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Anxiety disorders are the most common mental disorders in adolescents. However, only 50% of pediatric patients with anxiety
disorders respond to the first-line pharmacologic treatments—selective serotonin reuptake inhibitors (SSRIs). Thus, identifying the
neurofunctional targets of SSRIs and finding pretreatment or early-treatment neurofunctional markers of SSRI treatment response
in this population is clinically important. We acquired pretreatment and early-treatment (2 weeks into treatment) functional
magnetic resonance imaging during a continuous processing task with emotional and neutral distractors in adolescents with
generalized anxiety disorder (GAD, N= 36) randomized to 8 weeks of double-blind escitalopram or placebo. Generalized
psychophysiological interaction analysis was conducted to examine the functional connectivity of the amygdala while patients
viewed emotional pictures. Full-factorial analysis was used to investigate the treatment effect of escitalopram on amygdala
connectivity. Correlation analyses were performed to explore whether pretreatment and early (week 2) treatment-related
connectivity were associated with treatment response (improvement in anxiety) at week 8. Compared to placebo, escitalopram
enhanced emotional processing speed and enhanced negative right amygdala-bilateral ventromedial prefrontal cortex (vmPFC)
and positive left amygdala-right angular gyrus connectivity during emotion processing. Baseline amygdala-vmPFC connectivity and
escitalopram-induced increased amygdala-angular gyrus connectivity at week 2 predicted the magnitude of subsequent
improvement in anxiety symptoms. These findings suggest that amygdala connectivity to hubs of the default mode network
represents a target of acute SSRI treatment. Furthermore, pretreatment and early-treatment amygdala connectivity could serve as
biomarkers of SSRI treatment response in adolescents with GAD. The trial registration for the study is ClinicalTrials.gov Identifier:
NCT02818751.

Neuropsychopharmacology (2022) 47:1081–1087; https://doi.org/10.1038/s41386-021-01186-0

INTRODUCTION
Generalized anxiety disorder (GAD) frequently emerges in
adolescence and is among the most common psychiatric
disorders in adolescents [1]. However, first-line pharmacologic
treatments for pediatric anxiety disorders—selective serotonin
reuptake inhibitors (SSRIs)—produce remission in only 50% of
youth [2, 3]. In addition, it usually takes 6–8 weeks to evaluate
the efficacy of an SSRI in an individual patient [2, 4, 5]. Thus,
identifying the neurofunctional targets of SSRIs in adolescents
with GAD might facilitate the development of new medications.
Finding pretreatment or early-treatment neurofunctional mar-
kers of SSRI response could reduce the time that a patient is
treated with an ineffective SSRI and hasten a switch to an
alternative treatment.
GAD is associated with abnormal emotion processing;

patients with GAD are hypervigilant to threat, unable to regulate

threat responses, and consequently show exaggerated reactions
to threat [6]. Functional neuroimaging studies examining
emotion processing in adults with anxiety disorders consistently
demonstrate hyperactivation of amygdala and ventral prefrontal
cortex (PFC) in response to negative emotional stimuli [7, 8]. The
amygdala findings are particularly of interest due to the
importance of this structure in anxiety, anxiety disorders, and in
preclinical models of anxiety [9, 10]. To date, only a handful of (n
= 6) cross-sectional studies have investigated the brain activation
and connectivity to emotional faces (e.g., angry or fearful) during
attentional tasks in children and adolescents with anxiety
disorders. These studies reveal increased amygdala and ventro-
lateral PFC (vlPFC) activation [11, 12], reduced ventromedial PFC
(vmPFC) and anterior cingulate cortex (ACC) activation [13, 14],
and weaker amygdala-vlPFC negative connectivity [15]. However,
attentional tasks frequently do not segregate emotional and
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attentional functions. In addition, emotional processing abnorm-
alities in patients with anxiety disorders, especially those with
GAD, are not limited to facial expressions, but relate to daily life,
performance, perceived self-competence (e.g., being good
enough), and safety (e.g., car accidents, physical illness) [16]. With
these considerations in mind, we employed a continuous
performance task with emotional and neutral distractors (CPT-
END)—not faces—to probe emotional processing in adolescents
with GAD. This task enabled a dissociation of attentional and
emotional operations into their constituent brain networks. With
this task, our previous study (non-overlapping sample) revealed
increased activation during emotional processing in both vmPFC
and vlPFC in adolescents with GAD compared to healthy youths
[17]. In addition, we observed altered functional coupling between
the above regions and hubs of the default mode network (DMN)
including increased amygdala-posterior cingulate cortex and
decreased amygdala-precuneus and vlPFC-vmPFC connectivity
[17]. These prior findings are consistent with resting-state
functional connectivity (FC) studies that also reveal aberrant
amygdala-DMN connectivity in adolescents with GAD [18, 19].
Collectively, these findings suggest that, in addition to altered
functional activation and connectivity in amygdala-PFC circuitry,
altered connectivity between this circuit and DMN may better
characterize the emotion-related functional alterations in pediatric
patients with GAD.
However, the clinical utility of these alterations for tracking and

