively common, particularly during some develop-
mental periods, and also frequently reported as characteristic of youth with a 
range of psychopathology (Leibenluft, Blair, et al., 2003). Thus, not surprisingly, 
different research groups over the past decade have used varied inclusion criteria 
to identify participants with pediatric BD, rendering direct comparisons of results 
across studies difficult. Because of the importance of clarity around fundamental 
issues of diagnosis and categorization, this chapter will note instances where cri-
teria used to identify youth with BD vary from those listed in the DSM (American 
Psychiatric Association, 1994).

Second, it remains unclear whether social impairments associated with BD are 
state dependent (i.e., present only during mood episodes) or reflective of enduring 
trait-like characteristics that influence cognition and behavior even when indi-
viduals are asymptomatic. Commendably, many studies now clearly describe par-
ticipants’ mood states and medications at the time of research participation, and a 
growing body of research compares medicated and unmedicated and/or euthymic 
and symptomatic subgroups. Almost no research, however, has looked at whether 
patterns of social cognition and behavior differ within individuals when they are 
euthymic versus symptomatic or medicated versus unmedicated. This gap in the 
literature reflects the complexity of conducting such studies. Although within-
 subject research is of great interest, it is difficult to carry out. Thus, little is known 
about whether patterns of performance on research tasks reflect stable or tran-
sient deficits or strengths within individuals.

Third, the impact of acute BD symptoms and more stable illness- related 
deficits on social cognition and behavior is likely to vary across development, 
given differing social demands and expectations that individuals face at differ-
ent ages. Mood- related behaviors or intensity levels that are considered typical 
at one developmental stage (e.g., need- related crying among infants, irritability 
in mid- adolescence) may be considered atypical at other points (Leibenluft et 
al., 2006; St. James- Roberts & Plewis, 1996). Thus, the developmental context 
of the affected individual, both at the time of study participation and at illness 
onset, should ideally be taken into account in evaluating the roles that symp-
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toms, illness- related deficits, and risk- related deficits play in social success or 
impairment. Onset before adolescence, for example, may interfere with the suc-
cessful mastery of basic social cognitive skills (e.g., facial expression decoding or 
response inhibition) that form the basis of later emerging, more complex skills. In 
contrast, later onset of illness may result in a markedly different pattern of spared 
and impaired functions.

The following review of select aspects of social cognitive and behavioral devel-
opment as they relate to BD is written with an effort to take these complicating 
factors into account. This review briefly summarizes primary social milestones 
and their emergence during typical development as well as what we know about 
their neural underpinnings. It then shifts focus to the literature regarding social 
functioning in individuals with BD across development and, finally, examines 
behavioral and neural research regarding component social cognitive and behav-
ioral processes in affected individuals and those who are genetically at risk for BD. 
There is a particular focus on affective cue processing, flexible response genera-
tion and inhibition, and management of affective states that are likely to interfere 
with effective implementation of these skills.

typIcal socIal cognItIve Development

Across development, social success depends on the ability to navigate complex, 
frequently shifting interpersonal and environmental demands. This navigation 
requires the integration of multiple discrete skills, including accurately perceiv-
ing and interpreting social cues, responding flexibly and appropriately to those 
cues, and regulating one’s own emotional reactions throughout (Crick & Dodge, 
1994). In typical development, these skills emerge gradually from infancy through 
adulthood, evolving as the individual negotiates increasingly complex social 
interactions. In the first years of life, infants learn to use adult cues as reference 
points, laying a foundation of core social cognitive skills, including joint attention 
and the capacity for progressively more sophisticated dyadic and triadic interac-
tions with people and objects (Carpenter, Nagell, & Tomasello, 1998). During the 

Goals of thIs Chapter

Within a developmental psychopathology context, review the literature regarding affec-••
tive cue processing, flexible response generation and inhibition, and management of 
affective states in BD across the life span.

Identify similarities and differences in social functioning between individuals with and ••
without BD.

Highlight study, participant, and task characteristics that complicate the interpretation ••
of findings.
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preschool years, as their verbal and nonverbal language skills develop, children 
build on this social cognitive base to become increasingly adept at discriminat-
ing among and interpreting social and emotional cues such as facial expressions 
(McClure, 2000); theorizing about others’ states of mind (Milligan, Astington, & 
Dack, 2007; Wellman, Lopez-Duran, LaBounty, & Hamilton, 2008); and select-
ing or inhibiting behavioral responses in accordance with situational demands 
(Lagattuta, 2005).

In the middle childhood period, between approximately 7 and 11 years of 
age, as peer relationships become increasingly important and focused on mutual 
trust and assistance (Sullivan, 1953), social cognitive skills refine and expand. 
Children develop more complex mechanisms for managing their emotions and 
behaviors in stressful situations (Kliewer, Fearnow, & Miller, 1996), conform 
more tightly to social rules for displaying emotion (Jones, Abbey, & Cumberland, 
1998), become more sophisticated in their understanding of others’ mental states 
(Schwanenflugel, Fabricius, & Alexander, 1994), and learn to implement more 
flexibly a broad array of tools for and approaches to social problem solving (Crick 
& Dodge, 1994). These skills continue to develop through adolescence and into 
adulthood, with successful mastery increasingly important for both personal and 
occupational success (Fullerton & Ursano, 1994; Reisman, 1985).

neural unDerpInnIngs of socIal cognItIve Development

The acquisition of social cognitive and behavioral skills, a process that begins 
early in development, appears to depend, at least in part, on the healthy matura-
tion of a core set of interconnected neural structures (Blakemore, 2008; Nelson, 
Leibenluft, McClure, & Pine, 2005; Paterson, Heim, Friedman, Choudhury, & 
Benasich, 2006). These brain regions, which undergo structural and functional 
changes from infancy through adulthood (Giedd, 2004; Gogtay et al., 2004; Sow-
ell, Trauner, Gamst, & Jernigan, 2002), constitute what Nelson and colleagues 
(2005) have termed the social information processing network (SIPN). This net-
work consists of three reciprocally interactive primary “nodes”: the detection 
node, the affective node, and the cognitive- regulatory node.

The detection node includes the superior temporal sulcus, fusiform face area, 
and inferior temporal and occipital cortices, all structures that play key roles in 
the detection and decoding of socially salient environmental features. Available 
data, which include findings from electrophysiological studies demonstrating 
distinct neural responses to various classes of social stimuli in human infants, 
suggest that functional aspects of this node mature as early as the first years of 
life (Halit, Csibra, Volein, & Johnson, 2004; Halit, de Haan, & Johnson, 2003; 
Johnson et al., 2005).

The affective node, which comprises regions engaged by reward or punish-
ment cues (e.g., amygdala and ventral striatum), evaluates the emotional sig-
nificance of salient stimuli and participates in the coordination of appropriate 
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behavioral responses. Available data in nonhuman species suggest that structures 
within this node contribute to social cognition and behavior in meaningful ways 
as early as the neonatal period (Bauman, Lavenex, Mason, Capitanio, & Amaral, 
2004; Goursaud & Bachevalier, 2007). They continue to evolve across develop-
ment, undergoing relatively abrupt functional and structural changes during the 
surge of gonadal hormones that accompanies puberty (Giedd, Castellanos, Raja-
pakse, Vaituzis, & Rapoport, 1997; Nelson et al., 2005).

The cognitive- regulatory node encompasses several regions within the frontal 
cortices. Structures within this node, which appear to continue developing well 
into adolescence and early adulthood (Gogtay et al., 2004), participate in theory-
of-mind processes (e.g., attributing mental states to others), inhibition of prepo-
tent responses, and generation of goal- directed behavior (Nelson et al., 2005). 
Evidence from animal studies indicates that projections between the cognitive-
 regulatory and affective/detection nodes are consistent with reciprocal feedback 
loops, such that activity in one node influences or modifies activity in others 
(Barbas, 2007). Thus, atypical functioning in one node is likely to affect function-
ing in other nodes, even those that might, in artificial isolation, operate in typical 
ways.

