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Abstract 
Pediatric anxiety disorders (including Obsessive Compulsive Disorder) are prevalent and impairing. Youth with anxiety disorders 
frequently experience sleep disturbances. Exposure, the primary component of gold-standard Cognitive Behavioral Therapy (CBT) for 
treating anxiety disorders, works by harnessing fear extinction learning. Given that sleep plays a critical role in the consolidation 
and retrieval of emotional memories, we hypothesize that shorter sleep quantity and greater sleep disruption are associated with 
psychophysiological responses indicating reduced fear extinction learning and reduced fear extinction recall in adolescents with 
anxiety and OCD. In this protocol paper, we describe a pilot study testing this hypothesis in a clinical sample of adolescents participating 
in a CBT-based partial hospital program (PHP) dedicated to the treatment of anxiety disorders. Participants complete a multi-method 
sleep assessment over 10 days during the first portion of their admission in the program (within the first 4 weeks) and at the end of their 
stay (at least over 5-7 days before discharge). Standardized clinical interviews and sleep questionnaires are c oupled with multi-modal
at-home sleep monitoring using sleep diaries, patch-based actigraphy, and wearable sleep electroencephalography (EEG). Participants
also complete a computerized task assessing initial fear learning (day 1), fear extinction learning (day 2), and extinction recall (day 3) as
measured by skin conductance responses (SCR). This use of multi-method sleep assessments in a clinical sample of youths with more
clinically severe anxiety disorders is innovative and, to our knowledge, has not yet been done.
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Statement of Signif icance

Results of this study will provide data for understanding sleep problems in relation to one of the underlying mechanisms of exposure 
therapy among adolescents with anxiety disorders, and evidence for feasibility of multi-method sleep assessments in a relatively 
acute mental health setting. If this line of research is successful, it will allow for the development and evaluation of augmentation 
strategies that target specific aspects of sleep that contribute to suboptimal fear extinction learning. Results from this work may
serve as proof-of-concept for identifying sleep targets to guide the augmentation of behavioral treatments.

Introduction and Ra tionale
Pediatric anxieties disorders (including obsessive compulsive 
disorder) are some of the most prevalent of childhood onset 
psychiatric disorders, with anxiety affecting up to 30% [1] and OCD  
affecting up to 4% of adolescents [2, 3]. Symptoms are unremitting 
into adulthood and associated with later emergence of mood 
and substance pr oblems as well as disproportionately high
disability [4, 5]. 

Problems with sleep are common in anxiety disorders [6–8]  and  
sleep problem severity has been associated with greater degree 
of clinical symptoms and poorer clinical outcomes [9–12]. The 

majority of youth with anxiety report at least one sleep-related 
problem (e.g. insomnia, reluctance to sleep alone, reluctance to 
sleep away from home, nightmares, being-overtired, etc.) and
more than half report three or more [7, 13]. 

Subjective sleep complaints have shown poor agreement 
with objective sleep patterns to date, and traditional actigraphy 
and polysomnography in youth with a nxiety disorders show
few consistent differences from healthy controls [14]. For 
example, whereas some actigraphic investigations have observed 
differences in total sleep duration, sleep fragmentation and
night-to-night variability [15–18], others have reported no group
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differences between anxious youth and controls [19, 20]. Findings 
are also inconsistent with polysomnography [21, 22]. Of note, 
these studies have been primarily conducted with youth with 
mild-to-moderate levels of symptoms, and very limited researc h
is available in youth with more severe challenges.