predicting treatment response remains unexplored in patients
with anxiety disorders. Such studies can clarify how effective
treatment impacts GAD-related neurofunctional alterations and
may serve as biomarkers for translational drug development. To
date, only one open-label study, using vlPFC as the region of
interest (ROI), reported increased vlPFC activation to angry faces
following 8 weeks of fluoxetine in adolescents with GAD (n= 7)
compared to healthy youth [20]. This finding suggests that SSRIs
normalize GAD-related regional brain alterations. However, larger
samples and double-blind, placebo-controlled trials—which can
avoid nonspecific placebo effects—are needed to validate this
[3, 21, 22]. In addition, brain regions do not work independently;
instead, they cooperate with each other to accomplish various
neurocognitive functions including emotion processing [23]. The
mechanism of how SSRIs change FC between GAD-related brain
regions remains unknown.
Moreover, it is important to know whether functional activation

and connectivity before treatment or their changes early in the
course of treatment could serve as biomarkers for identifying
patients who are more or less likely to be treatment responders. In
this regard, one recent study reported that lower pretreatment
ACC and PFC activation in response to fearful faces predicted SSRI
response in children and adolescents with generalized and/or
social anxiety disorder [24]. SSRI-related functional alterations that
occur early in the course of treatment might provide additional
information compared to pretreatment neurofunctional finger-
prints [25], yet they have not been examined as predictors of SSRI
treatment outcome.
With these considerations in mind, we recruited adolescents

with GAD, randomized them to escitalopram and placebo,
performed functional neuroimaging before and 2 weeks after
beginning escitalopram or placebo (forced titration to 15 mg), and
evaluated the change in anxiety severity over 6 subsequent weeks
(total treatment duration 8 weeks) [26]. The aims of this study
were to examine the impact of acute SSRI treatment on amygdala
connectivity and activation during emotional processing using the
CPT-END, and to investigate whether pretreatment and early-
treatment-related amygdala connectivity and activation are
associated with treatment response in adolescents with GAD.
While our primary focus is on the emotion condition, this task
(CPT-END) allows secondary analysis of other neurocognitive
processes. Based on prior work in adolescents with anxiety

disorders [17, 20, 27–29], we hypothesized that escitalopram—
compared with placebo—would enhance amygdala connectivity
with DMN regions and altered their regional activation, and that
SSRI-related connectivity and activation prior to treatment (base-
line) and early in the course of treatment (week 2) would predict
endpoint treatment response in escitalopram-treated patients.

METHODS
Patients
This randomized clinical trial (ClinicalTrials.gov Identifier: NCT02818751)
was approved by the Institutional Review Board of the University of
Cincinnati and conducted in accordance with Good Clinical Practice
guidelines. Outpatients aged 12–17 years with GAD (DSM-IV-TR criteria,
assessed using the Anxiety Disorders Interview Schedule) and a Pediatric
Anxiety Rating Scale (PARS) score ≥15 [30], and a Clinical Global Impression
score ≥4 at screening and baseline visits were eligible [31]. Additional
inclusion and exclusion criteria have been previously described [26].
Fifty-one adolescents with GAD were randomized to escitalopram or

placebo (1:1), and 36 patients completed both the baseline and week 2
magnetic resonance (MR) scans and were included in the current study
(Supplementary Fig. 1). Patients who received escitalopram (n= 19) and
those who received placebo (n= 17) did not differ statistically in age
(mean age: 14.5 ± 1.6 years for escitalopram group, and 15.2 ± 1.5 years for
placebo group, p= 0.18), gender (4 males in escitalopram group, 6 in
placebo group, p= 0.46), or baseline anxiety severity (PARS score 18 for
escitalopram and placebo groups, p= 0.77). Informed consent was
obtained from all adolescents with GAD and their guardians.