Interestingly, the different developmental courses for structures in the detec-
tion, affective, and cognitive- regulatory nodes might relate to the emergence of 
dysfunctional behavior patterns at different developmental stages. Many investi-
gators have speculated, for example, about the degree to which adolescent impul-
sivity and risk taking stem from emotional influences and other processes medi-
ated by the affective node, in the context of limited inhibition or other regulatory 
influences mediated by the cognitive- regulatory node (Nelson et al., 2005). Such 
behavioral tendencies may reflect operation of the mature affective node in con-
cert with the immature cognitive- regulatory node. Similarly, atypical develop-
ment within the early- maturing detection node could have a cascade of effects 
on functioning in associated brain regions that mature later. It is critical that 
research articulate more clearly the developmental course of BD at neural as well 
as phenomenological and functional levels; underlying neural mechanisms may 
be critically important in determining both concurrent and delayed functional 
outcomes. Such research needs to focus not only on youth who have been diag-
nosed with BD but also those at risk, who may show atypical patterns of neural 
development in the absence of active symptoms.

stuDIes of socIal functIonIng  
In InDIvIDuals WIth BIpolar DIsorDer

Social Functioning in Adults with Bipolar Disorder

Social functioning is commonly impaired in adults with BD, which presents obsta-
cles to personal and occupational success during both symptomatic and euthymic 
periods (Fagiolini et al., 2005; Pope, Dudley, & Scott, 2007; Simon, Bauer, Lud-
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man, Operskalski, & Unutzer, 2007). Indeed, one literature review found that 
between 30 and 60% of affected adults showed detectable social and occupational 
impairment during and even after long periods of remission (MacQueen, Young, 
& Joffe, 2001). Social impairment in adults with BD has typically been measured 
using self- report scales and has focused on the broad presence or absence of diffi-
culty forming and maintaining close relationships or participating in social leisure 
activities. A small body of research has examined more specific social skills as 
well. In one study of adults diagnosed with BD, for example, euthymic individuals 
generated fewer solutions during a hypothetical social and moral problem- solving 
task than healthy controls. Furthermore, the more mood episodes experienced by 
individuals with BD, the less effective their generated solutions were likely to be, 
by both self- and observer rating (Scott, Stanton, Garland, & Ferrier, 2000).

In adults, social functioning difficulties appear to be pronounced in the pres-
ence of active manic or depressive symptoms and, more generally, vary depending 
on current affective state. For example, hypomania has been particularly strongly 
associated with elevated friction in relationships (Morriss et al., 2007). Mood 
states that can be associated with both mania and depression, such as anger, also 
have the potential to disrupt adult social functioning. For example, adults with 
BD reported more bursts of sudden, intense, situationally inappropriate anger 
during depressive episodes than did adults with unipolar depressive disorders 
(Perlis et al., 2004). Such expressions of unpredictable, inappropriate negative 
affect are likely to impede effective social interaction under many circumstances 
(Rydell, Thorell, & Bohlin, 2007; Tamir, Mitchell, & Gross, 2008).

Social Functioning in Youth with Bipolar Disorder

Findings regarding social functioning among youth diagnosed with BD are less 
consistent than those in the adult literature. This reflects several factors: first, 
the heterogeneity of conditions labeled as BD among children and adolescents; 
second, the differing social demands that youth face at different ages; third, vari-
ability in study designs, which include retrospective, cross- sectional, and longitu-
dinal approaches; and fourth, the need to obtain reports regarding social behav-
ior from multiple sources, such as parents and their affected children. Although 
data from both sources are valuable, parent reports need to be evaluated care-
fully because parent mood symptoms/disorders, which are likely to be common 
given the familial nature of BD, may influence parents’ perceptions of and inter-
actions with their children (Brotman et al., 2007; De Los Reyes & Kazdin, 2006; 
Edvardsen et al., 2008). In light of this caveat, some research has found that youth 
with BD have impaired relationships with family members and peers. Most of 
this research has focused on older children and adolescents (Geller et al., 2000; 
Robertson, Kutcher, Bird, & Grasswick, 2001; Schenkel, West, Harral, Patel, & 
Pavuluri, 2008); published research that characterizes patterns of social behavior 
in preschool and early elementary–age children with BD spectrum disorders or 
symptoms is notably lacking.
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A few studies focused on middle childhood through late adolescence have 
yielded evidence of elevated conflict between individuals with BD and their par-
ents, regardless of the child’s current mood state (Table 11.1). In one of the first 
studies of psychosocial functioning in pediatric BD, Geller and colleagues found 
that affected youth (some of whom also had comorbid ADHD) and their moth-
ers reported less maternal–child warmth, more maternal–child and paternal–
child tension, and more problematic peer relationships than did both ADHD 
and nonpsychiatric control groups (Geller et al., 2000). Further research on this 
sample, which the authors followed longitudinally for 2 years, yielded evidence of 
additional differences in social behavior among groups. By parent report, youth 
with BD were less cooperative than both youth with ADHD and controls. Fur-
thermore, compared with controls, members of the BD and ADHD groups were 
more novelty seeking, more reward dependent, and less persistent or self- directed. 
Youth with BD described themselves as less persistent and self- directed as well 
as more novelty seeking than controls but did not differ in self- report from peers 
with ADHD (Tillman et al., 2003).

Schenkel, West, and colleagues (2008) replicated and extended Geller and 
colleagues’ findings regarding family interaction patterns by asking mothers 
to evaluate their relationships with their 8- to 17-year-old (mean, 11.27 years) 
children with or without BD. In this study, mothers of healthy controls (n = 30) 
reported feeling more warmly toward and having better relationships and less 
conflict with their children than did mothers of medicated, euthymic BD youth 
(n = 30). Mothers with younger children with BD, as well as those whose children 
had earlier symptom onset, reported the most conflictual relationships with their 
offspring (Schenkel, West, et al., 2008). Notably, the presence of both mother and 
father mood disorder diagnoses predicted significantly lower maternal ratings of 
warm and intimate relationships with their children, underscoring the impor-
tance of taking parent, as well as child, mental health into account when evaluat-
ing social and relational characteristics of youth with BD.

A few studies have examined self- perceived social and family functioning in 
adolescents with BD, yielding findings similar to those obtained from affected 
adults. In research focused on family interaction, for example, older adolescents 
(18–19 years old) with bipolar I disorder who were mildly symptomatic but not in 
depressive or manic episodes reported significantly more problems with their par-
ents than did peers with unipolar major depressive disorder (MDD) or commu-
nity controls. For all groups, however, problematic interactions between adoles-
cents and parents were minor and infrequent. Youth with BD, relative to controls, 
reported less positive relationships with siblings and described their families as 
less cohesive (Robertson et al., 2001).

A study focused more explicitly on individual social coping skills also yielded 
findings consistent with those from adult- focused research. Specifically, 13- to 
17-year-old adolescents with postpubertal-onset BD (n = 24) reported more exter-
nal loci of control and greater difficulties regulating emotion in anger- provoking 
situations than healthy comparison youth (n = 39). Participants with BD also 
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endorsed less effective coping strategies than control participants; for example, in 
coping with difficult situations, they described themselves as less capable, more 
likely to reduce tension using maladaptive methods (e.g., screaming, substance 
use, taking frustration out on others), and more likely to blame themselves for 
their problems. Furthermore, adolescents with BD perceived themselves as less 
solution focused than controls (Rucklidge, 2006).

Social Impairment in Bipolar Disorder:  
Marker of Illness or Vulnerability to Illness?

The studies described previously provide important snapshots of perceived social 
functioning in youth with BD, from both their own and their parents’ perspectives. 
They are limited, however, on several fronts, leaving many questions open. First, 
they provide limited insight into the timing of social impairments in pediatric 
BD. Are such deficits “episode indicators” evident during active periods of illness 
but not remission (Nuechterlein & Dawson, 1984)? Alternatively, do they con-
stitute “mediating vulnerability indicators” or chronic characteristics of affected 
youth, which become particularly severe during episodes? Given findings regard-
ing state- related cognitive deficits in adults with active or remitted BD (Bozikas et 
al., 2005; Iacono, Peloquin, Lumry, Valentine, & Tuason, 1982; Liu et al., 2002), 
this question merits closer examination.

