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Abstract

Background: Patients with mood disorders may benefit from psychosocial interventions

through changes in brain networks underlying emaotion processing. In this study, we used
functional magnetic resonance imaging (fMRI) to investigate treatment-related changes in emotion
processing networks in youth at familial high risk for bipolar disorder (BD).

Methods: Youth, ages 9-17, were randomly assigned to family-focused therapy for high-risk
youth (FFT-HR) or an active comparison treatment, Enhanced Care (EC). Before and after

these 4-month treatments, participants underwent fMRI while viewing happy, fearful, and calm
facial expressions. Twenty youth in FFT-HR and 20 in EC were included in analyses of pre- to
post-treatment changes in activation across the whole brain. Significant clusters were assessed for
correlation with mood symptom improvement.

Results: In the dorsolateral prefrontal cortex (DLPFC), activation increased from pre- to post-
treatment in the FFT-HR group and decreased in the EC group. Insula activation decreased in the
FFT-HR group and did not change in the EC group. Across both treatments, decreasing activation
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in the hippocampus and amygdala was correlated with pre- to post-treatment improvement in
hypomania, while increasing activation in the DLPFC was correlated with pre- to post-treatment
improvement in depression.

Discussion: Psychosocial treatment addresses abnormalities in emotion regulation networks
in youth at high risk for BD. Increased prefrontal cortex activation suggests enhanced emotion
regulation from pre- to post-treatment with FFT-HR. Improvements in family interactions may
facilitate the development of prefrontal resources that provide protection against future mood
episodes.

Keywords
mood disorder; neuroimaging; psychotherapy; youth

1| INTRODUCTION

Children and adolescents who have symptoms of depression, anxiety, and mood instability
as well as a parent with bipolar I or Il disorder (BD) are at high risk for developing BD
over periods of up to 8 years.> Whether they develop fully syndromal BD, symptoms of
depression, and hypomania can significantly impact daily functioning and impair academic,
social, and neural development.2— To reduce suffering and impairment in these youth, it

is important to provide treatments that stabilize mood, improve functioning, and reduce the
likelihood of recurrent mood episodes.® It is also important to better understand how these
treatments impact brain function in youth at high risk for BD. Examining neurofunctional
changes associated with psychosocial interventions for youth at high risk for BD may
advance our understanding of developmental processes associated with mood disorder onset,
and potentially inform biomarkers for personalized treatment.

Previous studies of the neural correlates of treatments for BD support the hypothesis

that brain networks underlying emotion processing undergo changes during treatment.
Pharmacological treatment is associated with pre- versus post-treatment increases in
activation of the ventrolateral prefrontal cortex (VLPFC)8:7 and pre- minus post-treatment
decreases in activation of the amygdala.®8 In youth at high risk for BD taking divalproex,
pre- minus post-treatment decreases in frontal cortex activation were correlated with

pre- minus post-treatment improvement in symptoms of depression.19 In one of the

few treatment studies using non-pharmacological interventions for youth at risk for BD,
decreases in anxiety during mindfulness-based cognitive therapy were associated with pre-/
post-treatment increases in insula and cingulate cortex.11

Our group previously conducted a pilot neuroimaging study of Family Focused Therapy

for youth at high risk for bipolar disorder (FFT-HR) versus an active psychoeducational
comparison treatment. FFT-HR is an evidence-based 12-session treatment that teaches
communication and problem-solving skills to patients, caregivers, and siblings, resulting

in symptom improvement and reduced mood recurrences. We found that DLPFC activation
increased from pre- to post-treatment, and was correlated with improvement in symptoms of
mania.12 However, in that study, the sample (V= 12) was not large enough to identify pre-
minus post-treatment changes specific to FFT-HR. In the current study, we present results
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from an entirely new and larger sample of youth in which we examined changes in activation
across the whole brain, measured before and after a 4-month FFT-HR treatment compared to
a 4-month comparison treatment, Enhanced Care (EC), that provides psychoeducation. We
used a facial expressions task during fMRI for several reasons, including continuity with our
previous study in a different sample, 12 its relevance to mood disorders as a probe of affective
responses, and expectations that psychotherapy will be associated with a change in affective
responses.