Treatment and assessments
Patients were randomized to 8 weeks of double-blind escitalopram or
placebo (1:1), which was delivered in identically appearing capsules.
Treatment was assigned by investigational pharmacists using a random
number generator and randomization was stratified by sex. Patients,
caregivers, and investigational staff were blind to treatment assignment.
Escitalopram was initiated at 5 mg daily for 2 days, then 10mg daily for
7 days and then 15mg daily. At the week 4 and 6 visits, escitalopram could
be titrated to 20mg daily.
The PARS was used to measure anxiety symptom severity and was

administered at each study visit (week 0, 1, 2, 4, 6, and 8) to assess the
trajectory of symptom change. The risks of randomization to placebo were
carefully considered. Patients were carefully monitored at study visits by a
board-certified child and adolescent psychiatrist and any patient with a
significant increase in PARS score at 2 consecutive visits or who developed
of a mood disorder or significant development/worsening of suicidality
was discontinued. In addition, an external data safety monitoring board
oversaw the conduct of the study. For patients who discontinued
treatment prior to week 8 (endpoint), a last observation carried forward
approach was utilized for missing PARS scores (three participants
in each group discontinued). The anxiety severity was significantly
decreased in escitalopram-treated patients at week 2 (PARSbaseline=17 ±
2, PARSweek 2= 12 ± 4, paired-t= 5.788, p < 0.001), while it remained
unchanged in patients who received placebo (PARSbaseline=17 ± 3,
PARSweek 2= 16 ± 3, paired-t= 1.89, p= 0.077).

fMRI task
Participants performed the CPT-END in the scanner [32], during which they
pressed button 1 for emotional, neutral, and square pictures and pressed
button 2 for circle pictures. This rapid, fixed event-related task consisted of
two runs, each run containing four conditions and a total of 158 pictures
(squares 70%, circles 10%, emotional pictures 10%, neutral pictures 10%).
Each picture was presented for 2750ms, following which a fixation cross
presented for 250ms (Fig. 1).

MR image acquisition and preprocessing
MR images were acquired on a 3-Tesla scanner (Achieva; Philips, USA) with
a 32-channel phased-array head coil at baseline and 2 weeks after
beginning treatment. Scanner noise was attenuated with earplugs and
headphones; head motion was restricted with foam padding. Functional
images were obtained using a single shot, fast Fourier echo, echo planar
sequence with the following parameters: repetition time (TR)= 2000ms;
echo time (TE)= 30ms; number of axial slices= 40; in plane resolution=
2.7875mm× 2.7875mm; slice thickness= 3mm; slice gap= 0mm;
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flip angle= 75°; matrix= 80 × 80; field of view= 223mm× 223mm,
duration of each run= 8min 38 s. High-resolution anatomical images
were obtained using a three-dimensional T1-weighted Turbo field echo
sequence with the following parameters: TR= 6.8 ms; TE= 2.9 ms; number
of sagittal slices= 160; resolution = 1mm× 1mm; slice thickness= 1mm;
slice gap= 0mm; flip angle= 9°; matrix= 256 × 256; field of view= 256
mm× 256mm. Images were reviewed by a pediatric neuroradiologist to
exclude cases with gross structural abnormalities or image artifacts.
Standard preprocessing procedures within the CONN toolbox (v18.b)