One approach is to examine functioning before illness onset in youth who 
eventually develop BD, either retrospectively in affected populations or prospec-
tively in high-risk groups. The first studies to take this approach examined school 
records or asked parents to evaluate retrospectively whether affected children had 
displayed social impairment before their symptoms became evident. Kutcher, 
Robertson, and Bird (1998) found that parent recollections and school records 
regarding a sample of individuals with adolescent-onset BD (mean age at first 
depressive episode, 15.8 years; mean age at first manic episode, 16.7 years) yielded 
little evidence of premorbid social impairment. Indeed, their data indicated that 
90% of the sample had average to excellent peer relationships before illness onset 
(Kutcher et al., 1998). In a second retrospective study, mothers of older adolescents 
and adults with BD, schizophrenia, or no impairment (aged 16–50 years) were 
asked to evaluate childhood and adolescent social functioning in their offspring. 
In contrast to Kutcher and colleagues’ findings, individuals who had developed 
BD were rated as less socially adept during youth than controls, although impair-
ment was less severe and long standing in the BD group than in those who later 
developed schizophrenia (Cannon et al., 1997).

These findings must be interpreted cautiously because of their retrospec-
tive nature. First, awareness of their children’s diagnoses and, later, diagnosis-
 associated behaviors may have biased parents’ recollections of earlier behavior 
either positively or negatively. Second, because no data were provided regard-
ing family history of psychopathology in either study, it is unclear whether and 
how current or past symptoms in the maternal reporters influenced their descrip-
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tions of their children. Such confounds are difficult to avoid in retrospective stud-
ies, although use of additional sources, such as the school records that Kutcher 
and colleagues (1998) reviewed, mitigates the potential impact of parent biases. 
Therefore, researchers have shifted to studies focused on current behavior or, 
when possible, prospective longitudinal designs, typically targeting the offspring 
of adults with BD.

Using cross- sectional data from a longitudinal study, researchers compared 
social functioning between high- and low-risk youth in both younger (11–18 
years) and older (18–26 years) age ranges (Reichart et al., 2007). Participants in 
the high-risk group each had a parent with BD; low-risk peers were drawn from 
large samples of the Dutch general population. Within both age ranges, the two 
risk groups differed minimally on well- normed, standardized parent-, teacher-, 
and child- report measures of social functioning, but adaptive functioning and 
family relationships were poorer in older high-risk participants than in their low-
risk peers, particularly those who had been diagnosed with a lifetime mood or 
other disorder. Findings from this study are complicated by the fact that over 
half of the high-risk sample had been diagnosed with either a mood disorder or 
another psychiatric illness by the end of the study. Thus, current symptoms at 
the time of evaluation may have affected their social behavior independently of 
familial risk.

Petti and colleagues (2004) used a within- family design to contrast an array 
of psychosocial variables between 7- to 16-year-old offspring with parents who 
either did (n = 23) or did not (n = 27) have BD. Of the youth with affected parents, 
nine had affective disorders of their own; three of the offspring of nonaffected 
parents received affective disorder diagnoses. Children with affective disorders, 
regardless of parent diagnosis, reported receiving more social support in the 
form of positive regard from classmates, teachers, and parents than did healthy 
youth. Neither child nor parent diagnostic status differentiated participants with 
regard to perceptions of family closeness, although parents of diagnosed children 
reported more disciplinary issues than parents of healthy children (Petti et al., 
2004).

Although several prospective longitudinal studies of offspring at risk for 
BD have been conducted or are underway (Alloy, Abramson, Walshaw, Keyser, 
& Gerstein, 2006; Anderson & Hammen, 1993; Hillegers et al., 2004), surpris-
ingly few have published data regarding social functioning in their participants. 
In one such study, Anderson and Hammen (1993) followed four groups of 8- to 
16-year-old children (offspring of unipolar depressed, bipolar, medically ill, and 
psychiatrically typical women; n = 96) for 2 years. During the course of the study, 
mothers evaluated the social competence, academic performance, and behavior 
problems of their children at 6-month intervals. Teachers also completed standard 
measures, whenever possible, regarding each child’s behavior and social function-
ing at school. Results yielded little evidence of social or behavioral impairment 
among children of mothers with BD, who differed minimally from the children 
of control mothers. In contrast, children of mothers with unipolar depression 
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showed chronically and significantly poorer social functioning on all measures 
compared with the other three groups, including the offspring of BD (Anderson 
& Hammen, 1993). This finding could reflect a number of factors, including dif-
ferences between mothers with unipolar depression and BD in symptom severity 
or chronicity, treatment history (e.g., mothers with BD may have received treat-
ment earlier or more consistently than those with unipolar depression), or social 
support. Furthermore, although the researchers gathered data regarding child 
diagnoses, these data were not presented in the Anderson and Hammen study; it 
is thus difficult to evaluate the impact, if any, of active child symptoms on social 
functioning.

Social Functioning in Bipolar Disorder: Summary and Future Directions

Taken together, these findings suggest that once children have begun to exhibit 
BD symptoms, they are likely to lag behind their peers in terms of social func-
tioning regardless of whether they are observed in an active mood episode. The 
research base with regard to this example of equifinality is strikingly incomplete, 
and further study is clearly warranted, with attention to several factors. First, 
although researchers have begun to conduct prospective, longitudinal studies 
focused on outcomes in children who are at risk for BD or show early symptoms 
of the disorder, few characterize social functioning in these youth across different 
developmental phases.

Second, almost no research has targeted participants in infancy or early child-
hood and followed their development through adolescence or adulthood. Indeed, 
most prospective studies focused on pediatric BD or risk for BD have enrolled 
participants in middle childhood or early adolescence and followed them for 2 to 
5 years (Anderson & Hammen, 1993; Geller et al., 2002; Hillegers et al., 2004). 
Research over longer periods of time is expensive and difficult to conduct but 
absolutely essential to answer questions about the onset of social deficits associ-
ated with BD. Notably, several groups have prospective studies underway that are 
aimed at identifying and following young children with mood symptoms and/or 
family histories of BD.

Third, as noted earlier, extant studies differ according to whether they take 
into account child and parent symptoms and medication status at the time of data 
collection and the impact of these variables on reports regarding child behav-
ior and functioning. Given the risk that current mood state may bias responses, 
future research, in keeping with recent trends in work on pediatric BD, must 
evaluate the impact of mood on reports regarding social behavior. More routine 
inclusion of reports from nonfamilial sources (teachers, peers, research observers) 
would not only provide useful information regarding potential biases in parent or 
child reporters but would also help clarify how social functioning in affected or 
at-risk youth varies across different settings (e.g., school, home).

Fourth, even if social functioning is typically healthy before the onset of BD, 
trajectories of social functioning may, in keeping with the concept of multifinal-
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ity, vary across youth who become symptomatic at different ages, who express the 
disorder in different ways (e.g., rapid cycling, predominantly depressed, predomi-
nantly manic), who have varying comorbid diagnoses, or who experience differ-
ent levels of environmental support or adversity. For example, symptoms that 
manifest early may, in keeping with the “scar hypothesis” (Lewinsohn, Steinmetz, 
Larson, & Franklin, 1981), affect children in enduring ways that influence their 
later social functioning. Children whose symptoms cycle more unpredictably 
or rapidly may elicit different responses from those in their environments (e.g., 
increased frustration) than do children whose symptoms appear in the context 
of circumscribed episodes, leading the two groups to develop different styles of 
interpersonal interaction and different types of social strengths and weaknesses. 
No research has examined individual difference variables such as sex and age in 
relation to psychosocial outcomes in BD.

Environmental factors that may serve as protective or risk factors and thus 
diminish or amplify the social consequences of BD also merit attention. In par-
ticular, what do families, teachers, peers, and others in the environment do that 
helps some children avoid negative social outcomes or that increases risk for 
such outcomes in others? Additionally, where do youth with BD resemble typical 
peers? Findings from at least one study, for example, suggest that adolescents with 
BD show social performance deficits by their own and their parents’ reports. Spe-
cifically, adolescents with BD rate themselves as more inappropriately assertive, 
impulsive, jealous, withdrawn, and overconfident than do healthy controls, and 
their parents rate them as more likely to behave inappropriately in social situa-
tions. However, they do not differ from healthy controls in their social knowledge 
(Goldstein, Miklowitz, & Mullen, 2006). Notably, social skills evaluations in this 
study took place when participants’ BD symptoms were well controlled, decreas-
ing the possibility of mood/state- related biases in self- ratings.