Based on the results of our pilot study, we hypothesized that brain networks underlying
emotion processing would undergo changes in association with treatment, and neural
changes in the DLPFC would be more prominent in FFT-HR than in EC, related to FFT-
HR’s focus on communication and problem solving.

2| MATERIALS AND METHODS

2.1]

2.2

Participants

The study was approved by the Institutional Review Boards of Stanford University and
UCLA, and written consent or assent was obtained from all participants. Participants were
recruited, treated, and scanned at one of two sites: Stanford University (P.l. Kiki Chang) or
University of California, Los Angeles (UCLA) (P.l. David Miklowitz). A full description
of the larger treatment trial is provided elsewhere.13 Briefly, criteria for inclusion were (1)
age 9-17 and (2) meets DSM-IV criteria for major depressive disorder (MDD) or bipolar
disorder not otherwise specified (BD-NOS). BD-NOS was defined as distinct periods of
abnormally elevated, expansive, or irritable mood plus 2 (or 3 if irritable mood only)
symptoms of mania that caused a change in functioning and lasted at least 4 hours in a day
and occurred 10 or more days in the lifetime?®; (3) at least one first- or second-degree relative
with DSM-1V BD | or BD |1 (described below); (4) significant current mood symptoms,
defined as a score >11 on the Young Mania Rating Scale (YMRS),* or a score >29 on

the Children’s Depression Rating Scale—Revised (CDRS-R)°; and (5) no previous manic
or mixed episode according to DSM-IV criteria. Exclusion criteria included developmental
disorders, neurological conditions or major medical illness, substance use disorder, 1Q less
than 80, MRI contraindications (metal in the body), or orthodontic braces.

Clinical assessments

All assessments were administered by reliable trained raters. Symptom severity was assessed
at pre- and post-treatment using the Young Mania Rating Scale (YMRS)!# to measure
symptoms of mania in past week, and the Children’s Depression Rating Scale (CDRS-R)1°
to measure symptoms of depression during the past 2 weeks. Parental diagnoses of BD | or
Il were obtained by interviewing at least one biological parent using the Mini International
Neuropsychiatric Interview (MINI).16 First- or second-degree relatives who were not
available for interview were diagnosed based on secondary information provided by one

or both biological parents using the Family History Screening Instrument.1” Primary and
comorbid diagnoses were assessed based on Kiddie Schedule for Affective Disorders and
Schizophrenia for School-Age Children—Present and Lifetime (K-SADS-PL)18 interviews
of the child and at least one parent (regarding the child). Final DSM-1V diagnoses were
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determined during a consensus meeting including the K-SADS interviewer and a board-
certified child psychiatrist or licensed psychologist.

Family-focused therapy (FFT-HR) and enhanced care (EC) treatments

Participants were randomly assigned to either Family Focused Therapy (FFT-HR) or the
active comparison treatment, Enhanced Care (EC). Both of these treatments included
medication management from a study-affiliated psychiatrist, using a pharmacotherapy
protocol.1® The FFT-HR sessions included the patient, parents/caregivers, and siblings
when possible. FFT-HR was delivered in 12 one-hour sessions over 4 months (8 weekly
and 4 biweekly) and was comprised of three modules: psychoeducation about managing
depression and mood swings, enhancing family communication, and problem-solving
skills training. The EC protocol also lasted 4 months, but consisted of 3 weekly family
psychoeducation sessions followed by 3 monthly individual child sessions that focused

on mood management.13 Overall, the treatments differed primarily in terms of the problem-
solving and communication skills training provided to the family in the FFT-HR but not the
EC treatment.

Facial expression task during fMRI

Emotional facial expressions were presented in a block design including happy, fearful, and
calm faces from the McArthur (‘NimStim’) set (macbrain.org/resources.htm). A ‘scrambled’
image was used as the comparison condition, to control for viewing a complex visual
stimuli and pushing a button. Four (non-repeated) blocks of each face condition were
shown, and each block contained eight pictures. Each picture was shown for 3 s with

no inter-stimulus interval. Total task duration was 6.4 min. Subjects pressed button 1 for
female and button 2 for male models. Subjects alternately pushed buttons 1 or 2 for the
scrambled pictures. Stimuli were presented using ePrime software (www.pstnet.com), which
also collected responses. Analyses of task accuracy and response times were conducted
using SPSS software to examine changes in accuracy from pre- to post-treatment, within and
across the FFT-HR and EC groups, as well as the interaction of group (FFT-HR vs. EC) x
time (pre vs. post). Analyses were conducted across facial expression types, with post-hoc
analyses of face type (happy, fearful, calm) when appropriate.