were used: realignment, slice-timing, co-registration to individual
structural T1 images, segmentation, normalization to Montreal Neuro-
logical Institute space, resampling at 2 × 2 × 2 mm3, spatial smoothing (8
mm full width at the half maximum Gaussian kernel), and temporal
band-pass filtering (0.008–0.09 Hz) [33]. Five orthogonal time-series from
white matter and cerebrospinal fluid, 12 head motion parameters from
realignment, and outlier volumes from scrubbing (the difference in
framewise displacement between two consecutive volumes exceeded 1
mm) were included as covariates to reduce physiological and movement
confounds. A priori, we planned to exclude patients with mean motion
>0.5 mm or outlier volumes >15% (76 volumes) but no patient was
excluded according to these criteria. In addition, the mean head motion
did not differ between escitalopram (baseline= 0.24 mm, week 2= 0.28
mm) and placebo (baseline= 0.19 mm, week 2= 0.23 mm) groups at
baseline (t= 0.70, p= 0.49) or week 2 (t= 0.62, p= 0.54). The outlier
volumes did not differ between escitalopram (baseline= 31, week 2=
37) and placebo (baseline= 16, week 2= 20) groups at baseline (t=
0.95, p= 0.35) or week 2 (t= 0.99, p= 0.33) either. We also calculated
the percentage of amygdala-based connections that are significantly
related to head motion at the voxel level, and plotted the relationship
between connectivity strength and Euclidean distance. The results of
these analyses clearly support our results not being driven by motion-
related artifact (Supplementary Figs. 3 and 4).

Amygdala-based whole-brain functional connectivity during
emotion processing
To assess amygdala-based whole-brain FC during emotional processing,
a generalized psychophysiological interaction analysis (PPI) was per-
formed using the preprocessed images described above [34]. General-
ized PPI allowed us to study how brain regions interact in a task-
dependent manner, which is often used in fast event-related task
designs. Specifically, it convolves the task regressor (generated with
specific onset time of each trial) with the hemodynamic response
functions, and computes the interaction regressor between the resulting
task regressor and the time-series of a seed region (left and right
amygdala separately as defined in the Harvard–Oxford cortical atlas).
Then bivariate regression analysis was used to examine the relationship
between interaction regressor and the time-series of every other voxel in
the brain (seed-to-voxel connectivity analyses). In this first-level analysis,

the whole-brain FC (β weights) of left and right amygdala for each
condition was determined for each patient. Amygdala-based FC images
during viewing of emotional pictures, our primary condition of interest,
were then passed to full-factorial analysis to examine the treatment-by-
time interaction. Connectivity images were dependent variables,
treatment (escitalopram vs. placebo) and time (baseline vs. week 2)
were independent variables, and age and sex were covariates. Family-
wise error (FWE) was applied to correct for multiple comparisons, with
thresholds of p < 0.005 at the voxel level to preserve p < 0.05 at the
cluster level. The FC value (β weights) was extracted from clusters with
significant treatment-by-time interactions to explore their relationship
with treatment response.
To further understand the effects of SSRIs on emotion processing, we

explored changes in functional activation in regions wherein we observed
treatment-related effects on FC. Whole-brain functional activation analysis
in response to emotional pictures was also conducted for compensatory.
The functional activation (analyzed with SPM 12 as shown in the
Supplementary information), while viewing emotional pictures, in bilateral
amygdala and its coupling regions were extracted. Two-sample t-tests
were used to compare activity changes of bilateral amygdala and its
coupling regions between patients who received escitalopram and those
who received placebo.
To identify the effects of escitalopram on behavioral performance,

reaction times to each stimuli type were analyzed using repeated-
measures ANOVA in SPSS 22, with treatment (escitalopram vs. placebo) as
the between-group variable and time (baseline vs. week 2) as the within-
group variable, p < 0.05 was considered statistically significant.
We finally examined the potential value of pretreatment and early-

treatment (week 2) amygdala connectivity, activation, and behavior
performance during emotion processing in predicting treatment response
(reduction in symptom severity) at endpoint with correlation analyses.

RESULTS
Escitalopram effect on behavioral performance
Repeated-measures ANOVA for reaction times showed no group-
by-time interaction or main effect of time. However, following
2 weeks of treatment, escitalopram-treated patients had
significantly faster reaction times relative to baseline for all
stimulus types. No changes in reaction times were observed in
patients who received placebo (Table 1 and Supplementary
Fig. 2). At baseline, reaction times to all stimulus types did not
differ between escitalopram and placebo groups and were not
related to response. In addition, the change in reaction time from
baseline to week 2 was not significantly associated with the
change in anxiety severity at week 2 or endpoint in escitalopram-
treated patients.