Finally, there is a need to elucidate the specific deficits that underlie social 
dysfunction in BD. Difficulties in encoding facial emotions, for example, may be 
more likely than global patterns of social behavior or cognition to represent stable 
endophenotypes (enduring vulnerability characteristics) of the disorder. By iso-
lating component skills, in addition to global patterns of social success or failure, 
research may facilitate the development of targeted prevention or intervention 
approaches that will decrease the effects of BD on social development and func-
tioning. In the next sections, research on specific social deficits associated with 
BD, as well as their neural correlates, is reviewed.

specIfIc socIal DefIcIts assocIateD WIth BIpolar DIsorDer

Clinicians and researchers have long recognized that individuals with BD show 
not only evidence of general social dysfunction but also broad symptomatic pat-
terns (e.g., irritability, impulsivity, withdrawal) that are likely to interfere with 
relationships. Only recently has research begun to characterize more precisely 



346 ETIOLOGY/RISK AND PROTECTIVE MECHANISMS 

the nature of behavioral and social cognitive deficits associated with the disorder. 
Studies over the past several years have compared individuals with and without 
BD on a wide array of social and social cognitive variables that reflect multiple 
social information processing stages, such as those that Crick and Dodge (1994) 
described in a seminal theoretical report (Crick & Dodge, 1994). In keeping with 
Crick and Dodge’s model, the present chapter focuses specifically on work regard-
ing the accurate perception and interpretation of social cues, the formulation of 
flexible and appropriate responses to those cues, and the regulation of emotional 
reactions in individuals, predominantly youth, with and without BD.

Perception and Interpretation of Social Cues

Several studies in recent years have targeted the recognition and interpretation 
of social cues as potentially deficient skills in individuals with BD. Much of this 
research has found that BD is associated with deficits in the labeling of emotional 
facial expressions, in samples of both adults (Getz, Shear, & Strakowski, 2003; 
Lembke & Ketter, 2002) and children (Guyer et al., 2007; McClure, Pope, Hober-
man, Pine, & Leibenluft, 2003; McClure et al., 2005; Rich, Grimley, et al., 2008; 
Schenkel, Pavuluri, Herbener, Harral, & Sweeney, 2007), although specific pat-
terns of performance vary across studies. Studies have focused predominantly on 
adults or adolescents; relatively little is known about facial expression processing 
in younger children with BD or individuals who are at risk for the disorder. Fur-
thermore, whether documented deficits are trait based or state based (i.e., related 
to current mood state) remains unclear, although some studies have made efforts 
to address this issue. A growing body of evidence indicates that at least some 
aspects of facial expression processing are impaired regardless of current mood.

In the most comprehensive study to date of youth with different psycho-
logical disorders, Guyer and colleagues (2007) compared performance on a facial 
emotion labeling task among adolescents (mean ages by group ranged from 
approximately 12–15 years) with BD (n = 42), severe mood dysregulation (SMD; n 
= 39) (Leibenluft, Charney, et al., 2003), anxiety or MDD (n = 44), ADHD/conduct 
disorder (n = 35), and controls (n = 92). Consistent with earlier, smaller studies 
(e.g., McClure et al., 2003, 2005), results indicated expression labeling deficits 
across an array of facial emotions (happy, sad, angry, fearful) in the BD and SMD 
groups relative to controls and other clinical groups. Errors did not differ based 
on the ages of the face stimuli or the emotions (happy, sad, angry, or fearful) dis-
played; however, the authors note that power limitations may have obscured such 
specific group differences (Guyer et al., 2007). Interpretation of study findings is 
complicated by the facts that current mood state (euthymic, manic, depressed) 
varied within the BD group, and that many participants within the BD and SMD 
groups were medicated at the time of evaluation, unlike members of the other 
groups. Post hoc analyses, however, comparing euthymic participants with BD (n 
= 25) and control (n = 92) groups indicated comparable deficits to those seen in 
the combined euthymic/symptomatic BD group. Indeed, McClure and colleagues 
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(2005) obtained similar results in a smaller sample. Furthermore, unmedicated 
BD/SMD youth differed from controls in their overall task performance, with 
consistently lower scores.

Whereas Guyer and colleagues (2007) examined skill at classifying emotions 
into discrete categories, Rich, Grimley, and colleagues (2008) evaluated capacity 
to correctly identify facial expressions presented at gradually increasing emotional 
intensity in adolescents with narrow- phenotype BD, SMD, and no diagnosis. Each 
stimulus began as a neutral face and was morphed gradually into an emotional 
(happy, surprised, sad, angry, fearful, disgusted) face; participants pressed a but-
ton as soon as they believed they had accurately identified the depicted expres-
sion. Regardless of the emotion presented, youth with BD and SMD required more 
intensity to be apparent before they responded at all; they also correctly identified 
disgusted, surprised, happy, and fearful faces at later points than did controls.

Another recent study focused more explicitly on associations between facial 
expression processing deficits and both medication and current mood state in 
youth with DSM-IV BD (Schenkel et al., 2007). This study compared performance 
on two facial expression processing tasks in young adolescents (mean age, 11–12 
years) who were either healthy (n = 28), diagnosed with BD and euthymic (n = 29), 
or diagnosed with BD and acutely symptomatic (n = 29). On the first task, which 
required participants to identify which of two faces displayed a single emotion 
more intensely, only symptomatic youth with BD performed more poorly than 
controls. On the second task, which involved rating emotional expressions along 
a 7-point continuum ranging from very happy to neutral to very sad, both euthy-
mic and symptomatic youth with BD underestimated the intensity of emotional 
faces compared with healthy controls. Results suggest that some emotion process-
ing impairments may be associated with acute symptomatology, whereas other 
kinds of impairment may constitute trait or risk markers.

Consistent with the possibility that impairment in particular aspects of emo-
tion processing may be related to risk for BD, Brotman and colleagues (2008) 
found that 4- to 18-year-olds without BD diagnoses but with an affected parent or 
sibling performed more poorly than controls on a facial expression labeling task. 
Their peers diagnosed with BD also performed more poorly than controls (Brot-
man et al., 2008).

Thus, on tasks that involve different kinds of facial expression processing 
(e.g., discrimination, labeling, evaluation of intensity), children and adolescents 
with BD appear to show fairly consistent deficits, some of which are apparent 
regardless of current mood state (e.g., expression labeling and intensity rating) 
and thus may represent endophenotypes for the disorder and others of which 
relate more specifically to the presence of active symptoms (e.g., discrimination 
between expressions that differ subtly in intensity). More research is needed to 
delineate the impact that such facial expression processing deficits have on day-
to-day social behavior; the first study to examine this question in youth with BD 
indicates that they may correlate meaningfully with impaired social reciprocity 
skills (Rich, Grimley, et al., 2008). In notable contrast, in this study, facial expres-



348 ETIOLOGY/RISK AND PROTECTIVE MECHANISMS 

sion processing deficits correlated significantly with family dysfunction in youth 
with SMD, but not with BD, which suggests that the effects of emotion process-
ing deficits may vary markedly depending on the nature and severity of a child’s 
dysfunction.

At least two studies on perception of social cues in individuals with BD focused 
more broadly on performance on theory-of-mind or social inference tasks. Like 
most of the research on facial expression processing in BD, this body of work has 
been limited to studies of adolescents and adults (Kerr, Dunbar, & Bentall, 2003; 
Schenkel, Marlow-O’Connor, Moss, Sweeney, & Pavuluri, 2008), with little to no 
attention yet to preadolescent children or asymptomatic individuals at risk for BD. 
This small literature suggests that BD may be associated not only with deficits 
in basic emotion processing but also with impairment in more complex social 
cognitive domains. Schenkel, Marlow-O’Connor, and colleagues (2008) examined 
performance on two theory-of-mind tasks, one designed to measure ability to 
infer others’ intents and the other developed to tap false- belief understanding 
in emotional contexts. Adolescents with BD who showed at least two hallmark 
symptoms (elation, irritability, grandiosity; n = 26) performed significantly more 
poorly than healthy controls (n = 20) on both tasks (Schenkel, Marlow-O'Connor,  
et al., 2008). Findings were comparable to those obtained in studies of adults 
with BD, in which symptomatic individuals (Kerr et al., 2003) and, in some stud-
ies, euthymic patients with BD (Bora et al., 2005; Pollak & Tolley- Schell, 2003) 
showed theory-of-mind deficits.

Formulation of Appropriate Responses to Social Cues

Surprisingly little research has examined whether BD is associated with aberrant 
responses in social situations, particularly early in development. Such a pattern 
of deficits seems plausible, given the evidence that affected individuals appear to 
misread or misinterpret others’ cues and thus may generate responses that are 
incongruent or inappropriate. Towbin, Pradella, Gorrindo, Pine, and Leibenluft 
(2005) compared patterns of social behavior among 8- to 18-year-old youth with 

perCeptIon and InterpretatIon of soCIal Cues

Both adults and youth with BD, as well as youth at risk for BD, perform more poorly ••
than controls on facial expression recognition tasks.