Neuroimaging cross-site reliability

Data from our analyses of cross-site reliability are presented in the supplemental materials.
In addition, the same proportion of subjects in each treatment group was scanned at each
site, and whole-brain analyses were statistically adjusted for the effects of study site.

FMRI scan parameters

Before the scan, participants completed a mock scanner session in which they became
familiar with the sounds and confines of the scanner and were trained to hold still for

up to 10 min. At Stanford, a 3 Tesla General Electric MR750 scanner with an 8-channel
head coil was used for data collection, and at UCLA, a 3 Tesla Siemens TIM Trio with a
12-channel head coil was used. At both sites, a gradient echo-planar pulse sequence was
used to acquire interleaved oblique slices parallel to the AC-PC plane. Scan parameters at
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both sites included: flip angle = 78 degrees; TE = 25; TR =2 s; NEX = 1; field of view
=192 mm, slice thickness of 3.2 with 0.8 mm skip, inplane resolution 3 x 3 mm. Also, a
high-resolution anatomical scan was collected in order to optimize registration to standard
space.

FMRI data analysis

Preprocessing of fMRI data used SPM12 software (www.fil.ion.ucl.ac.uk/spm/) to spatially
realign, normalize to an age-appropriate MNI template, and smooth images using a 5-mm
full-width at half-maximum Gaussian kernel. Motion correction was accomplished using
the ArtRepair toolbox (www.nitrc.org/projects/art_repair) to remove motion artifacts time
points, defined as rapid motion > 0.5 mm/TR or translation >3 mm, and replaced with a
time point interpolated from the surrounding unaffected volumes. Scans that required repair
of more than 25% of the fMRI time series were rejected from further analysis. A high-pass
temporal filter was used to remove slow signal drift.

Individual statistics were calculated at the whole-brain level using fixed-effects general
linear models in SPM12. The task was modeled as 24-s blocks convolved with the
hemodynamic response function. Contrasts included happy minus scrambled, fearful minus
scrambled, and calm minus scrambled pictures. Whole-brain voxel-wise analyses of changes
in activation from pre- to post-treatment were conducted using the ‘Multivariate and
Repeated Measures for Neuroimaging’ (MRM) toolbox, implemented in matlab R2016b
(mathworks.com). The MRM toolbox allows advanced statistical modeling of repeated
measures mixed effects designs using a multivariate form of the general linear model.20
Analyses in MRM tested for the main effect of time (pre- vs. post-treatment) across

both groups, as well as the interaction of group (FFT-HR vs. EC) by time (pre- vs. post-
treatment), adjusted for site (Stanford vs. UCLA). Statistical thresholds were set using
permutation-based inference, with a cluster-setting threshold of o =.001 and family-wise
error correction of p< .05 at the cluster level, following the recommendations of Eklund.?!

Follow-up analyses were conducted to determine if significant group x time clusters were
associated with symptom improvement, as opposed to other factors such as the passage

of time, effects of repeated scanning, or nonspecific group differences. For the correlation
analysis, average activation in each cluster was extracted using the REX toolbox22 and
exported to SPSS software version 25 (www.ibm.com). Correlations were calculated as
Spearman’s rho for non-parametric data. Bonferroni corrections for multiple comparisons
were applied by dividing by the p-value by the number of activation clusters included in

the correlation analysis. To limit the number of correlations, we conducted correlations
across all facial expressions combined. For regions showing trends, we explored correlations
associated with each face type (happy, fear, calm) separately.