While sleep complaints are commonplace in pediatric anxiety 
clinical settings, understanding the nature of sleep disruption and 
its potential role in the maintenance of clinical symptoms has yet 
to be established. In this study, we hypothesize that the nature 
of sleep disruptions present in anxiety disorders impairs the 
mechanism underl ying by gold standard behavioral treatment for
these disorders, which relies heavily on generating new learning.
Exposure-based CBT is the first-line treatment for anxiety disor-
ders [23, 24], but more than 40% of youth do now show adequate 
improvements and only about half experience remission [25-27]. 
Even intensive daily CBT (e.g., provided by partial hospital pro-
grams or intensive outpatient treatment) pr oduces low remissions
rates [28]. Exposure involves approaching a feared stimulus in 
a gradual and controlled manner, followed by the prevention of 
ritualistic or avoidant strategies utilized by an individual to reduce 
their distress. Exposure is functionally related to fear extinction 
learning, which allows for a fear response to be diminished by
associating the triggering stimulus with a new outcome [29]. This 
process most likely does not involve a reversal of a fear associ-
ation, but new learning [30]. Initial fear extinction learning takes 
place during an exposure situation, where youth learn that feared 
situations are not as dangerous or distressing as they had pre-
dicted. Consolidation of this learning occurs after the exposure,
likely over the next several hours and during subsequent sleep
[31]. Recall of new fear extinction memories then occurs when 
individuals encounter similar contexts going forward, which no 
longer elicit strong distress. In order for exposure ther apy to
succeed, consolidation and recall of extinction learning acquired
during therapy are essential [32]. Fear extinction learning is often 
measured with a combination of involuntary psychophysiological 
responses and subjective ratings. In youth, skin conductance 
responses (SCR) ha ve been shown as the most reliable index of
initial learning, consolidation and recall [33]. 

Ample evidence from work with adults and animal models 
links sleep with emotional memory consolidation [34]. In exper-
imental paradigms, sleep loss compromises the ability to com-
mit new experiences to memory [35], and sleep deprivation can 
impede forming memories of emotional content [36]. Sleep after 
learning promotes key neural processes required for memory con-
solidation [37–39]. Thus, sleep problems may exacerbate and/or 
maintain anxiety symptoms by interfering with the consolidation 
and generalization of fear extinction memories. Longer sleep 
duration the night before exposure pr edicts lower symptoms at
the next session, after controlling for symptoms at the previous
session [40]. Furthermore, greater self-reported “restedness” after 
exposure-based therapy sessions uniquely pr edicted subsequent
symptom reduction in adults [41]. 

A number of studies have experimentally manipulated sleep 
duration to determine its effects on phases of fear extinction 
learning (initial learning, recall, generalization) during lab-based 
exposure paradigms or computerized tasks, quantifying fear 
extinction using psychophysiological variables such as SCR
and/or startle responses. Longer sleep prior to the task can
facilitate initial learning (i.e., encoding information) [42, 43]  .  
Sleep deprivation can impair initial extinction learning and recall 
and also reduces ability to generalize extinction learning [44-48]. 
Sleep following lab-based exposure can promote retention and 
generalization of extinction learning [49]. 

Sleep stage distribution may also influence fear extinction 
learning. Neural circuitry associated with the processing of 
emotional stimuli and emotional memories is activated during 
REM slee p, which has led to the hypothesis that REM sleep may
influence the consolidation of emotional memories [42]. In 
healthy adults, REM sleep deprivation was associated with 
reduced recall of fear extinction, [39] and REM sleep percentage 
during the intervening night between initial learning and 
subsequent recall has been positively associated with retention
of extinction learning [42]. A relationship between REM sleep 
parameters and altered fear extinction learning has also been
observed in adults with insomnia [50] and adults with PTSD [51, 
52]. Higher slow wave sleep (SWS) percentage in healthy adults 
was also associated with lower reactivity to the safety stimulus,
indicating better initial learning [43]. Altogether, these studies 
suggest that both REM and SWS may influence learning during 
exposure. It is important to note that these studies in volved
adults, and none has examined these associations in a clinical
sample of youths.

The available literature supports a causal role for biobehavioral 
sleep indices across multiple phases of fear extinction learning. 
Even with the theorized importance of sleep for therapeutic learn-
ing during exposure, this relationship is not directly addressed 
during treatment, especially in those with more impairing clinical 
symptoms. Sleep may be an important pathway through which 
exposure outcomes could be improved; however, the promise 
of this approach is limited by the sleep methods traditionally 
available in clinical settings (e.g., r eliance on self-report of sleep
quality). Our multi-method approach to sleep assessment has the
potential to yield specific information about the most promising
sleep targets that could then be used to guide the development of
matching augmentation strategies.