Although some deficits appear consistent across euthymic and manic/depressed mood ••
states (e.g., facial expression labeling), others appear to emerge only during mood epi-
sodes (e.g., discrimination among subtly differing expressions).

Deficits in processing more complex social cues, such as those associated with infer-••
ences regarding others’ mental states, are also evident in adolescents and adults with 
BD.
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BD, SMD, or major depression and/or anxiety disorders using a series of parent-
 report measures developed to identify children with characteristics of pervasive 
developmental disorders (e.g., autism, Asperger) and describe their social func-
tioning. Results indicated marked social interaction deficits in the BD and SMD 
groups compared with the MDD/anxiety group. Furthermore, when scores were 
compared with normative data, 62% of youth with bipolar type I disorder, 67% 
of youth with bipolar type II disorder, and 72% of youth with SMD scored in the 
autism spectrum range on at least one measure (Towbin et al., 2005). Although 
these findings are striking, they also raise questions about the discriminant valid-
ity of the instruments. In a recent follow-up to this study, Pine, Guyer, Goldwin, 
Towbin, and Leibenluft (2008) administered the same three measures to a larger 
sample of youth with BD, SMD, MDD, an anxiety disorder, or no diagnosis. Con-
sistent with their earlier findings, scores on all three measures were higher in 
participants with mood disorders (BD, SMD, MDD) than in those with anxiety 
disorders or no diagnosis, reflecting more impairment in social reciprocity and 
language as well as elevated levels of behavioral rigidity and stereotypy in the 
mood- disordered groups.

The measures that Towbin and colleagues (2005) and Pine and colleagues 
(2008) administered tapped a broad array of expressive language and interper-
sonal interaction skills as rated by parents. Although informative about general 
social behavior as observed by adults who interact frequently with the child, global 
scores from these measures provide limited information about specific response 
formulation skills that might be impaired in youth with BD. As a first step toward 
addressing this question, McClure and colleagues (2005) administered to adoles-
cents with BD (n = 40) and healthy controls (n = 22) a more focused measure of 
pragmatic language skill or the ability to use language effectively to achieve social 
goals. Comparison of BD and control groups showed that even when global oral 
expression skill was covaried, the BD group obtained lower scores on the prag-
matic language measure, as well as on measures of facial expression labeling, than 
controls (McClure et al., 2005).

formulatIon of responses to soCIal Cues

Limited research has examined patterns of response to social stimuli in individuals ••
with BD.

There is some evidence that youth with BD and other mood disturbances perform ••
atypically on measures of social reciprocity and language and show elevated levels of 
behavioral rigidity and stereotypy.

Pragmatic language deficits have also been observed in youth with BD.••
Questions remain, however, regarding specificity of these deficits to BD, associations ••
with mood state, and associations with medication status.
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Further research is clearly needed examining social communication skills, 
at both macro- and microlevels, in individuals with BD across development. The 
small number of existing studies provides suggestive evidence that impairment in 
these domains may be associated with the disorder. However, these studies provide 
little information about whether and how mood state, age, or medication status 
may relate to patterns of spared and impaired function. Further research explor-
ing links between social perceptual deficits in domains such as facial expression 
processing and social communication deficits would also be informative.

Regulation of Behavioral and Emotional Reactions

Social situations require not only that individuals generate appropriate responses, 
but also that they implement these responses in ways that are consistent with con-
tinually changing environmental demands. Such cognitive and behavioral flex-
ibility (Cools, Clark, & Robbins, 2004) must further be combined with effective 
regulation of one’s own emotional reactions to an unfolding interaction, which 
may not proceed in expected ways and may provoke frustration or anger. A num-
ber of studies have examined cognitive flexibility and emotional regulation in 
individuals with BD. Research on adults consistently suggests the presence of at 
least subtle and enduring deficits regardless of mood state (Fleck et al., 2003; Mar-
tínez-Arán et al., 2004; Mur, Portella, Martínez-Arán, Pifarré, & Vieta, 2007).

In adolescent samples, researchers have typically examined cognitive flexibil-
ity outside of social contexts, using neuropsychological tasks designed to measure 
aspects of executive functioning, such as the ability to shift attention between 
the perceptual features of complex stimuli in response to contingency cues. Such 
tasks include the classic Trails B measure (Lezak, 2004) and Wisconsin Card 
Sorting Test (WCST; Heaton, Chelune, Talley, Kay, & Curtiss, 1993), as well as the 
intra-extra dimensional (IED) shift task (Robbins et al., 1998). The IED shift task, 
which incorporates simple and compound reversal trials of varying difficulty, was 
originally designed as an analogue to the WCST for use with nonhuman pri-
mates but has been adapted for use with humans as well. Additionally, the change 
task, which measures the ability to inhibit a prepotent response and substitute 
an alternate one, provides another approach to examining response flexibility 
(Logan, Schachar, & Tannock, 1997). This task has the advantage that difficulty 
can be adjusted with a tracking algorithm to ensure that subjects execute correct 
responses approximately 50% of the time on trials requiring response substitu-
tion.

Dickstein, Nelson, and colleagues (2007) administered the IED shift task and 
the change task to youth with BD (n = 50; mean age, 13.1 years) and SMD (n = 44; 
mean age, 12.2 years) and to controls (n = 43; mean age, 13.6 years). On the IED 
shift task, adolescents with BD were impaired on simple reversal learning trials 
compared with control and SMD groups. Furthermore, on the change task, the 
BD group members were also impaired on change trials that involved substituting 
novel responses for prepotent responses relative to adolescents with SMD. These 
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deficits appeared to be independent of current mood state, comorbid anxiety, and 
comorbid ADHD and could, according to the authors, reflect impaired capacity 
to adapt to altered stimulus– reward associations. Participants with SMD only 
showed impaired performance relative to controls on compound reversal trials, 
which the authors speculated may represent deficits in selective attention (Dick-
stein, Nelson, et al., 2007).

Meyer and colleagues (2004) conducted a prospective study of cognitive flex-
ibility in offspring of mothers with mood disorders (unipolar or bipolar) or no 
history of psychiatric illness. Offspring, who had been administered the WCST 
and Trails B during adolescence, were grouped according to their own diagno-
ses in young adulthood and compared with regard to their performance on both 
measures. Of the offspring of mothers with mood disorders who had developed 
BD themselves by their late teens or 20s, 67% showed impairment on the WCST, 
making perseverative errors and generating fewer conceptual-level responses. 
Impairment rates were much lower among offspring who remained free of psy-
chopathology (17%) or who developed major depression (19%). The presence of 
this impaired pattern of performance before the onset of BD symptoms is consis-
tent with the possibility that cognitive flexibility deficits represent a risk marker 
for the disorder (Meyer et al., 2004). Additional data, however, indicate that the 
associations between cognitive inflexibility and risk for BD are more complex. In 
a subsequent study of the same sample, Meyer and colleagues (2006) found that 
WCST performance mediated associations between maternal negativity when 
their offspring were toddlers and the later development of BD in their children. 
This pattern of findings suggests a dynamic pattern of interactions among genetic 
risk, parent behavior, child cognition, and child outcome and points to the need 
for further longitudinal work that examines reciprocal influences among these 
and other relevant variables.

