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Abstract

Objectives—Both patients with pediatric bipolar disorder (BD) and unaffected youth at familial
risk (AR) for the illness show impairments in face emotion labeling. Few studies, however, have
examined brain regions engaged in AR youth when processing emotional faces. Moreover, studies
have yet to explore neural responsiveness to subtle changes in face emotion in AR youth.

Methods—Sixty-four unrelated youth, including 20 patients with BD, 15 unaffected AR youth,
and 29 healthy comparisons (HC) completed functional magnetic resonance imaging. Neutral
faces were morphed with angry or happy faces in 25% intervals. In specific phases of the task,
youth alternatively made explicit (hostility) or implicit (nose width) ratings of the faces. The slope
of blood oxygenated level-dependent activity was calculated across neutral to angry and neutral to
happy face stimuli.

Results—Behaviorally, both subjects with BD (p < 0.001) and AR youth (p < 0.05) rated faces
as less hostile relative to HC. Consistent with this, in response to increasing anger on the face,
subjects with BD and AR youth showed decreased modulation in the amygdala and inferior frontal
gyrus [(IFG); BA 46] compared to HC (all p < 0.05). Amygdala dysfunction was present across
both implicit and explicit rating conditions, but IFG modulation deficits were specific to the
explicit condition. With increasing happiness, AR youth showed aberrant modulation in the IFG,
which was also sensitive to task demands (all p < 0.05).
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Conclusions—Decreased amygdala and IFG modulation in subjects with BD and AR youth
may be pathophysiological risk markers for BD, and may underlie the social cognition and face
emotion labeling deficits observed in BD and AR youth.
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The identification of endophenotypes for complex illnesses, such as bipolar disorder (BD),
could assist in the search for risk-related genes, early intervention, and ultimately the
development of prevention initiatives (1). Studying unaffected youth at risk (AR) for BD
provides an opportunity to examine intermediate pathophysiological markers for the illness
without the common potential confounding effects of mood state, psychotropic medications,
and prior mood episodes. Face emotion processing deficits have been proposed as a
candidate BD endophenotype; face labeling impairments are present in patients with BD
during euthymia (2, 3), and in AR youth (2, 4). The neural correlates of this behavioral
deficit have been investigated in both pediatric and adult patients with BD. Meta-analyses
have established limbic hyperactivation and prefrontal cortex (PFC) hypoactivation during
face emotion processing (5-10) in BD. However, few studies have determined whether a
similar pattern of neural dysfunction is present in AR youth (11-14).

Most studies examining the neural circuitry mediating face emotion processing have focused
on full, prototypical emotional expressions. Both positive and negative face emotions, such
as happy (15-31) and angry (19, 26, 28, 30-32) faces, elicit aberrant neural activity in
patients with BD. Few studies, however, have explored the neural correlates of more
ecologically valid, subtle changes in emotional expressions. Moreover, systematically
varying face emotion intensity levels may defend against amygdala habituation (33). Indeed,
only one study has examined the neural correlates of subtle changes in emotional
expressions by statistically modeling neural activation as a function of increasing face
emotion (30). In this study, relative to healthy comparison (HC) children, patients with BD
failed to modulate the amygdala and frontal cortex in response to increasing anger on the
face (30). Failure to modulate in BD indicates that these regions are not as neurally
responsive to subtle changes in anger intensity, compared to HC youth. To date, research has
yet to examine amygdala and PFC responsiveness to subtle changes in face emotion in AR
youth. Aberrant modulation of these areas may contribute to the face emotion deficits
observed in AR youth for BD, and may be a potential pathophysiological endophenotypic
marker for the illness.

