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Objective: Research has revealed facial
emotion labeling deficits in children and
adolescents with bipolar disorder. To as-
sess whether such impairments may be
an endophenotype for bipolar disorder,
the authors examined facial emotion
identification proficiency in children who
were at risk for bipolar disorder because
they had a first-degree relative with the
illness.

Method: The facial expressions subtests
of the Diagnostic Analysis of Nonverbal
Accuracy scale were administered to 52
patients with bipolar disorder, 24 at-risk
youths, and 78 control subjects, all 4–18
years of age.

Results: Compared with the control
group, both the bipolar and at-risk groups
made more errors identifying facial emo-
tions. The number of errors did not differ
significantly between the bipolar and at-
risk groups.

Conclusions: Deficits in facial emotion
labeling may be a risk marker for bipolar
disorder. Further study is needed to deter-
mine the neural mechanisms involved, as
well as to explore other emotional pro-
cessing impairments in youths at risk for
bipolar disorder and to identify genetic
associations.

(Am J Psychiatry 2008; 165:385–389)

Because clinical phenotypes in child psychiatry are
complex, the identification of endophenotypes might pro-
vide more tractable targets for genetic studies (1). Al-
though data suggest that attentional and memory deficits
may be endophenotypes for bipolar disorder (2), such im-
pairments are also present in other psychiatric illnesses.
Moreover, researchers have yet to identify candidate en-
dophenotypes for bipolar disorder that involve the pro-
cessing of emotional stimuli. Few studies have considered
endophenotypes for bipolar disorder in children and ado-
lescents—an important avenue of inquiry given possible
opportunities for prevention.

Recent work using standardized behavioral paradigms
to assess emotional processing has identified several defi-
cits in euthymic bipolar youths (3–8), including difficulty
identifying facial emotions (5, 7, 9, 10). Indeed, the brain
regions that mediate facial emotion processing overlap
with the ventrolateral prefrontal cortex-striatum-
amygdala circuit implicated in the pathophysiology of
both pediatric and adult bipolar disorder (9, 11).

While most studies of children at risk for bipolar disor-
der have focused on clinical description (12), more recent
work has also examined potential neurophysiological (13)
and neuropsychological (14) deficits. Research should
build on this work by assessing the processing of emo-
tional stimuli in first-degree relatives of bipolar patients.
To that end, we tested the hypothesis that children with a
family history of bipolar disorder would have facial emo-
tion processing deficits similar to those seen in pediatric
bipolar probands (5, 7, 9, 10). Confirmation of this hypoth-

esis would suggest that facial emotion labeling deficits
may be an endophenotype for bipolar disorder.

Method

Participants

All participants were enrolled in a study at the National Insti-
tute of Mental Health (NIMH) that was approved by the NIMH in-
stitutional review board. Parents and children gave written in-
formed consent or assent. Participants were 4–18 years old.

Participants included patients with bipolar disorder, youths
who were at risk for bipolar disorder because they had a first-de-
gree bipolar relative, and control subjects. We conducted two sets
of analyses. In our primary analyses, none of the participants were
biologically related, whereas in our secondary analyses, some bi-
polar and at-risk participants were biologically related siblings.
Our primary analyses included data from 52 patients with bipolar
disorder, 24 at-risk youths, and 78 control subjects. These analyses
included previously published data from 31 bipolar patients and
10 control subjects (5). Nine of the 40 bipolar patients reported
previously (5) were not used in this analysis because data from two
subjects were missing for one of the subtests, and seven were ex-
cluded because they had siblings in the at-risk group. In our sec-
ondary analyses, we used all available data, including from multi-
ple siblings from within a family. Data were from 66 bipolar
patients derived from 63 independent families and 33 at-risk sub-
jects derived from 24 independent families; we used the same
control group as in the primary analysis (all biologically unre-
lated). In these analyses, data from 38 bipolar patients and 10 con-
trol subjects were previously published (5).