One recent study of youth with BD focused on emotion regulation in response 
to changing contingencies, in addition to regulation of cognitive and behavioral 
responses to such environmental demands (Rich et al., 2007). Children and ado-
lescents (ages 7–17 years) with BD (most were euthymic; four had hypomania or 
mixed hypomania; 88.6% were medicated), SMD (all were euthymic, 9.5% were 
medicated), or no diagnosis completed the Affective Posner Task, which assesses 
attention under a variety of emotional circumstances and contingencies. In the 
first (nonemotional) condition, participants received verbal feedback about their 
accuracy and speed on an attentional measure; in the second condition, they won 
or lost money based on their performance on the same task; and in the third 
(frustration) condition, they won or lost money based on a rigged algorithm that 
caused them to lose money on most trials on which they performed accurately as 
well as those on which they made errors or responded too slowly. Groups showed 
significant differences in self- reported arousal during the frustration condition, 
with the patient groups reporting more arousal than controls. In the two condi-
tions that linked speed and accuracy to monetary gain or loss, the patient groups 
also responded more quickly than controls when they lost money. The similarities 



352 ETIOLOGY/RISK AND PROTECTIVE MECHANISMS 

in response between the BD and SMD groups suggest that heightened emotional 
reactions to frustration may be broadly associated with mood pathology rather 
than specifically linked to BD. Further research that includes additional clinical 
samples, such as youth with pervasive developmental disorder or schizophrenia, 
would help clarify this issue.

neural correlates of socIal cognItIve DefIcIts  
In BIpolar DIsorDer

Recent models of BD conceptualize the condition in terms of dysfunction in two 
primary neural systems that, as described in Nelson and colleagues’ (2005) SIPN 
framework, are thought to mediate mood regulation/emotion processing and cog-
nitive control functions (Phillips & Vieta, 2007). Indeed, considerable evidence 
suggests that individuals with BD across the life span show atypically elevated 
activity in a system that encompasses the amygdala and subcortical structures, 
combined with abnormally decreased activity in a prefrontal cortical neural sys-
tem that subserves control processes such as cognitive flexibility (Bearden, Hoff-
man, & Cannon, 2001; Phillips & Vieta, 2007). The next section presents a review 
of the literature regarding these two systems as they relate to BD across develop-
ment, with a focus on studies that have examined neural correlates of social cue 
perception, specifically facial expression processing, and cognitive or response 
flexibility.

Neural Differences Associated with Facial Expression Processing 
in Bipolar Disorder

Given the evidence that impaired processing of social cues such as facial expres-
sions may represent an endophenotype for BD, as well as the importance of accu-
rate and efficient perception and interpretation of such cues for successful social 
interaction, it is not surprising that a growing body of research has examined 
neural correlates of this skill in BD. In adults, several studies comparing neu-
ral activation during different facial expression processing tasks among healthy 
controls, actively manic patients with BD (Altshuler et al., 2005), and individuals 

reGulatIon of BehavIoral and emotIonal reaCtIons

Adults and adolescents with BD show deficits on measures of cognitive flexibility.••
Some prospective longitudinal research suggests that cognitive flexibility deficits may ••
be a risk marker for BD.

Youth with BD and other mood pathology show heightened emotional reactions to ••
frustration relative to healthy peers.
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with medication- stabilized BD in varying current mood states (Yurgelun-Todd et 
al., 2000) have yielded a fairly consistent pattern of increased activation in the 
amygdala and other subcortical regions and decreased prefrontal activation in 
participants with BD.

Findings have varied across studies, possibly reflecting differences in tasks, 
facial expressions displayed, and participant characteristics, including clinical 
state. One study, for example, indicated elevated activity in subcortical structures 
and prefrontal regions in euthymic and depressed patients with BD relative to 
both controls and patients with MDD during passive viewing of emotional faces 
(Lawrence et al., 2004), and another study demonstrated decreased amygdala and 
subgenual cingulate cortex and increased posterior cingulate cortex and posterior 
insula activation in manic patients with BD when they rated the intensity of sad 
faces (Lennox, Jacob, Calder, Lupson, & Bullmore, 2004). Indeed, findings from 
one study that compared manic BD, depressed BD, and control groups during 
both implicit and explicit recognition of facial expressions suggest that, although 
atypical activation is present regardless of mood state in BD, it varies in pattern 
depending on the task and stimulus used (Chen et al., 2006). Few data are avail-
able regarding neural responses to facial expressions in euthymic adults with BD. 
One study found more hippocampal activation rather than amygdala activation to 
fearful faces in euthymic adults with BD versus controls (Malhi et al., 2007).

Thus, in adults with BD, the literature points to a pattern of atypical subcorti-
cal, typically amygdala or hippocampal, activation in combination with atypical 
prefrontal activation, with differences across studies and participant mood states 
in the structures that show hyper- or hypoactivation. More recent research has 
focused on interactions among different neural systems during facial expression 
viewing tasks. In manic adults with BD, the ventrolateral prefrontal cortex shows 
reduced regulation of the amygdala during expression labeling (Foland et al., 
2008). Findings from several recent studies suggest that these functional neural 
anomalies may be ameliorated by medication: Patterns of activation in response 
to facial expressions during a recognition task changed after treatment with lam-
otrigine so that patterns among patients with BD more closely resembled those in 
healthy controls (Haldane et al., 2008; Jogia, Haldane, Cobb, Kumari, & Frangou, 
2008). Blumberg and colleagues (2005) obtained similar findings following treat-
ment with varied medications in a sample of 17 adults with BD. A recent review 
of the literature on medication effects on functional neuroimaging findings in 
BD, however, suggests that it may be premature to draw conclusions on this front 
(Phillips, Travis, Fagiolini, & Kupfer, 2008).

Studies examining neural correlates of facial expression processing in youth 
with BD have focused primarily on older children and adolescents. Neuroimaging 
studies of younger children are rare, particularly in clinical populations that are 
likely to find the imaging context stressful and have difficulty lying still in the 
magnetic resonance imaging (MRI) scanner for long periods of time. Further-
more, although several studies include at least some participants as young as 7 to 
8 years, few samples have yet been large enough to permit examination of age or 



354 ETIOLOGY/RISK AND PROTECTIVE MECHANISMS 

pubertal status effects. As in the adult literature, sample composition has varied 
across studies in terms of current mood state, and tasks and target facial expres-
sions have also differed from study to study, rendering direct comparisons of find-
ings difficult. Broadly, however, results have resembled those obtained in research 
on adults, with atypical activity to emotional faces apparent in subcortical limbic 
regions and in prefrontal structures.

One study compared patterns of neural activation during passive viewing of 
emotionally expressive (happy, angry, neutral) faces between euthymic, unmedi-
cated adolescents with BD (mean age, 14.3 years) and healthy comparison partici-
pants (mean age, 14.9 years). Relative to the comparison group, adolescents with 
BD showed decreased activation to angry and happy faces in orbitofrontal and 
dorsolateral prefrontal regions as well as in the occipital visual cortex. In response 
to happy faces alone, the BD group showed decreased medial prefrontal activa-
tion and greater activation in the right amygdala and bilateral pregenual anterior 
cingulate cortex (Pavuluri, O’Connor, Harral, & Sweeney, 2007). Another study 
required participants to rate different characteristics of emotional faces that they 
then had to identify during a surprise recognition task (Dickstein, Rich, et al., 
2007). In this study, adolescents with BD (mean age, 14.2 years) who were either 
euthymic, depressed, or hypomanic showed increased neural activation relative 
to controls (mean age, 14.7 years) in the striatum and anterior cingulate cortex in 
response to happy faces that they recognized later during a memory task and in 
the orbitofrontal cortex in response to successfully encoded angry faces.

Interestingly, neutral as well as emotional faces appear to elicit differential 
responses from youth with BD (Rich et al., 2006). In a mixed sample of euthy-
mic, depressed, and hypomanic adolescents with BD, Rich and colleagues (2006) 
found evidence of greater activation in patients, compared with controls, in the 
left amygdala, accumbens, putamen, and ventral prefrontal cortex when rating 
the hostility conveyed by neutral faces. Furthermore, when participants rated 
their own fear of neutral faces, the BD group showed greater activation in the left 
amygdala and bilateral accumbens. Participants with BD appeared to perceive the 
faces more negatively than did controls; they rated neutral faces as more hostile 
and reported more fear when viewing them. Taken together with Rich, Grim-
ley, and colleagues’ (2008) finding that youth with BD were slower than healthy 
controls to identify emotions depicted on faces as they morphed from neutral to 
intensely emotional, these results could suggest that, although youth with BD 
may be biased to perceive ambiguous cues as negative, they have difficulty mak-
ing finer discriminations among the negative emotions that the cue might convey. 
Alternatively, this set of findings could indicate that youth with BD are overly 
sensitive to negative facial expressions across the board.

As in the adult literature, research has started moving away from examina-
tion of activation in specific structures in isolation and toward a focus on pat-
terns of connectivity or interaction among brain regions. In one such study, Rich, 
Fromm, and colleagues (2008) examined functional connectivity between the left 
amygdala and other neural structures during a task that directed attention toward 
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emotional and nonemotional aspects of expressive faces in adolescents with BD 
and controls. Results, which resembled Foland and colleagues’ (2008) findings in 
adults, indicated less functional connectivity between the left amygdala and the 
right posterior/precuneus region, as well as the right fusiform/parahippocampal 
gyri, in youth with BD than in controls (Rich, Fromm, et al., 2008).