Actigraphy, an objective measure, is capable of capturing broad 
indices of sleep-wake rhythms (i.e., diminished sleep duration [53] 
or alterations to circadian timing [54]). The strength of such meth-
ods lies in their ease-of-use, validation (e.g [55–59].), and ability to 
capture sleep across multiple nights. Even with the advent of more 
advanced analytics capable of detecting subtle shifts in sleep reg-
ularity across days [60–63], all actigraphic sleep estimates eschew 
both sleep macrostructure (e.g., sleep stages) and microstruc-
ture (e.g., the electroencephalographic (EEG) power spectrum). For 
advancing insight into potential differences, EEG is a requisite 
although often burdensome (in the context of polysomnography) 
addition. The curr ent study attempts to bridge this method-
ological gap by introducing multiple sleep measurements across
multiple nights in the home environment.

Current Stud y
Building on this literature we present the methods and protocols 
of an ongoing study to determine whether multi-method sleep 
indices relate to fear extinction learning in youth with moder-
ate to severe anxiety disorders. The central hypothesis is that 
shorter sleep quantity and greater sleep disruption are associated 
with reduced fear extinction learning and reduced fear extinc-
tion recall in these youth as indexed with psychophysiological 
responses. Our first aim (aim 1) is to characterize sleep problems 
with a multi-methods examination of sleep, as there is very lim-
ited data available on youth with more prominent clinical symp-
toms of anxiety and related disorders. We hypothesize that par-
ticipants will present with a variety of sleep problems, including
reduced overall sleep duration and increased sleep disruptions,
when compared to similarly aged healthy peers.
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Aims 2 and 3 examine the association between these 
adolescents’ sleep and fear extinction learning (aim 2) and recall 
(aim 3) respectively. We hypothesize that lower sleep duration 
and greater sleep disruption during the night preceding fear 
extinction learning predict reduced learning indexed with skin 
conductance responses (SCR), and lower sleep duration and 
greater sleep disruption during the night before the recall phase 
predict impaired fear extinction recall as indexed with SCR. 
Exploratory hypotheses include an examination of the quality 
and quantity of REM and Slow Wave Sleep (SWS) sleep during the
night preceding each experimental phase and their relationship
to SCR during the respective phase of the task. Finally, we examine
the association between sleep problems and treatment outcomes
(aim 4) and expect that treatment responders and non-responders
show significant differences in reported sleep problems at the
beginning of treatment.

Methods and Anal ysis
Participants 
We plan to enroll a total of 84 treatment-seeking adolescents 
between the ages of 11 and 18 years. The age range is intentionally 
broad, as this study is also intended to evaluate the feasibility of 
our protocol to support the utilization of similar methods in future 
projects with more targeted aims. Participants are recruited from 
the Pediatric Anxiety Research Center (PARC) Intensive Program 
for OCD and Related Disorders located within Bradley Hospital 
in East Providence, Rhode Island. PARC Intensive Program treats 
youth with moderate to extreme anxiety and/or OCD for 4-6 
hours/day Monday through Friday. During the active phase of 
treatment gener ally starting during the second week of admis-
sion, participants complete 1-2 hours of exposure therapy per
day along with other adjunctive therapies (e.g., motivational inter-
ventions, peer-support group, family therapy). Youth return home
each day after the program and medications (most frequently
SSRI, antipsychotics, benzodiazepine, stimulants [28]) are taken 
at home. The program is considered a partial hospitalization level 
of care, which is intended for children with severe or refractory 
symptoms. Median length of stay is 6-8 weeks. To be eligible for 
the study participants must be between the ages of 11 and 18 
and have primary diagnoses of anxiety disorders (Social Anxiety 
Disorder, Generalized Anxiety Disorder, Separ ation Anxiety Disor-
der, Phobia, Panic Disorder, Illness Anxiety Disorder) and/or OCD.
Youth and one parent must be able to speak English. Exclusion
criteria include a diagnosis of autism spectrum disorder, and/or
cognitive or developmental delay.