Here, we examine neural activation in youth AR using a parametric face emotion processing
task, and compared their activation to a previously published overlapping sample of BD and
HC youth (30). This prior study indicated that youth with BD showed aberrant patterns of
activation in the amygdala and PFC (30). Given this prior work (5-10, 30), we conducted an
amygdala region-of-interest (ROI) analysis, as well as an exploratory wholebrain analysis.
We hypothesized that AR youth would exhibit abnormal linear trends in the amygdala and
PFC, similar to deficits previously reported in pediatric BD (30).
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Materials and methods

Participants

Sixty-four unrelated youth (8-19-years-old), including 20 patients with BD, 15 AR youth,
and 29 HC were enrolled in an Institutional Review Board-approved study at the National
Institute of Mental Health. Parental/child informed consent/assent was obtained. Data from
16 subjects with BD and 22 HC, but no AR youth, have been published previously (30).

Children were assessed using the Schedule for Affective Disorders and Schizophrenia for
School-Age Children—Present and Lifetime Version (34). Youth with BD met narrow
phenotype criteria (35). We also completed depression and hypo/mania ratings to determine
mood state at time of scanning in youth with BD. The Children’s Depression Rating Scale
(36) and Young Mania Rating Scale (37) were completed within 48 hours of scanning.
Interviewers were master’s and doctoral-level clinicians, with excellent inter-rater reliability
(x > 0.9 for identifying hypo/manic episodes). Diagnoses were based on best-estimate
procedures generated in a consensus conference led by a psychiatrist.

AR youth had a first-degree relative (parent: 60%; sibling: 33.3%; both: 6.7%) whose BD
diagnosis was confirmed via semi-structured interview (34, 38, 39). AR youth with
attention-deficit hyperactivity disorder (ADHD) or anxiety disorders were included; history
of major depressive or other mood disorders was exclusionary.

Exclusion criteria for all participants were: 1Q < 70, history of head trauma, neurological
disorder, pervasive developmental disorder, chronic medical illness, or substance abuse
within two months.

Of the 108 youth scanned, data were excluded from 29 subjects [BD (n = 15), AR (n = 3),
HC (n = 11)] due to poor task performance; six subjects [BD (n=3), AR (n=1),HC (n =
2)] for a sibling in the study; seven subjects [BD (h = 2), AR (n = 2), HC (n = 3)] for
movement; and two HC for equipment failure.

Parametric faces paradigm

Task details have been described elsewhere (30). Faces displaying neutral, angry, and happy
expressions (40) were used to create two stimulus sets of morphs between an angry or a
happy face and a neutral face. There were five morph intensities: 100% neutral; 25%
emotion and 75% neutral; 50% emotion and 50% neutral; 75% emotion and 25% neutral;
and 100% emotion. During face presentation, there were two rating conditions: implicit
(how wide is the nose?) or explicit (how hostile is the face?). Ratings were made using a
five-button response device: 1 = least wide/hostile to 5 = most wide/hostile. Faces appeared
for 3000 msec per trial; a blank screen was presented for 750-1250 msec (average = 1000
mses). Different morph intensities were presented randomly. Each of four blocks was 6.3
min (total = 25 min).

Functional magnetic resonance imaging (fMRI) acquisition

Neuroimaging data were acquired on two General Electric 3T scanners: a Signa VH/i (16
BD, 9 AR, 22 HC) and a Sigha HDx (4 BD, 6 AR, 7 HC), with the same eight-channel GE
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head coil. Identical scanning parameters were used: a high-resolution structural scan (T1-
weighted axial acquisition, 124 1.2-mm slices, 15° flip angle, 256 x256 matrix, 24-cm field-
of-view) and gradient echo-planar imaging images (38 contiguous 2-mms3 slices, repetition
time = 2300 msec, echo time = 25 msec, flip angle = 90°, 96 x96 mm). Although the
number of subjects in each group did not differ across scanners (p = 0.38), Scannerwas
included as a covariate in the fMRI analyses.

Data analyses

Demographic analyses—Analysis of variance (ANOVA) was used to compare age and
1Q, and chi-square test was used to compare sex distribution.

Behavioral data analyses—Ratings and reaction time (RT) for angry and happy faces
were compared in separate Group (BD, AR, HC) x Condition (implicit, explicit) x Face
intensity repeated measures ANOVASs. Post-hoc £tests decomposed interactions.