RESULTS

Participants included/excluded from neuroimaging

Of 147 subjects randomized to treatment in the clinical trial, 20 were excluded due to
administrative withdrawals (most commonly, missing data supporting eligibility for study
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inclusion). Of the remaining 127, 46 were not included in neuroimaging procedures because
they were enrolled at the University of Colorado site, which did not conduct neuroimaging.
Four subjects were not scanned because they began treatment before the scan protocol

was finalized and 3 after scanner hardware was upgraded. Ten subjects were excluded

from scanning due to orthodontic braces, 2 to a comorbid neurological disorder, and 3 for
other reasons. This left 59 subjects who participated in the neuroimaging portion of the
study. Of these, scan data from five subjects were removed due to technical errors during
scan prescription or acquisition (3 in FFT-HR and 2 in EC). An additional 11 subjects

were removed for having pre-treatment but no post-treatment scans (6 in FFT-HR and 5 in
EC). Reasons for having no post-treatment scan included dropping out of the study before
beginning treatment (1 in FFT-HR and 4 in EC), getting braces during treatment (1 in
FFT-HR and 1 in EC), or declining to have the scan (4 in FFT-HR and 0 in EC). This left 43
participants with both pre- and post-treatment scans. Of these, 1 did not complete the faces
task and 2 had excessive head motion artifact, leaving 40 subjects with high-quality scan
data at both pre- and post-treatment comprising the sample for analysis: 20 in FFT-HR and
20in EC.

Participant characteristics

Table 1 provides demographic, task performance, and clinical information for the 40
participants included in our analysis. The FFT-HR and EC groups did not differ in terms

of age, gender, or proportion from the UCLA versus the Stanford site. In terms of task
performance, both groups had greater than 90% accuracy on the facial expression task at
both pre- and post-treatment, indicating compliance with the simple task demands. There
was a main effect of group on response time for all faces combined (F (1,36) = 5.5, p=
.025), which was attributed to slower response times in the EC group at pre-treatment (mean
difference 123 ms; t (36) = 2.4, p=.024) and a trend at post-treatment (mean difference 90
ms; t (36) = 1.9, p=.062). The group x time interaction was not significant for response
time. There were no significant changes from pre- to post-treatment in accuracy or response
time across groups, and no group x time interactions for accuracy. Task performance data
were not available for two subjects in the FFT-HR group at post-treatment, however, these
subjects had completed neuroimaging and were included in all neuroimaging analyses.

The FFT-HR and EC groups did not differ significantly in terms of primary diagnosis or
comorbid diagnoses, although there was a trend for more MDD versus BD-NOS diagnoses
in the FFT-HR group (Chi-square(1) = 3.75, p=.053). The groups did not differ in

the proportions of children taking no medications or taking stimulants, antipsychotics, or
anticonvulsants. There were significantly more participants in the FFT-HR group taking
antidepressants compared to the EC group (Chi-square = 3.96, p=.047). There were

no group x time interactions on mood symptoms (CDRS-R and YMRS), indicating no
differences between the groups in symptom improvement over 4 months. Although four
participants in the larger clinical trial reported using nicotine, none of these participants were
among those included in the neuroimaging analysis. Six participants in the FFT group and
eight in the EC group reported drug use (p > .10). The number of participants reporting use
of the substance more than 1-2 times per month did not differ between groups, nor were
there differences in the frequency of use of specific substances.
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FMRI results

A significant main effect of time was found for the whole-brain voxel-wise analysis,
including all subjects in both groups, as shown in Figure 1. Significant clusters were located
in the VLPFC (Brodmann’s Area 47), the hippocampus/amygdala (one cluster that included
both regions), dorsal caudate, visual cortex, and post-central gyrus. All clusters decreased
from pre- to post-treatment, except for the visual cortex, which increased. The effects were
significant for all facial expressions combined (happy, fear, calm). The interaction of facial
expression x time was not significant, indicating that treatment effects were similar across
all facial expressions.

Follow-up correlations were conducted to better understand the nature of pre minus
post-treatment changes in each significant cluster from the main effect of time analysis.
Correlations with symptoms of depression or mania were not significant using a Bonferroni-
corrected p-value of .01 (.05/5 clusters). Exploratory post-hoc correlations for each type of
facial expression separately revealed that pre- minus post-treatment changes in activation of
the hippocampus/amygdala cluster when viewing happy faces were significantly correlated
with pre- minus post-treatment improvement in symptoms of mania (YMRS score, rho =
-.41, p=.008), shown in Figure 3(B).