Findings from research that used emotionally valenced pictures (scenes 
rather than faces) as stimuli (Eaton et al., 2008) provide preliminary evidence 
that treatment may alter these patterns of activation in adolescents, as it appears 
to do in adults. In this study, a small sample (n = 8) of adolescents with BD who 
were currently in depressive episodes were treated with lamotrigine for 8 weeks, 
and patterns of neural activation in response to positive and negative pictures 
before and after treatment were compared. Results indicated that amygdala acti-
vation in response to negative images declined from pre- to posttreatment scans 
in association with clinical improvement. As the authors point out, replication in 
a controlled sample is needed to evaluate whether other factors, such as habitu-
ation, might have influenced changes in activation patterns; however, this study 
provides an important first step toward more precisely characterizing the effects 
of successful treatment.

Taken together, the adult and adolescent literatures on neural correlates of 
facial expression processing in BD provide compelling evidence that subcortical, 
primarily limbic, and prefrontal systems interact atypically in response to social 
cues such as expressive faces in the context of the disorder. Although few stud-
ies have compared participants across mood states, findings suggest that atypical 
patterns of activation are present in the context of euthymia as well as mania and 
depression, but that euthymia achieved via successful treatment may dampen the 
effects of the disorder. Further research is needed that replicates existing studies 
in samples of participants in different developmental stages (e.g., comparisons 
of adults and adolescents with BD) and mood states (e.g., comparisons of manic 
vs. euthymic participants or within- participant longitudinal research with scans 
obtained during different mood episodes). Additionally, consistent use of stan-

neural Correlates of faCIal expressIon proCessInG

Both adults and youth with BD show atypical activity to emotional faces in subcortical ••
limbic regions and in prefrontal structures.

Atypical patterns of activation are present in euthymic as well as manic and depressed ••
individuals.

Euthymia achieved through successful treatment has been linked to normalization of ••
activation patterns to emotional faces.

Direct comparisons of activation patterns between individuals with BD in different age ••
groups and mood states as well as standard task procedures across studies are needed 
to clarify the literature.
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dard tasks may help clarify the literature. The diverse array of facial expression 
processing tasks used in neuroimaging research makes it more difficult to elicit 
subtly different patterns of neural response than would comparable stimuli.

Neural Differences Associated with Cognitive Flexibility  
and Related Functions in Bipolar Disorder

The literature on neural correlates of cognitive flexibility and related functions in 
BD, such as response inhibition and regulation, is less explicitly socioemotional 
in focus than the facial expressing processing literature. However, in at least a few 
studies of adults and adolescents, researchers have used tasks that combine cogni-
tive and emotional demands and thus tap underlying skills comparable to those 
required by effective social interactions. Like studies regarding facial expression 
processing, research on cognitive flexibility and response inhibition in the con-
text of BD consistently points to the presence of atypical activation in prefrontal 
and subcortical networks that include limbic and striatal structures, although pat-
terns of anomaly differ among the samples under study.

Studies of cognitive flexibility and response inhibition in adults with BD 
have typically used modifications of the classic Stroop and go/no-go tasks, which 
require selective attention, inhibition of prepotent responses, and substitution of 
alternate responses that demand more effort to generate. In samples of adults with 
BD who were euthymic (Kronhaus et al., 2006; Lagopoulos & Malhi, 2007; Malhi, 
Lagopoulos, Sachdev, Ivanovski, & Shnier, 2005) or in varied mood states (Roth 
et al., 2006; Yurgelun-Todd et al., 2000), activation during emotional and non-
emotional variants of the Stroop task differed significantly from that observed in 
healthy controls. Specifically, across most studies, researchers found evidence of 
decreased prefrontal activation in patients compared with controls, regardless of 
the task variant used. The precise location of reduced prefrontal activation varied 
from study to study; however, findings of attenuated activity in ventral and medial 
prefrontal regions emerged with some consistency. Notably, one study found evi-
dence of increased dorsolateral prefrontal activation, combined with decreased 
anterior cingulate activity, in adults with BD versus controls (Yurgelun-Todd et al., 
2000), and two studies that focused on depressed adults with BD found no differ-
ences from controls in frontal regions during a Stroop measure (Marchand, Lee, 
Thatcher, Jensen, et al., 2007; Marchand, Lee, Thatcher, Thatcher, et al., 2007). 
Thus, the literature in adults is not entirely consistent. Task variations, as well as 
sample differences, may have influenced study outcomes, underscoring the need 
for consistent use of tasks across studies.

In research that has used go/no-go tasks, findings have varied depending on 
participants’ mood states. In a study of neural activity during emotional versus 
nonemotional go/no-go tasks, euthymic adults with BD showed increased activa-
tion in the orbitofrontal cortex, temporal regions, insula, and both anterior and 
posterior cingulate cortices relative to healthy controls (Wessa et al., 2007). In 
contrast, Altshuler and colleagues (2005) found evidence of decreased right orb-
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itofrontal cortex, hippocampus, and left cingulate cortex activation in actively 
manic adults with BD during a nonemotional go/no-go variant. Differences in 
both tasks and conditions used to construct contrasts, as well as sample differ-
ences, probably influenced study findings, which again highlights the need for 
replication using identical tasks in different samples and task variants in samples 
that differ according to mood state. Furthermore, explicit incorporation of emo-
tional versus nonemotional stimuli into go/no-go tasks elicits different patterns of 
neural engagement (Shafritz, Collins, & Blumberg, 2006), which underscores the 
need for caution in directly comparing findings across studies that use different 
measures.

In adolescents, research using Stroop tasks has also yielded evidence of 
atypical neural activation. Patterns of activation difference, however, have been 
only partially consistent with those observed in most studies of adults. In one 
study, Blumberg and colleagues (2003) replicated adult findings of increased ven-
tral prefrontal cortical activation in samples of depressed and euthymic adoles-
cents with BD during a Stroop color- naming task; manic participants with BD, 
in contrast, showed attenuated activation in this region (Blumberg, Leung, et al., 
2003). In a second study, the same research group found increased putamen and 
thalamus activation in adolescents with BD relative to controls during a Stroop 
color- naming task but no evidence of group differences in prefrontal activation 
(Blumberg, Martin, et al., 2003). Given that prefrontal regions continue to develop 
during adolescence and into early adulthood (Gogtay et al., 2004), these findings, 
in conjunction with those in adults, raise questions about whether developmental 
factors may influence patterns of atypical neural development in the context of 
BD.

A series of neuroimaging studies has used the stop signal task, a go/no-go 
task variant that permits separate examination of successful and unsuccessful 
response inhibitions and substitutions, to compare neural activation between ado-
lescents with BD and healthy controls (Leibenluft et al., 2007; Nelson et al., 2007). 
Nelson and colleagues (2007) focused on trials tapping response flexibility, or 
the successful substitution of an effortful response for a prepotent response. They 
found that, in the context of comparable task performance, participants with BD 
showed more activation in the dorsolateral prefrontal cortex and primary motor 
cortex than did matched controls. In the Leibenluft and colleagues (2007) study, 
analyses focused instead on failure to correctly inhibit responses and yielded 
evidence of attenuated striatal and right ventral prefrontal cortex activation in 
BD patients compared with controls. Taken together, these findings suggest that 
dysfunction in frontostriatal circuits disrupts regulation of cognitive and motor 
responses in BD during adolescence.

Little functional neuroimaging research in adolescents with BD has incorpo-
rated socioemotional components into cognitive and behavioral flexibility mea-
sures. In their 2007 study, however, during which they administered the Affective 
Posner Task to adolescents with BD, adolescents with SMD, and healthy controls, 
Rich and colleagues gathered data regarding event- related potentials (ERPs) along 
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with the behavioral data discussed earlier. ERP activation patterns differed sig-
nificantly between youth with BD and members of the other two groups in the 
frustration condition, with the BD group showing decreases in parietal P3 ampli-
tude. The authors interpreted this finding as suggestive of attentional deficits in 
the context of frustration in the participants with BD (Rich et al., 2007).