Imaging data analyses—Analysis of Functional Neuroimages (41) was used, including
standard preprocessing methods (30). Linear-trend analyses were used to model the degree
to which blood oxygenated level-dependent signal was related to face emotion intensity.
Separate trend analyses were performed for each condition (implicit, explicit) and each face
emotion (angry, happy). Positive linear trends (positive slope value) indicate that activation
increased with increasing emotion intensity; negative linear trends (negative slope value)
indicate that activation decreased with increasing emotion intensity. We performed two
types of analyses on the imaging data: an anatomical amygdala ROI and a wholebrain
analysis.

For the anatomical amygdala ROI analysis, we performed a Group (BD, AR, HC)

x Condition (implicit, explicit) analysis of covariance (ANCOVA), with Scanneras a
covariate. Scannerwas not a significant (all p > 0.80) covariate in these models. We
conducted separate ANCOVAs for linear trends between neutral to angry, and neutral to
happy faces. ROI data were extracted using the BOLD signal averaged across the entire
anatomical ROI. There was one trend value per hemisphere, and separate linear trends for
each rating condition. Analyses and post-hoc #tests were performed in SPSS. This analysis
was repeated with Ageincluded as an additional covariate; significant main effects of Group
remained.

At the wholebrain level, we examined linear trends using a Group x Condition ANCOVA,
with scanner as a covariate. Scannerwas not a significant covariate in the analyses for
neutral to angry (all p > 0.15); however, as noted below, it was significant in the neural to
happy analysis. To balance type | and Il errors, we used criteria suggested by Lieberman and
Cunningham (42) (p < 0.005; k >10); separate analyses were conducted for angry and happy
faces. Post-hoc analyses were performed in SPSS to decompose interactions. This analysis
was repeated with Age included as an additional covariate; significant Group x Condition
interactions remained. Post-hoc analyses tested the effects of potentially confounding
variables on our results in AR youth. We examined proband status [parent (n = 9) versus
sibling (n = 5); one ‘both sibling and parent probands’ was excluded from this post-hoc
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analysis]. In addition, post-hoc analyses examined the presence of ADHD or an anxiety
disorder on activation.

Demographics

Groups did not differ on age, 1Q, or sex distribution (Table 1).

Behavioral results

Angry faces—There was a Group x Condition interaction [A2,244) = 3.54, p < 0.05], with
BD (mean = 2.84 +0.52, p < 0.001) and AR (mean = 3.00 +£0.44, p < 0.05) rating angry faces
as less hostile than HC (mean = 3.27 £0.37).

Happy faces—There was a Group x Condition x Face intensity interaction [H8,244) =
3.17, p £ 0.01], with BD (mean = 2.25 +0.50, p < 0.01; mean = 1.87 +0.47, p < 0.01) and
AR (mean =2.28 +0.52, p < 0.05; mean = 1.94 +0.38, p < 0.05) rating neutral and 100%
happy faces as less hostile than HC (mean = 2.62 +0.42; mean = 2.28 +0.48).

There were no group differences in reaction time.

Anatomical amygdala ROI results

Angry faces—L.inear-trend analyses in left and right amygdala revealed a main effect of
Group. left [H2,60) = 6.85, p < 0.01]; right [ A2,60) = 5.29, p < 0.01)]. Compared to HC,

both BD (left p < 0.01; right p < 0.05) and AR (left p < 0.001; right p < 0.01) showed less
amygdale modulation with increasing anger on the face (Fig. 1, Table 2).

Happy faces—There were no Group or Group x Condition effects.