A significant interaction of group (FFT-HR vs. EC) x time (pre- versus post-treatment) was
found in the whole-brain voxel-wise analysis, as shown in Figure 2. The only significant
clusters were the left DLPFC (BA 9 extending into BA 6/8) and the right insula. For the
DLPFC cluster, activation increased significantly from pre- to post-treatment in the FFT-HR
group (t(19) = 3.8, p=.001) and decreased significantly in the EC group (t(19) = 3.2, p=
.005). In the insula, activation decreased in the FFT-HR group (t(19) = 3.1, o =.006) and did
not change in the EC group (p = .24) from pre- to post-treatment.

Follow-up correlations were conducted to determine if significant group x time clusters
from the whole-brain analysis were associated with symptom improvement. These analyses
revealed a significant correlation between pre- minus post-treatment increases in DLPFC
activation and improvement in CDRS depression severity across both groups (rho = .49, p=
.001), using a Bonferroni-corrected threshold of p=.05/2 clusters = .01. The scatterplot is
shown in Figure 3(A). Pre- minus post-treatment changes in the insula were not correlated
with improvement in symptoms of depression or mania.

Effects of medications

We examined the possibility that medications taken by subjects influenced our neuroimaging
findings. For each of our neuroimaging findings, we compared effect sizes with versus
without subjects for each class of medication. Results (see Table S4) showed that effect sizes
varied slightly with versus without medication, but variations did not exceed 0.09, which
indicates a small change in effect size. The only exception was the insula, where effect sizes
dropped markedly when subjects taking antidepressant medications were excluded.
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Effects of age

Although the FFT-HR and EC groups were not significantly different by age, we
recalculated the voxel-wise analysis including age as covariate. For the group x time
interactions, results were unchanged in the DLPFC (p = .008) and the correlation between
DLPFC and depression symptom improvement remained significant (o= .001) with age
covaried. The group x time effect became marginally significant in the insula (o =.052,
originally p=.034). For the main effect of time, results remained significant in the VLPFC
(p=.020), caudate (p=.028), and lingual gyrus (o =.030), and became marginally
significant for the hippocampus/amygdala (p = .058, originally p=.044) and postcentral
gyrus (p=.056, originally p=.040). Post-hoc correlations between hippocampus/amygdala
and improvement in symptoms of mania remained significant after adjusting for age (o=
.028). A separate correlation analysis was conducted across groups, and none of the clusters
or changes in clusters were significantly correlated with age. Thus, there were minimal
effects of age in each of these analyses.

Associations with therapy attendance

Although the FFT-HR and EC treatments were designed to differ in terms of number

of protocol visits, there was no difference in the proportion of protocol therapy sessions
attended for FFT-HR (proportion of 12 sessions) versus EC (proportion of 6 sessions).
Across groups, there were no correlations between proportion of sessions attended and
any of the fMRI findings. Furthermore, the group x time interaction in the DLPFC and
insula remained significant while covarying for proportion of sessions attended, suggesting
negligible effects of attendance on fMRI group differences.

4| DISCUSSION

This study examined changes in brain function from before to after 4 months of FFT-

HR compared to a 4-month psychoeducational treatment for youth at high symptomatic
and familial risk for BD. Our results suggest that brain networks underlying emotion
regulation undergo measurable changes that are associated with mood improvement, and
that the two treatments show evidence of separable neural correlates. Whereas the FFT-HR
group showed increasing activation in the DLPFC and decreasing activation in the insula
from pre- to post-treatment, the EC group showed decreasing DLPFC and no change in
insula activation. Furthermore, pre- minus post-treatment decreases in the hippocampus
and amygdala, found in both groups, were correlated with improvement in symptoms of
hypomania, while pre- minus post-treatment increases in the DLPFC were correlated with
improvement in depression. These results advance our understanding of the neurobiological
correlates of symptom improvement in high-risk youth.

The brain regions that we identified as changing with treatment are consistent with those
showing abnormalities in youth with mood disorders. A coordinate-based meta-analysis of
29 previous studies showed that the brain regions consistently reported as abnormal in fMRI
studies of youth at high risk for BD include the DLPFC, insula, and cerebellum, whereas
youth with a diagnosis of bipolar disorder consistently show abnormalities in these same
regions and also in the amygdala, parahippocampal gyrus, medial frontal, ventral striatum,
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and VLPFC.23 Qur current study found pre- minus post-treatment-treatment changes in

four of these regions: DLPFC, insula, amygdala, and VLPFC. Furthermore, human and non-
human tract-tracing studies report connections among these regions, suggesting networks
that support the experience and modulation of emotion.2425 Taken together, these data
suggest that psychosocial treatment is associated with improvement in the functioning of
emotion regulation networks in youth at high risk for BD.