Fig. 1 The continuous processing task with emotional and neutral distractors (CPT-END). Similar images to those used in the actual task
are shown, as the actual IAPS images cannot be published.
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Escitalopram effects on amygdala-based functional
connectivity during emotion processing
Controlling for age and sex, escitalopram—relative to placebo—
decreased connectivity between the right amygdala and a region
that included bilateral vmPFC and subgenual ACC during emotion
processing from baseline to week 2 (cluster size= 418 voxel, MNI
coordinate: x= –2, y= 38, z= 0; F= 13.13, p= 0.023 FWE-
corrected) (Fig. 2). In addition, greater negative amygdala-vmPFC
connectivity at baseline predicted more improvement in anxiety
at endpoint in patients who received escitalopram (r= –0.46, p=
0.047), but not placebo (r= 0.19, p= 0.468).
In addition, escitalopram—relative to placebo—increased con-

nectivity between left amygdala and right angular gyrus from
baseline to week 2 during emotional processing (cluster size= 428
voxel, MNI coordinate: x= 46, y= –58, z= 46; F= 16.18, p= 0.018
FWE-corrected) (Fig. 2). Importantly, greater amygdala-angular
gyrus connectivity at week 2 predicted greater improvement in
anxiety at week 8 (r= 0.55, p= 0.015).

Escitalopram effect on functional activation during emotion
processing
At the whole-brain level, escitalopram was not associated with
changes in functional activation. To further explore brain
activation alterations underlying the escitalopram-related con-
nectivity changes described above, we extracted the average
functional activation value from bilateral amygdala, right angular
gyrus, and vmPFC during the viewing of emotional pictures. Left
amygdala activation significantly decreased in patients who
received escitalopram relative to those who received placebo,
but right amygdala activation remained unchanged (left: t
= –2.08, p= 0.045; right: t= –0.20, p= 0.843). While connectivity
of amygdala-vmPFC and amygdala-angular gyrus changed

significantly following escitalopram, the local activation in right
angular gyrus (t= 0.82, p= 0.420) and bilateral vmPFC (t= 0.33,
p= 0.743) did not change with treatment. These regional
activation changes did not correlate with improvement in
anxiety. In addition, these regional activation changes did not
significantly associate with FC changes. Moreover, we explored
the escitalopram-associated changes on circle and neutral
conditions respectively and during attentional processing (circles
vs. squares), and found no significant differences in activation or
connectivity between the two groups.

DISCUSSION
This is the first double-blind, placebo-controlled evaluation of an
SSRI on FC and behavioral performance during emotional
processing in adolescents. Within 2 weeks of beginning treatment,
escitalopram improved task performance (decreased the reaction
time) in adolescents with GAD, while placebo did not. Beyond this,
escitalopram, compared to placebo, altered FC between amygdala
and two critical nodes of DMN (vmPFC and angular gyrus) in
response to emotional pictures. Specifically, escitalopram
increased the connectivity between left amygdala and right
angular gyrus, and the magnitude of this amygdala-angular gyrus
FC after 2 weeks of treatment predicted the degree of
improvement in anxiety at the end of the study. In addition,
escitalopram decreased the connectivity between right amygdala
and bilateral vmPFC. The pretreatment amygdala-vmPFC con-
nectivity also predicted treatment response. Exploratory analysis
revealed that escitalopram, compared to placebo, decreased the
left amygdala activation during the presentation of emotional
pictures, but no changes in right amygdala, bilateral vmPFC, or
right angular gyrus activation were observed. The laterality of the

Table 1. Reaction time to all stimulus types decreased in patients received escitalopram but not patients received placebo over the first 2 weeks.