Procedures 
Participants are recruited in person after they are admitted to 
PARC’s partial hospital program (PHP) for anxiety and related 
disorders. Prior to approac hing potential participants, the study
team applies a three-step process of determining eligibility.

Determination of eligibility. First, the study staff screen newly 
admitted patients’ intake information for age and diagnoses. If a 
patient is younger than 11 years, was previously diagnosed with 
autism spectrum disorder (ASD), or does not have a legal guardian 
who speaks English, they are considered ineligible. Second, the 
study team confirms that the patient has not previously par-
ticipated in the study, as this is another exclusion criterion for 
participation. Third, if admission criteria are met, the study team 
contacts the patient’s treating clinicians to assess any concerns 
about the patient being offered enrollment in the study. Our 
standard operating procedure is to wait at least three program 

days before reac hing out to the clinical team to allow for sufficient
familiarization with the patient’s clinical presentation. Reasons
for exclusion at this stage can include: 1) participation being clin-
ically contraindicated (e.g., patients for whom study participation
would interfere with treatment); or 2) the patient might discharge
too quickly to complete the different parts of the study (e.g., it is
unclear at admission if the Intensive Program is the best fit for
the patient’s symptom presentation).

Study Enrollment. If a participant is determined eligible follow-
ing the above-described procedure, the study team, which does 
not overlap with their clinical team, approaches them in person 
during their daily stay in the intensive program. The study team 
provides a brief overview of the study and allows time for ques-
tions. If the patient expresses interest in participation, the study 
team schedules a meeting to do the informed consent process 
with the patient and at least one legal guardian, if the patient is 
under the age of 18. In line with IRB and HIPAA guidelines, trained 
study staff obtain informed consent from legal guardians or adult 
participants (i.e., those 18 years old) and assent from minors after 
initial contact and prior to data collection. If a participant turns 18 
years old while participating in the study, they are re-consented 
as an adult. As part of the consent process, legal guardians (or
participants, if 18 years old) provide their email address and,
if relevant, the patient’s email address which is used to send
study measures at the beginning, during, and at the end of study
participation. The first participant was enrolled on 9/15/2022, and
we anticipate data collection to be completed by February of 2026.
No substantial changes have been made to the protocol since data
collection started.

Study participation. Once the consent process is completed, 
participants and their caregivers take part in clinical interviews 
and complete self-reports to assess clinical symptoms and sleep 
characteristics. All measures and devices used are described in 
detail in the following section. Clinical interviews are admin-
istered by research assistants who are trained to criterion on
study measures and participate in weekly supervision for crite-
rion maintenance. Self-report measures are completed in elec-
tronic form.

Youths participate in a 10-day sleep assessment in their homes 
that includes daily sleep diaries and actigraphy monitoring. On 
day 8, youths begin a computer-based fear learning and extinction 
paradigm, which will take place in three distinct phases. On 
the first day, youths participate in the fear acquisition phase; 
the following day, they participate in the fear extinction phase, 
and on the final day, they participate in a fear extinction recall 
phase. For the last 4 days of the study, youths also undergo 
at-home electroence phalogram (EEG) recording during sleep.
Within the last week of participation in the intensive program,
we collect self-report and parent-report sleep characteristics,
clinical symptom severity measures, and 3-5 days of actig-
raphy data and sleep diaries. See figure 1 for the complete 
study f low.

Measures 
Clinical and self-report measures. Study assessment mea-
sures are listed in Table 1. 

Demographics: Standard demographic information is collected 
at the beginning of the study. This information includes age, 
gender, puberty status , education, race, ethnicity, and family com-
position.

Clinical Measures: The following is a description of clinical 
measures that are administered prior to collecting sleep and task
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Figure 1. Study f low. 

data (see Table 1). All clinical assessments occur either in person 
at PARC, by teleconference , or by phone to minimize barriers for
patients/families.