Our finding of enhanced engagement of the DLPFC from pre- to post-FFT-HR replicates
our previous study conducted in a small sample of adolescents at high risk for BD, in which
we found increasing DLPFC activation from pre- to post-treatment across both FFT-HR
and EC treatments.12 Pre- minus post-treatment changes in the DLPFC also have been
reported in previous treatment studies of pharmacological treatments for mood disorders,
including decreases in DLPFC activation in adolescents with BD undergoing treatment
with divalproex,19 pre- minus post-treatment increases in the volume of the DLPFC in
adults with BD who responded to lithium treatment,2® and increases in the thickness of the
DLPFC in adults with depression who responded to antidepressant treatment.2” Previous
studies also showed that functional activation of the DLPFC increases with remission from
mania in adults with BD,28 and pre- minus post-treatment increases in DLPFC activity
were consistently reported across 60 studies of depressed adults receiving antidepressant
treatments.2® Furthermore, the left DLPFC is the site targeted by transcranial magnetic
stimulation for the treatment of depression.30 These studies are part of the growing evidence
that the DLPFC plays a role in modulating mood symptoms through its broader role in
emotion regulation. Emotion regulation is considered one of the executive control processes
mediated by the DLPFC, as confirmed by numerous studies in healthy participants (Brandl
et al., 2019). Our current study suggests that FFT-HR treatment is associated with enhanced
engagement of the DLPFC, suggesting improvements in emotion regulation. Emotion
regulation may be enhanced during FFT-HR through training patients and parents in
communication and problem-solving skills, leading to more constructive and less conflictual
family interactions.

The insula also showed differential response to FFT-HR versus EC treatment. Abnormal
insula function and structure have been reported in major depressive disorder (for a

recent review, see Ref. [31]), although we did not find correlations between pre- minus
post-treatment changes in insula activation and pre- minus post-treatment improvement

in depression. The insula is strongly implicated in interoception and is activated by
autonomic arousal and anxiety,32:33 therefore decreased activation of the insula in the
FFT-HR group could be related to improvement in symptoms of anxiety. However, post-hoc
analyses of improvement in anxiety, as measured by the Screen for Child Anxiety Related
Disorders (SCARED34), did not differ between groups, and was not correlated with insula
activation. Instead, the group x time interaction in the insula could be attributable to group
differences in the number of youth taking antidepressant medications. Post-hoc sensitivity
analyses showed a substantial decrease in effect size for the insula when removing
participants taking antidepressants. This interpretation is supported by previous studies
showing changes in insula connectivity during antidepressant treatment3® and abnormalities
in insula connectivity as a predictor of response to antidepressants.36:37
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Pre- minus post-treatment decreases in amygdala and hippocampus activation were seen

in both groups. The amygdala has been a focus of research on pediatric bipolar disorder

for decades®8 with growing evidence of abnormal connectivity with VLPFC.39-41 There

is evidence that amygdala activation decreases with remission from mania® and with
pharmacological treatment.8 Although less frequently a focus of research in BD, it makes
sense that alterations in hippocampal activation are associated with treatment, given

the observation that hippocampal neurons change cellular structure in association with
antidepressant treatment and with stress (for a review, see Ref. [42]). The results of our
current study are consistent with previous studies in showing that reactivity of the amygdala
and hippocampus decreases with symptom improvement.

Other brain regions were observed to change across both groups (including the VLPFC,
caudate, and visual cortex), although pre- minus post-treatment changes in these regions
were not significantly correlated with symptom improvement. In previous medication
treatment studies of pediatric BD, pre- minus post-treatment changes in VLPFC activation
have been frequently reported, and were correlated with symptom changes in some studies®
but not others.”4344 |t is possible that changes in the VLPFC reflect treatment-related
improvement in neuropsychological functioning, such as decision making, memory, or
response inhibition. Future studies could include neuropsychological assessments and test
for treatment-related improvements and correlation with brain function.