Stimulus type Escitalopram (n= 19) Placebo (n= 17) Between-
group F

p

Week 0 Week 2 Within-
group F

p Week 0 Week 2 Within-
group F

p

Circle 783 ± 140 700 ± 110 13.771 0.001 833 ± 167 787 ± 200 3.737 0.062 1.313 0.260

Emotional picture 974 ± 279 825 ± 207 8.216 0.007 1053 ± 337 978 ± 312 1.847 0.183 0.965 0.333

Neutral picture 920 ± 223 797 ± 174 10.899 0.002 937 ± 247 892 ± 244 1.336 0.256 2.042 0.162

Square 682 ± 138 617 ± 110 7.158 0.011 729 ± 183 730 ± 236 0.002 0.962 3.510 0.070

Fig. 2 Escitalopram, relative to placebo, changes amygdala-angular gyrus, and amygdala-vmPFC functional connectivity (FC) during
emotional processing over the first 2 weeks of treatment. The connectivity seeds are shown (left) and the regions to which significant
treatment-related changes in FC emerged are shown in the center panels. Last, the median, lower, and upper quartiles, and minimum and
maximum values of the FC differences are represented by the box and whiskers plot.
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activation results may reflect that the left amygdala is frequently
activated by emotional stimuli more so than is the right amygdala
[35], potentially providing greater sensitivity for detecting SSRI-
related treatment changes. Consistent with our hypothesis, these
results suggest that, compared to placebo, escitalopram alters the
amygdala-DMN connectivity and dampens amygdala activation
during emotion processing within the first 2 weeks of treatment.
Our findings also raise the possibility that pretreatment- and early-
treatment-associated amygdala connectivity could predict treat-
ment response. Such neurofunctional predictors that present at
baseline or emerge early in the course of treatment could allow
clinicians to select alternative treatments for adolescents with
GAD who are less likely to respond to SSRIs.
In the current study, escitalopram—relative to placebo—

significantly decreased amygdala-vmPFC/ACC connectivity result-
ing in a greater negative coupling between these two regions. ACC
and vmPFC have a regulatory role with regard to amygdala, which
control the amygdala to generate exaggerated emotion response
[36, 37]. This automatic emotion regulation may result from their
inhibitory connections with the amygdala [38]. Deficient structural
and functional amygdala-PFC connectivity at rest and during
emotion processing/regulation have been previously described in
anxiety disorders [11, 18, 39], and predicted trait anxiety in healthy
young adults [40]. Our findings extend the results of these previous
studies and demonstrate that escitalopram, like other SSRIs [41–
43], may exert its effect by increasing this weaker amygdala-PFC
FC. The increased amygdala-PFC connectivity enhances the PFC-
driven emotion regulation of the amygdala and attenuates its
exaggerated activation to negative emotions. This putative
mechanism is supported by our exploratory finding of decreased
amygdala activity after 2 weeks of escitalopram treatment.
Importantly, we also found that greater negative amygdala-
vmPFC connectivity at baseline predicted greater improvement
in anxiety at endpoint in escitalopram-treated patients (but not in
those who received placebo). Collectively, these findings indicate
amygdala-vmPFC connectivity as an important target for
SSRIs and raise the possibility that it could guide clinicians to
tailor or select from evidence-based treatments and serve as a
biomarker of treatment response. Future studies are needed to
determine whether SSRIs also change the structural connectivity
of this circuitry and how structural and FC are coupled and
mutually influenced by treatment—both psychopharmacologic
and psychotherapeutic.
In addition, escitalopram, compared to placebo, increased

connectivity between left amygdala and right angular gyrus, an
important node of the DMN that recently is implicated in emotion
regulation [27]. This resulted in a positive coupling between
amygdala and angular gyrus after 2 weeks treatment. Further,
escitalopram significantly reduced left amygdala activity consistent
with previous studies that demonstrate decreased amygdala
activity after received SSRIs (sertraline and citalopram) [42, 44, 45].
Inadequate deactivation of amygdala and DMN during emotional
processing and regulation are critical characteristics in anxiety
disorders [46, 47], which predict later treatment response [48].
Ineffective suppression of DMN activity may reduce emotional
regulation during the task and consequently produce amygdala
hyperactivation. In this study, SSRI treatment produced greater
synchronized activity decreases in amygdala and angular gyrus,
which could facilitate emotional regulation. Moreover, this
escitalopram-enhanced amygdala-angular gyrus connectivity at
week 2 was associated with greater subsequent clinical improve-
ment. Our findings provide a promising translational pathway, for
stratifying cases in clinical trials, for improving selection of
lower animal models for treatment development, and potentially
in the longer term for improving clinical outcomes. Potentially, early
neurofunctional changes could classify patients who recently
initiated treatment as having a high, intermediate, or low likelihood
of responding to a “full” treatment trial for a given intervention.