Diagnosis and Symptom Severity. Mini-Kid [64] is a brief, struc-
tured 
interview measuring psychiatric diagnoses in children according 
to DSM-V and ICD-10 criteria. Childr en’s Yale-Brown Obsessive-
Compulsive Scale (CY-BOCS) [65] is a clinician-administered, 
“gold standard” assessment of OCD symptom severity with 
excellent psychometric properties. Total scores for obses-
sion and compulsion subscales ra nge from 0 (no symptoms)
to 40 (severe). Pediatric Anxiety Rating Scale (PARS) [66]  is  a  
clinician-rated measure of anxiety symptom severity for use 
with multiple anxiety disorders that have good psychome-
tric properties including sensitivity to change in treatment.
Clinical Global Impression Scales (CGI) [67] are brief, clinician-
rated measures of global severity and improvement in treatment 
for children a nd adults and have good psychometric properties.

Sleep Functioning. PROMIS Sleep Disturbance and Slee p-Related
Functioning [68] are two short-form 8-item measures of sleep 

problems that are completed by caregivers and adolescents. 
Munich Chronotype Questionnaire (MCTQ) is a self-report mea-
sure filled out by participants to collect information on sleep-
/wake patterns and to assess chronotype. Modified Children’s
Chronotype Questionnaire (CCTQ) [69] is administered to care-
givers to get information about their child’s sleep/wake patterns 
and chronotype. Pediatric Sleep Questionnaire [70] is a 22-item 
measure administered to the caregiver that asks about snoring 
frequency, loud snoring, observed apneas, difficulty breathing 
during sleep, daytime sleepiness, inattentive o r hyperactive
behavior, and other pediatric obstructive sleep apnea features.

Measure of broad emotional, cognitive and behavioral functioning. 
PROMIS Anxiety, Depressive Symptoms, Anger, Cognitive Function, 
Positive Affect, Family Relations , Peer Relationships, Life

Satisfaction and Psychological Stress [71]  are  completed  by  
caregivers and adolescents. These measures are designed to 
assess psychiatric symptoms, emotional distress, and social role
participation within family and community. Difficulties Emotion
Regulation Scale (DERS) [72] is an 18-item measure used to 
identify emotion regulation issues.

Table 1. Complete list of clinical and sleep functioning measures including times of administration



Renschler et al. | 5

Figure 2. Actigpatch device (left) and location on participant’s bod y
(right).

Measures of treatment course. We collect the length of stay in 
the intensive program. Any prescribed psychotropic medications 
and relevant dosage is recorded at the beginning of treatment, 
during the 10-day stud y window, and at discharge. A signifi-
cant portion of youth with high-impairment ARD are treated
with medication [28] supported by the American Academy of 
Child and Adolescent Psychiatry. Given these treatment require-
ments and ethical concerns about restricting access to medi-
cations, as well as feasibility of recruiting youth who are will-
ing to forgo medication trials. As such we allow participants to
have changes to or initiation of psychiatric medications while
participating.

Sleep and labor atory-based assessments
Actigraphy & Sleep Diaries. To assess daily sleep-wake pat-
terns we employ a novel triceps-worn compact activity monitor
(Actigpatch, Circadian Positioning Systems, Inc., Newport, RI; see
figure 2) adhered to the skin with an adhesive patch. This device 
has been validated against traditional wrist-w orn actigraphy and
polysomnography [73]. Participants wear the Actigpatch for 10 
days at the beginning of study participation and for three to five 
days at the end of study participation, prior to their discharge from 
the intensive program. An advantage of this patc h-based monitor
is continuous wear for the course of the study, facilitating data
retention in a clinical sample.