Wholebrain results

Angry faces—Two clusters showed a Group x Condition interaction: left inferior frontal
gyrus (IFG) [Brodmann area (BA) 46, k = 18; x = 49, y = -31, z = 10] and right anterior
cingulate (ACC) (BA 25, k = 36; x = -3, y =-13, z = -10). In the IFG (BA 46), both BD (p <
0.05) and AR (p < 0.01) youth showed decreased modulation relative to HC during hostility
ratings [AH2,60) = 7.70, p < 0.001] (Fig. 2, Table 2). In the ACC (BA 25), increased
modulation was observed in BD during hostility ratings relative to both AR (p <0.01) and
HC (p < 0.05), while decreased modulation in BD was seen during nose width ratings
relative to HC (p < 0.01) [A2,60) = 10.65, p < 0.001].

Happy faces—There was a Group x Condition interaction in the left IFG (BA 46, k = 214;
x =39,y =-37, z=4). During hostility ratings, AR (all p < 0.05) showed decreased
modulation, but /ncreased modulation during nose width ratings relative to HC [A?2,60) =
11.27, p < 0.001] (Table 2). Scannerwas a significant covariate in this model [H1,60) =
5.80, p = 0.02]. Post-hoc analyses in AR: proband status and Axis | diagnosis

AR with an affected parent differed from those with an affected sibling only in the ACC,
where AR with an affected parent showed decreased modulation during nose width ratings
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(p = 0.008). When the n = 2 AR with an Axis | diagnosis were excluded, the pattern of AR
versus HC findings remained the same.

Discussion

Few studies have mapped neural circuitry engaged by face emotion displays in youth at
familial risk for BD (11-14). Here, we used a parametric design to demonstrate that the
amygdala and PFC dysfunction found previously in BD (5-10) also occurs in AR youth.
Specifically, as in the only prior study using the same paradigm in patients with BD (30), we
also found deficient amygdala modulation when faces subtly morphed from neutral to angry
expressions in AR youth AR. In addition, AR youth, like pediatric patients with BD, showed
reduced modulation of the IFG as faces morphed from neutral to angry. AR youth also
demonstrated modulation impairments in the IFG when neutral faces morphed towards
happy. Together, these findings extend prior work suggesting that fronto-amygdala
dysfunction may be an endophenotypic marker for BD (12, 14, 24).

Reduced amygdala modulation was present as faces morphed towards angry during both
implicit and explicit rating conditions. In contrast, BD and AR IFG dysfunction in both
angry and happy face conditions was sensitive to task demands. For both angry and happy
faces, when explicitly rating the level of hostility of the face, AR demonstrated decreased
modulation of the IFG; in BD, aberrant modulation of the IFG was only present during the
angry face condition. Consistent with this and prior work indicating that patients with BD
and AR youth require more intense emotional information to identify face emotions (4),
both youth with BD and AR youth rated faces as less hostile relative to HC, suggesting
downstream behavioral effects from deficient IFG modulation. Together, the amygdala and
IFG are crucial in the integration of emotional information (43, 44) and emotion regulation
(45). Dysfunctional modulation of these areas may contribute to the social and emotion
labeling deficits observed in youth with BD and AR youth (2, 4). AR youth by virtue of a
parent versus a sibling with BD did not differ, with the exception of those with an affected
parent showed decreased modulation during implicit ratings in the ACC. However, these
findings are subject to type Il error due to the small sample sizes in each group. It is also
important to note that modulation of the ACC did not differ between the entire AR and HC
groups, suggesting that this finding should be interpreted with caution. Our findings should
be considered in light of additional limitations. First, our BD and AR sample sizes were
small. Studies with larger samples are needed to replicate the current findings. Second, most
patients with BD were medicated; and, while the majority (85%) of patients with BD were
euthymic at the time of scanning, some were not. However, AR children showed a similar
pattern of dysfunction. AR youth were all unaffected by a mood disorder and medication
naive, suggesting that the deficits observed may be a risk marker, as opposed to a
consequence of mood state or medication exposure. Consistent with this, studies indicate the
neural dysfunction may normalize with treatment; medications are not likely to cause
between-group differences in activation (46, 47). Third, fMRI data were combined across
two scanners and a scanner effect may be present. Of note, Scannerwas included as a
covariate in the analyses. However, we have not tested inter-scanner reliability of the two
scanners used in this study.
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Our design, which included different gradations of emotional expressions, may be
particularly useful in research on amygdala dysfunction, as the amygdala habituates rapidly
to repeated presentations of similar stimuli (33). Thus, parametric designs, which model
linear changes along a continuum, may be more sensitive to subtle between—group
differences in activation. Future studies should include larger samples and a longitudinal
design to determine whether the neural deficits associated with face processing predict the
onset of BD in AR youth. With further study, risk stratification and preventive interventions
could be used to potentially mitigate the development and prevalence of BD.
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Fig. 1.
Left amygdala region-of-interest (ROI) from the angry face analysis. Panel A shows the left