Limitations of our study include heterogeneity in terms of youths’ comorbid diagnoses. We
chose this sample to represent the population of youth at high risk for bipolar disorder,

in which comorbid diagnoses are common.*®> Our sample size is small compared to other
randomized clinical trials, but it is on par or larger than previous neuroimaging studies

of treatment mechanisms. Nearly half of the youth in this study were taking psychoactive
medications, but it would have been unethical to request patients to stop medications for the
study. We took steps to maintain consistency during the study by requiring that psychiatrists
follow a standardized medication protocol. To confirm that medications did not account for
our primary results, we conducted a post-hoc analysis comparing effect sizes of all clusters
with and without the medicated subjects, and determined that only the insula cluster was
attributable to group differences in antidepressant medications.

There are potential sources of variability when combining neuroimaging data collected at
two sites, but we took every precaution to carefully match scan parameters and test image
comparability before recruiting subjects. Furthermore, the same proportion of subjects in
each group were scanned at each site, and we adjusted statistically for the effects of site
during analyses. Group differences in primary diagnosis were nonsignificant but trended
toward disproportionately more participants with MDD in the FFT-HR group. However,
follow-up analyses adjusting for primary diagnosis did not change the results, nor was
primary diagnosis a significant contributor to the models examining treatment x time
interactions on the DLPFC and insula. Finally, while changes in activation can occur

for many reasons, such as the passage of time, repeated exposure to the task stimuli, or
other factors, previous studies in healthy control adolescents performing a similar facial
expressions task found no significant changes in activation over a 5-month period.46
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In conclusion, our study provides valuable information about the neural mechanisms of
psychosocial therapy in general, and FFT-HR specifically, in youth at high risk for BD.
Additional research is needed to determine how neural correlates of symptom improvement
can be used clinically as biomarkers of treatment response.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clusters that change significantly from Pre- to Post-treatment
across both groups: whole brain results from the main effect of time
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FIGURE 1.

Clusters of activation that changed significantly from pre- to post-treatment for both groups
(main effect of time) across all face types. All clusters survive family-wise error correction
for multiple comparisons at the cluster level (p < 0.05), and color scale of the clusters
indicates p-value, as listed in table below. Each cluster is shown next to a graph of pre-

to post-treatment changes. The y-axis units are adjusted marginal means of the contrast
value, adjusted for site. Graphs are for illustrative purposes to aid with interpretation of the
statistically significant clusters. Details of each cluster are given in the table; EC, enhanced
care; FFT, family focused therapy; Pre, pre-treatment; Post, post-treatment
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Family Focused Therapy vs Enhanced Care:
whole brain results from the group x time interaction
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Regions in each cluster BA  Size p- Coordinates
value
1 | Inferior frontal gyrus 9 277 .008 -38, 6, 24
Precentral gyrus 6/8
2 | Right Posterior Insula 13 97 .034 42, -184

FIGURE 2.

Significant clusters from the group x time interaction, indicating regions of group
differences in pre- to post-treatment change. All clusters survive family-wise error correction
for multiple comparisons at the cluster level (p < 0.05), and color scale of the clusters
indicates p-value, as listed in table below. Each cluster is shown next to a graph of pre-

to post-treatment changes. The y-axis units are adjusted marginal means of the contrast
value, adjusted for site. Graphs are for illustrative purposes to aid with interpretation of the
statistically significant clusters. Details of each cluster are given in the table; EC, enhanced
care; FFT, family focused therapy; Pre, pre-treatment; Post, post-treatment
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(A) Pre/Post Increase in DLPFC activation is correlated with
improvement in depressive symptoms
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(B) Pre/Post Decrease in Hippocampus/amygdala cluster (happy faces) is
correlated with improvement in mania symptoms
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FIGURE 3.
Correlations between symptom change and significant clusters from the fMRI analysis: a)

from the group x time analysis, the DLPFC cluster is correlated with pre/post improvement
in depression severity across both treatment groups; b) from the main effect of time analysis,
pre/post decreases in the hippocampus/amygdala cluster are correlated with decreasing
symptoms of mania in both treatment groups combined, for happy faces only
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