Control subjects were drawn from the community. Bipolar pa-
tients were recruited through advertisements directed to support
groups and psychiatrists. At-risk youths were eligible if they had a
parent or a sibling participating in an NIMH study in which a
semistructured interview confirmed a DSM-IV-TR diagnosis of
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bipolar I or II disorder. For parents, diagnosis was determined
with either the Structured Clinical Interview for DSM-IV-TR Axis I
Disorders—Patient Edition (SCID-I/P) (15) or the Diagnostic In-
terview for Genetic Studies (16). Bipolar siblings of at-risk partic-
ipants met criteria for “narrow-phenotype” bipolar disorder, de-
fined as having had at least one full-duration hypomanic or
manic episode with abnormally elevated mood and at least three
criterion B mania symptoms (17); diagnosis was determined with
the Schedule for Affective Disorders and Schizophrenia for
School-Age Children—Present and Lifetime Version (K-SADS-PL)
(18). In addition to the structured interview, clinicians reviewed
children’s medical records, consulted with treating clinicians, and
performed an unstructured interview with parents of bipolar and
at-risk youths over the telephone.

All participants were assessed with the K-SADS-PL to establish
diagnoses. Interviewers were master’s- or doctoral-level clinicians;
interrater reliability was excellent (kappa >0.9). To avoid the poten-
tial bias of the at-risk group consisting solely of resilient youths, at-
risk participants with anxiety disorders or attention deficit hyper-
activity disorder (ADHD) were included. However, those with cur-
rent or past mood disorders were excluded because bipolar disor-
der can manifest first as depression, and mood disorders have been
linked more consistently than anxiety or ADHD to facial emotion
labeling deficits (19). Three at-risk children were too young to be
assessed with the K-SADS-PL. Control subjects had no lifetime psy-
chiatric diagnoses.

Participants in the bipolar group met criteria for narrow-phe-
notype bipolar disorder. To determine mood state in bipolar and
at-risk subjects at the time of testing, clinicians (with interrater
reliability >0.9) administered the Children's Depression Rating
Scale (20) and the Young Mania Rating Scale (21); three children
in the at-risk group were too young to receive mood ratings. To
measure IQ, the Wechsler Abbreviated Scale of Intelligence (22)
was administered to children age 6 and older and the Differential
Ability Scales (23) to those under age 6.

Exclusion criteria for all groups included IQ <70, pervasive de-
velopmental disorder, unstable medical illness, or substance
abuse within the past 2 months. Although the bipolar group in-
cluded youths on medication, participants in the at-risk and con-
trol groups were medication free.

Procedure

We administered the child and adult facial expressions subtests
of the Diagnostic Analysis of Nonverbal Accuracy scale (24) to all
participants. This instrument, which has been validated in and
administered to children as young as 3 years old (25), includes
standardized photographs of children (N=24) and adults (N=24)
displaying expressions of happiness, sadness, anger, or fear. After
viewing the photograph for 2 seconds, the participant indicates
by button-press which emotion is expressed. The primary out-
come variables are the number of misidentified emotions on
child and adult faces.

Data Analysis

Analyses of variance (ANOVA) were used to assess group differ-
ences in age and IQ, and chi-square tests were used to assess
group differences in sex distribution. Because age significantly
differed between groups, it served as a covariate in the analyses of
covariance (ANCOVA) used to assess between-group differences
in emotion identification errors. This analysis was repeated with
both age and IQ included as covariates because IQ differed be-
tween groups, although the difference fell just short of signi-
ficance (p=0.06). In addition, an ANOVA was performed on
subgroups matched for age because age differed significantly be-
tween groups.

Because our secondary analyses involved some observations
that were nonindependent (with more than one child per family in

some cases), we used a linear mixed model approach with family
included as a random factor. An ANCOVA, with age included as a
covariate, compared the number of emotion identification errors
made by at-risk youths who had no psychiatric diagnoses to the
number of errors made by the control group. T tests were used to
compare the number of errors made by at-risk youths grouped by
proband status (i.e., parent bipolar proband compared with sib-
ling bipolar proband). Pearson’s correlations and t tests were used
to examine relationships between performance on the facial ex-
pressions subtests and mood ratings in the bipolar and at-risk
groups and between medication status and performance in the bi-
polar group.