Taken together, the adolescent and adult literatures regarding neural corre-
lates of cognitive flexibility and response inhibition in BD implicate dysfunction in 
frontostriatal regions in the pathophysiology of the disorder across development. 
As Blumberg and colleagues (2004) have asserted, however, the manifestations 
of this dysfunction may vary depending on the timing of disorder onset because 
of variability in the maturation rates of different structures within frontostriatal 
circuits. Thus, disorder onset during early adolescence may affect neural activity 
and behavior differently than does disorder onset in early adulthood (Blumberg 
et al., 2004).

Notably, comparable findings of atypical activation during cognitive flex-
ibility and response inhibition tasks have been obtained in studies focused on 
varied clinical groups, such as individuals with ADHD (Smith, Taylor, Brammer, 
Toone, & Rubia, 2006) and obsessive– compulsive disorder (Gu et al., 2008). This 
suggests that frontostriatal anomalies may be markers associated broadly with 
psychopathology rather than with specific disorders. Research comparing pat-
terns of activation between different clinical groups during cognitive flexibility 
and response inhibition tasks would help to clarify this issue.

summary, conclusIons, anD further questIons

The preponderance of evidence is consistent with the presence of neurally medi-
ated social cognitive deficits associated with BD. These deficits appear consistently 
in affected individuals regardless of whether their symptoms emerge early or later 
in development. Atypical patterns of emotional cue (particularly facial expres-

neural Correlates of CoGnItIve flexIBIlIty

Results indicate dysfunction of frontostriatal regions in the pathophysiology of BD ••
across development.

Frontostriatal circuitry may be involved in cognitive, affective, and motor responses: ••
response inhibition, flexibility, planning, or modulating emotions when making 
choices.

These pathophysiological findings are not unique to BD but have also been observed in ••
ADHD or obsessive–compulsive disorder.

Findings are not exclusive to BD, but studies are limited by use of different procedures, ••
lack of control over mood states, and sampling differences.
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sion) processing, which have been identified fairly consistently in both euthy-
mic individuals with BD and those at risk for the disorder, are of great interest 
as potential endophenotypes mediated by functional anomalies in frontolimbic 
neural circuits. Similarly, cognitive and behavioral inflexibility in social and non-
social contexts holds promise as a risk- related marker, although more research is 
needed on this topic in at-risk and euthymic samples. Focus on such discrete and 
specific aspects of social cognition and behavior is likely to be more fruitful for 
researchers than examination of broader measures of social function, particularly 
if the aim is to identify correlates of risk rather than active symptoms. It may also 
enhance development of specific interventions that target these dysfunctions.

A number of questions remain to be answered if we are to understand and 
address the functional impact of BD on social behavior and cognition. First, most 
published research, particularly with regard to neural mechanisms, still focuses 
on actively ill participants (either those who are currently in mood episodes or 
remission from such episodes) rather than those at risk for BD. Studies that test 
the same individuals with BD in different mood states, although difficult to con-
duct, are critically important for the elucidation of risk and prodromal mark-
ers that might inform prevention and early treatment efforts. Numerous research 
groups are working to fill this gap.

In a groundbreaking study of neural markers of risk, Gogtay and colleagues 
(2007) gathered longitudinal data regarding brain structure in youth who were 
undiagnosed but were suspected to have childhood onset schizophrenia. All 32 
participants, who underwent repeated structural MRI scans over a 4- to 8-year 
period, showed diffuse impairment in multiple domains, including emotional and 
attentional dysregulation at study onset. In a subsample (n = 9) who developed 
manic episodes in the course of the study, the authors examined patterns of neu-
ral change. Results indicated subtle differences from controls, including bilateral 
decreases in anterior cingulate regions and increases in left temporal structures 
over time in the youth who developed mania, as well as the nonmanic but impaired 
participants, who met DSM-IV criteria for psychosis not otherwise specified and 
ADHD as well as other comorbid disorders (Gogtay et al., 2007). Such research, 
with a focus on functional and structural changes over time in high-risk youth, is 
critical if we are to clarify the antecedents of BD and identify markers of risk.

Given the mixed findings regarding broad patterns of social function before 
illness onset, premorbid neural markers have the potential to be more reliable 
early indicators of risk for BD. The specificity of such neural markers, however, 
remains in question: Gogtay and colleagues (2007) obtained similar atypical find-
ings both in youth who developed mania and in those who did not, which could 
indicate that neural anomalies are generic markers of risk for later impairment.

Second, consistency among researchers in their definitions of BD, particu-
larly pediatric BD, is needed. Although experts in the field increasingly recognize 
that children and adolescents can show episodic patterns of mood dysfunction 
that parallel those documented in adults, studies vary in the breadth of their 
inclusion criteria and the symptoms that they identify as cardinal. Until there is 
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consensus about a clear, empirically validated phenotype or set of phenotypes for 
the disorder across development, investigators should articulate the precise crite-
ria according to which participants were identified as having BD. Given the many 
variations in manifestations of mood dysregulation, particularly among youth 
(e.g., rapid cycling, predominantly irritable), it is important that research partici-
pants be as carefully characterized as possible so that the same diagnostic label 
is not applied to individuals with related, but diverse, conditions. One framework 
that has proved useful is Leibenluft, Charney, and colleagues’ (2003) distinction 
between narrow- phenotype BD and severe mood dysregulation, which resembles 
BD but does not follow the episodic pattern observed in adults. Similarly, Geller 
and colleagues have defined an ultrarapid cycling phenotype in youth that merits 
continued study (Tillman & Geller, 2007). Careful attention to different expres-
sions of bipolar spectrum conditions will only advance the field and facilitate the 
effective treatment of and provision of social support for affected individuals.

Third, it will be important to consider the impact of development on the 
socioemotional impact of BD. Mixed findings regarding the interpersonal cor-
relates and consequences of actively symptomatic and remitted BD, particularly 
among youth, may reflect at least in part the different effects that the disorder may 
have at different ages or during different developmental periods. Symptoms that 
emerge in early childhood are likely to disrupt different social learning processes 
compared with those that do not emerge until adolescence or later. Furthermore, 
the varying social demands that individuals face at different ages as well as the 
varying amounts of control that they have over their social environments (e.g., 
whereas children are required to attend school, older adolescents and adults can 
opt to avoid structured social settings) are likely to interact with BD manifesta-
tions to influence the impact of the disorder. Consideration of such developmental 
differences will be useful as researchers continue to elucidate the social cognitive 
and behavioral effects of BD across development.

A fourth question that relates closely to the third revolves around the inter-
action of neural and environmental factors to influence social outcomes in youth 
and adults with BD. In particular, are there family or community characteristics 
that might ameliorate or prevent negative outcomes or, conversely, promote them? 
Not surprisingly, given the difficulty of recruiting sizable samples of youth with 
or at risk for BD, only recently has research begun to target interactions of envi-
ronmental and neural factors as predictors of social and functional outcomes, par-
ticularly at different points in development. Such work will be critically important 
not only for the development of preventive approaches (Chang, Howe, Gallelli, 
& Miklowitz, 2006) but also for the refinement and targeting of existing phar-
macological (DelBello & Kowatch, 2006) and empirically based psychosocial 
treatments (Miklowitz & Otto, 2007). Research regarding outcomes associated 
with various combinations of neural vulnerabilities and environmental stressors 
may be especially helpful for clinicians and community support agencies as they 
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develop and implement preventive and remedial measures aimed at helping fami-
lies and schools support affected or high-risk youth.

In particular, multisystemic interventions designed to promote resilience, 
such as those that have been successfully implemented to treat aggressive or 
conduct- disordered youth (Bierman et al., 2004; Henggeler, Schoenwald, Borduin, 
Rowland, & Cunningham, 1998) may be able to make effective use of research 
that integrates environmental and biological perspectives. Multisystemic inter-
ventions are family- and community-based approaches to treatment that target 
factors in the social ecology (family, peers, school, neighborhood, and commu-
nity) that contribute to problem behavior (Henggeler et al., 1998). Not only do 
they treat psychological problems as multiply determined and maintained, but 
they also have demonstrated at least modest long-term success at changing pat-
terns of social behavior and cognition in both peer (Bierman et al., 2004) and 
family contexts (Curtis, Ronan, & Borduin, 2004). Comparable intervention at 
multiple levels (pharmacological, psychotherapeutic, family, school, community) 
in youth with BD, particularly if implemented early in the course of the disorder, 
might help affected individuals compensate for or remediate the socioemotional 
problems that commonly accompany their psychiatric symptoms.
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