Interestingly, in the current study, escitalopram increased the
functional coupling between amygdala and both vmPFC and
angular gyrus but in different directions (i.e., negative connectivity
in amygdala-vmPFC, positive connectivity in amygdala-angular
gyrus). These differences in the directionality of coupling during
emotion processing might relate to the distinct roles of the vmPFC
and angular gyrus in regulating the amygdala. The vmPFC and
angular gyrus represent anterior and posterior components of the
DMN that are involved in different types of processing [49, 50].
With regard to the role of the DMN in anxiety, anterior DMN
connectivity has been positively correlated with anxiety severity,
while the posterior DMN connectivity has been negatively
correlated with anxiety in healthy individuals [49]. This different
role of DMN subsystems in anxiety is consistent with our
observation that escitalopram treatment is associated with
decreased connectivity in anterior DMN and increased connectiv-
ity in posterior DMN with corresponding improvement in anxiety.
Besides greater functional coupling of brain regions, better

performance during the emotional processing task was also
observed with acute SSRI treatment. Specifically, reaction times to
all stimulus pictures were significantly shortened by escitalopram,
but not in patients who received placebo. This observation contrasts
with some previous open-label treatment studies with SSRIs
(sertraline and fluoxetine) in adolescents and adults with anxiety
disorders that failed to detect treatment effects on behavior
performance [20, 42]. This discrepancy might due to our particular
task, or the more serotonergically selective effects of escitalopram
that has greater--allosterically mediated--affinity for the serotonin
transporter. Our findings provide evidence that escitalopram
improves the efficiency of cognitive function, which is reduced
and correlated with anxiety severity [51], in adolescents with anxiety
disorders when they perform emotional tasks. Future, larger studiess
could further explore the potential value of baseline task
performance or its early change in predicting treatment response.
Finally, while this is the first clinical trial to examine the effect of

SSRI treatment on FC during emotional processing in adolescents
with GAD, our findings should be interpreted in the context of
several limitations. First, the sample size was small and did not
provide the power to examine second- and third-order interaction
effects, although the sample size is typical of neuroimaging
studies with double-blind, placebo-controlled design in adoles-
cents. Larger trials are needed to explore the age, sex, and
comorbidity effects on the FC changes observed herein. Second,
consistent with prior studies [15, 46], we examined brain
connectivity changes during emotional processing using an
emotion condition and the features of stimulus pictures (lumi-
nance, chroma, and complexity) and button pressing did not differ
between groups and did not change between baseline and week
2. Thus, effects of processing faces, generic stimulus, or the button
press are unlikely to account for our results. Third, we focused on
amygdala connectivity however, examining whole-brain connec-
tivity changes will require a future, larger studies. Fourth, future
studies could benefit from longer fMRI scans or more emotional
stimuli to increase reliability of measurement and confirm our
study findings. Fifth, our task is a fixed event-related design
paradigm, future task-based fMRI studies with jitter could
enhance modeling of the evoked BOLD response. Finally, the FC
analysis registered in clinicaltrials.gov did not specify PPI nor did it
specifically define the boundaries of the ROI. Analytic approaches
and atlases have developed and improved rapidly in the 8 years
following the funding of this project and we sought to use the
most up-to-date and appropriate analysis and anatomic ROI.

CONCLUSION
In adolescents with GAD, escitalopram compared to placebo not
only improved the behavioral performance, but enhanced the
functional coupling between amygdala and hubs of the DMN
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during emotional processing within the first 2 weeks of treatment.
Specifically, escitalopram increased negative amygdala-vmPFC
connectivity and increased positive amygdala-angular gyrus
connectivity. Importantly, more negative amygdala-vmPFC con-
nectivity at baseline and escitalopram-increased amygdala-angu-
lar gyrus connectivity at week 2 both predicted the magnitude of
clinical improvement in anxiety at the end of the trial. These
findings suggest that amygdala connectivity with DMN regions
might be a target of acute SSRI treatment, and that pretreatment
and early-treatment amygdala-based connectivity could serve as
biomarkers for predicting SSRI response in adolescents with GAD,
which if replicated may facilitate adjusting treatment approaches
for those who are unlikely to respond.
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