Results

The groups differed significantly in age, but not in IQ or
gender (Table 1). Eight at-risk children had current or past
anxiety disorders, ADHD, or conduct disorder. Most bipo-
lar patients (78.8%) had bipolar I disorder, and the major-
ity (90.4%) had a comorbid diagnosis. The most common
comorbid diagnoses were anxiety disorders, ADHD, and
oppositional defiant disorder. In the bipolar group, 41 par-
ticipants (78.8%) were medicated with a mean of 3.1 med-
ications (SD=1.3), including anticonvulsants (75.6%),
atypical antipsychotics (70.7%), lithium (39.0%), antide-
pressants (34.1%), stimulants (29.3%), and anxiolytics
(9.8%). All at-risk youths were medication free. Euthymia,
defined as having a Children’s Depression Rating Scale
score <40 and a Young Mania Rating Scale score ≤12, was
seen in 65.4% of the bipolar patients (for all bipolar pa-
tients, mean Children’s Depression Rating Scale score=
27.1 [SD=9.0] and mean Young Mania Rating Scale score=
9.6 [SD=7.3]) and in all of the at-risk youths (mean Chil-
dren’s Depression Rating Scale score=21.2 [SD=3.0] and
mean Young Mania Rating Scale score=4.0 [SD=3.7]).

Diagnostic Analysis of Nonverbal Accuracy Scale 
Facial Expressions Subtests

ANCOVA revealed a group difference in emotion label-
ing errors in both the child and adult subtests (Table 1).
Bonferroni-corrected post hoc analyses showed that bipo-
lar and at-risk youths made more errors than control sub-
jects on both child and adult faces (bipolar group: child
faces, Cohen’s d=0.75; adult faces, d=0.71; p values ≤0.01;
at-risk group: child faces, d=0.68; adult faces, d=0.65; p
values ≤0.02). However, the bipolar and at-risk groups did
not differ from each other (child faces, d=0.06; adult faces,
d=0.05; p values=1.0). Repeating this analysis with both
age and IQ included as covariates yielded the same results,
with differences in emotion labeling errors on both child
and adult faces (adult faces: F=10.12, df=2, 149, p≤0.01;
adult faces: F=8.53, df=2, 149, p≤0.01). For errors on both
child and adult faces, Bonferroni-corrected post hoc anal-
yses showed that bipolar and at-risk youths made more er-
rors than control subjects (p values ≤0.02) but did not dif-
fer from each other. Figure 1 summarizes the total number
of errors (i.e., child plus adult faces) in facial emotion
identification by group. In total number of errors, 88.5% of
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the bipolar group and 70.8% of the at-risk group were
above the mean of the control group.

To confirm that age differences did not account for the
findings, we compared subgroups matched for age (bipo-
lar group: N=38, mean age=12.09 years [SD=2.31]; at-risk
group: N=22, mean age=12.10 years [SD=3.48]; control
group: N=50, mean age=13.21 years [SD=1.89]). The results
mirrored those of the larger groups; between-group differ-
ences were observed in the numbers of errors for both
child and adult faces (child faces: F=8.49, df=2, 107, p≤0.01;
adult faces: F=10.59, df=2, 107, p≤0.01). Bonferroni-cor-
rected post hoc analyses revealed that the bipolar and at-
risk groups differed in numbers of errors on each subtest
from the control group (p values ≤0.01 and ≤0.05, respec-
tively) but not from each other.