anatomical ROI used in the analysis. Panel B shows the blood oxygenated level-dependent
signal at each intensity level for each group. Panel C shows the linear-trend values for each
group. A25 = 25% Angry and 75% Neutral; A50 = 50% Angry and 50% Neutral; A75 =
75% Angry and 25% Neutral; A100 = 100% Angry; BD = bipolar disorder. *p < 0.05, **p <
0.01, ***p < 0.001
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Fig. 2.
Inferior frontal gyrus (IFG) cluster identified by a Group x Condition interaction from the

wholebrain angry face analysis. Panel A shows the IFG cluster identified from the
wholebrain analysis (p < 0.005; k > 10; x =49, y = -31, z = 10). Panel B depicts the linear-
trend value collapsed across all face intensities. Positive linear trend indicates that activation
in a region increased with increasing face emotion intensity (i.e., positive slope value);
negative linear trend indicates that activation in a region decreased with increasing face
emotion intensity (i.e., negative slope value). BD = bipolar disorder. *p < 0.05, **p < 0.01,
***p < 0.001.
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Table 1

Demographic and clinical characteristics of subjects with bipolar disorder, at-risk youth, and healthy
comparisons

Characteristics Bipolar disorder (n=20) Atrisk (n=15) Healthy comparisons(n = 29)
Age, years, mean (SD) 15.6 (2.3) 145 (2.2) 149 (1.9)
WASI IQ, mean (SD) 104.6 (16.3) 108.2 (13.6) 110.0 (12.7)
YMRS score, mean (SD) 6.5(5.1) - -
CDRS score, mean (SD) 28.5(8.1) - -
CGAS score, mean (SD)@ 46.4 (19.6) 79.9 (24.9) -
No. of medications, mean (SD) 3.1(15) 0 0
Sex, male, n (%) 7(35) 9 (60) 16 (55.2)
Diagnoses, n (%)
BD-I 15 (75) 0 (0) 0 (0)
BD-II 5(25) 0(0) 0(0)
Anxiety disorder? 9 (45) 1(6.7) 0(0)
ADHDC¢ 13 (65) 1(6.7) 0(0)
obp? 5 (25) 0 0 (0)
Mood state, n (%)
Euthymic 17 (85) - -
Depressed 1(5) - -
Hypo/manic 1(5) - -
Mixed 1(5) - -

SD = standard deviation; WASI 1Q = Wechsler Abbreviated Scale of Intelligence two-scale 1Q; YMRS = Young Mania Rating Scale; CDRS =
Children’s Depression Rating Scale; CGAS = Clinical Global Assessment Scale; BD-I = bipolar I disorder; BD-1I = bipolar Il disorder; ADHD =
attention-deficit hyperactivity disorder; ODD = oppositional defiant disorder; BD = bipolar disorder; AR = at risk.

aMissing data for three subjects with BD and one AR youth. 429) = -4.20, p < 0.001.

blncludes generalized anxiety disorder, separation anxiety disorder, social phobia, panic disorder, posttraumatic stress disorder, and obsessive
compulsive disorder. BD versus AR (XZ =5.69, p <0.05).

“BD versus AR (42 = 11.38, p < 0.01).

98D versus AR (42 = 4.10, p < 0.05).
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