As part of our secondary analyses, we performed a lin-
ear mixed model on the larger data set that included mul-
tiple biologically related siblings. In this analysis, family
was included as a random factor and age as a covariate.
Results were identical to those in the primary analyses.
Again, there were between-group differences in the num-
bers of errors for both child and adult faces (child faces: F=
8.04, df=2, 165.06, p≤0.01; adult faces F=8.22, df=2, 173,
p≤0.01). Bonferroni-corrected post hoc analyses revealed
that the bipolar and at-risk groups differed in number of
errors on each subtest from the control group (p values
≤0.01 and ≤0.02, respectively) but not from each other.
These analyses were considered secondary because the
family variable was collinear with the between-group
fixed factor (i.e., group) to a degree where this analytic ap-
proach could be questioned. As noted, only the bipolar

and at-risk groups, but not the control group, included re-
lated individuals.

The mean number of errors on child faces was 4.0 (SD=
4.5) in at-risk youths who had no psychiatric diagnoses
(N=13) and 2.8 (SD=2.3) in at-risk youths with one or more
psychiatric diagnoses (N=8); the corresponding means for
adult faces were 4.8 (SD=3.1) and 6.1 (SD=2.0). An

TABLE 1. Demographic and Clinical Characteristics and Performance on the Facial Expressions Subtests of the Diagnostic
Analysis of Nonverbal Accuracy Scale in Patients With Bipolar Disorder, Youths With a Familial Risk for Bipolar Disorder,
and Control Subjects

Characteristic

Group

Analysis
Patients With Bipo-
lar Disorder (N=52)

At-Risk Youths 
(N=24)

Control Subjects 
(N=78)

N % N % N % χ² df p
Male 26 50.0 17 70.8 38 48.7 3.81 2, 154 0.15
Any axis I diagnosisa 52 100.0 8 38.1 0 0.0

Bipolar disorder I 41 78.8 0
Anxiety disorder 35 67.3 5 23.8
Attention deficit hyperactivity disorder 28 53.8 2 9.5
Oppositional defiant disorder 16 30.8 0
Conduct disorder 0 0.0 1 4.8

Mood stateb

Euthymic 34 65.4 21 100
Depressed 3 5.8 0
Hypomanic, manic, or mixed 15 28.8 0

Mean SD Mean SD Mean SD F df p
Age (years)c 13.30 2.85 11.45 3.98 14.43 2.28 10.82 2, 151 <0.01
IQ 106.85 13.36 115.54 15.81 109.81 15.13 2.89 2, 151 0.06
Facial emotion labeling errorsd

Child faces 3.80 2.11 3.67 2.20 2.20 2.15 9.79 2, 150 <0.01
Adult faces 5.55 2.39 5.42 2.50 3.82 2.45 8.84 2, 150 <0.01

a Axis I diagnostic information was unavailable for three at-risk participants; the percentage for this group is based on an N of 21. Diagnoses
are not mutually exclusive.

b Three children in the at-risk group were too young to receive mood ratings; the percentage for this group is based on an N of 21.
c Age ranges: bipolar group, 8.34–17.82 years; at-risk group, 4.03–17.52 years; control group, 9.08–18.50 years.
d Analysis covaried for age. Means and standard deviations adjusted for age.

FIGURE 1. Total Number of Facial Emotion Labeling Errors
on Both Facial Expressions Subtests of the Diagnostic Anal-
ysis of Nonverbal Accuracy Scale, by Groupa

a Each dot represents a patient. The horizontal lines indicate means,
and the vertical lines indicate standard deviations.
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ANCOVA with age included as a covariate revealed that at-
risk youths without psychiatric diagnoses made more er-
rors on both child and adult faces compared with control
subjects (child faces: F=9.91, df=1, 88, p≤0.01; adult faces:
F=5.40, df=1, 88, p≤0.02). This suggests that the differences
in facial emotion processing observed between the con-
trol group and the at-risk group were not accounted for by
those at-risk individuals with ADHD or anxiety disorders.

In the at-risk group, a t test revealed no differences in
the number of errors between children who were at risk by
virtue of parental bipolar disorder (N=10) and those who
were at risk by virtue of sibling bipolar disorder (N=14).

Pearson’s correlations revealed no association between
number of errors and score on the Young Mania Rating
Scale or the Children’s Depression Rating Scale in at-risk or
bipolar youths. Euthymic bipolar patients (N=34) differed
from control subjects in numbers of errors on both child
and adult faces (p values ≤0.01). Within the bipolar group,
there were no differences between unmedicated patients
(mean errors: child faces=3.3 [SD=1.8]; adult faces=6.64
[SD=4.3]) and medicated patients (mean errors: child
faces=4.0 [SD=2.1]; adult faces=5.3 [SD=2.6]) in perfor-
mance on the facial expressions subtests, and performance
and number of medications were not significantly related.

Discussion

We found that, like bipolar patients (5), children at risk
for bipolar disorder by virtue of having a parent or sibling

with the illness made more errors than control subjects

when identifying emotion on child and adult faces. Re-
search is needed to ascertain whether these deficits meet
the criteria for an endophenotype (1). Data reported pre-
viously (5, 7, 10) indicate that deficits in facial emotion

processing are state independent and are associated with
bipolar disorder in the population. Data presented here
demonstrate that such deficits are present in unaffected
relatives of bipolar patients. Longitudinal studies are

needed to ascertain whether these deficits are more com-
mon in at-risk youths who develop bipolar disorder com-
pared with those who do not. Finally, the heritability of fa-
cial emotion processing requires further investigation.

While some research indicates that facial emotion pro-
cessing has a familial component in anxiety and nonbipo-
lar mood disorders (19), genetic studies are needed to gen-
erate heritability estimates of this function. Studies

suggest that mood disorders, including bipolar disorder,
may be more common in the families of patients with pre-
pubertal-onset bipolar disorder than in the families of pa-
tients whose onset is after adolescence (26, 27). While our

results indicate no differences in facial emotion process-
ing in siblings of child probands compared with offspring
of adult probands, we did not systematically obtain the
age at illness onset for the parent probands. Therefore, it is

possible that illness onset in a number of the adult
probands was in childhood.

There are important limitations to this study. First, the at-
risk sample was small, and although all had a first-degree
relative with DSM-IV-TR bipolar disorder, not all of these
relatives met criteria for narrow-phenotype bipolar disor-

der. Second, the narrow-phenotype criteria used to diag-
nose bipolar disorder are more stringent than DSM-IV-TR
criteria, making our findings less generalizable. Third, the
diagnosis of bipolar disorder in adult probands was gener-

ated from either the SCID-I/P or the Diagnostic Interview
for Genetic Studies, although both of these interviews have
been shown to generate reliable diagnoses (15, 16). Fourth,
some at-risk youths had an anxiety disorder and/or ADHD.

However, at-risk youths without diagnoses made more er-
rors identifying facial emotions than did control subjects,
which suggests that current psychopathology in the at-risk
group does not account for their deficits.
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Patient Perspective

“Tim,” a bright 11-year-old boy, was first evaluated by 

a psychiatrist at age 5 for distractibility, intrusiveness, 

difficulties with peers, and excessive worry about harm 

coming to his parents. He was diagnosed as having 

attention deficit hyperactivity disorder and separation 

anxiety disorder. Treatment with stimulants appeared to 

alleviate his attentional symptoms for a time. At age 7, 

after his family moved, Tim exhibited sadness, social 

withdrawal, increased anxiety, and decreased appetite. 

These symptoms resolved spontaneously after approxi-

mately 2 months. When he was 8 years old, Tim was 

hospitalized for psychiatric treatment after staying up 

nearly all night for a week. At that time, he was very 

excited because he believed he was a new superhero 

called “Tigerman.” He was convinced that he was growing 

whiskers and a tail and could outrun everyone. During 

this time, Tim would run around the house, growl, and 

jump on furniture, laughing and repeating the phrase 

“Tigger Timmy to the rescue!” At school, Tim was unable 

to sit and pay attention in class and was sent home early 

several times. His euphoria, grandiosity, and decreased 

need for sleep were uncharacteristic for him, and his 

distractibility, intrusiveness, and talkativeness were notice-

ably more marked than usual. Tim was diagnosed with 

narrow-phenotype bipolar disorder.
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