While wearing the Actigpatch, adolescents complete online 
sleep diaries. Logs contain daily information about bedtime, 
attempted sleep time, nighttime wakings, wake up time, out of 
bedtime, naps, caffeine, life ev ents, and subjective sleep quality.
These data are intended to support the scoring of actigraphy
data [74]. Sleep diaries are sent to the participant’s email address 
via REDCap each morning and night at predetermined times 
and are checked regularly for completion. Sleep-wake states are
estimated on the Actigpatch record using the Sadeh algorithm [57] 
and sleep-periods are scored vis-a-vis the sleep diary according 
to our established procedures and best recommendations [58, 
59, 75]. Actigraphy is used in combination with sleep diaries to 
estimate sleep-wake patterns. Variables of interest include mean 
total sleep time, sleep efficiency (total sleep time / sleep period 
time), wake after sleep onset, number of awakenings, and the
sleep regularity index (i.e. a measure of consistency of sleep-wake
cycles across nights) [63]. 

Figure 3. ZMax wearable EEG device (top) and electrodes (bottom).

Wearable sleep EEG recordings
To measure EEG in this treatment-seeking clinical sample without 
the prohibitive burden of polysomnography, we use a wearable 
dual channel electroencephalograph: “ZMax” (Hypnodyne, I nc.),
which provides high-quality EEG signals using disposable Ag/AgCl
electrodes. The ZMax (see figure 3)  is  worn  like  a  headband.  A  
demo is provided to all participants prior to being given the device. 
Participants are asked to attach the electrode to the headband and 
place it on their forehead just above the eyebrows. ZMax records 
(256 Hz) left (F7) and right (F8) frontal EEG on a MicroSD card. 
After preprocessing the raw, overnight slee p EEG data through the
Hypnodyne HDREcorder software, deidentified data are processed
through an open-source auto scoring algorithm, dubbed Drea-
mentoScorer [76]. Visual quality-control of raw EEG data as well as 
whole-recording spectrograms generated from DreamentoScorer 
serve to audit EEG data for signal quality. Only sleep stages 
estimated from intact whole-night EEG are considered for future 
sleep architecture analyses. In such recordings, sleep stages are 
tabulated and reported through our group’s open-source Hume 
software. Outcomes of interest are the quantities of REM sleep and
Slow Wave Sleep (as percentages of total sleep time), as well as
their ultradian hour-by-hour distribution across the sleep period.

Laboratory-based assessment 
On day 8 (fear conditioning), 9 (extinction learning), and 10 (fear 
recall) of the study Adolescents participate in a computer-based 
fear extinction learning paradigm. The paradigm is administered 
using E-Prime software 3.0 (Psychology Software Tools, Pittsburgh, 
PA). T he paradigm is modeled after previously validated work
investigating fear extinction learning in youths and it’s dubbed
the “bell task” [77]. The unconditioned stimulus (US) is an image 
of a bell ringing co-occurring with the sounds of a bell at 90 dB. 
Conditioned stimuli (CS) are pictures of a blue bell and yellow 
bell. During the habituation phase the blue and yellow bell images 
are presented eight times each in pseudorandom order. During 
the fear acquisition phase, one of the shapes (CS+) is followed
by presentations of the US along with interspersed presentations
of the other shape (CS-) all in pseudorandom order for a total
of 20 trials. The CS+ is followed by the US according to an 80%
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Figure 4. Schematic of fear e xtinction learning t ask.

reinforcement schedule. During the extinction learning phase the 
CS+ is presented unaccompanied by the US for 12 trials, pseudo-
randomly interspersed with the CS-. During the fear recall phase, 
the CS+ unaccompanied by the US and CS- are presented in 
pseudorandom order for 12 trials each. Each trial lasts 8 seconds.
Inter trial intervals vary between 8 and 12 seconds across all
presentations. The color of the stimuli used for the CS+ and CS- is
counterbalanced across participants. See Figure 4 for a schematic 
of the paradigm.

Variables of interest include skin conductance responses, con-
tingency awareness and state anxiety. Skin conductance level is 
recorded using a Biopac MP150 wireless system (BIPAC Systems, 
Inc., Goleta, CA). Data is acquired at a sampling rate of 1 kHz 
using the GSR module of the Biopac system. Two 5 mm Ag/AgCl 
disposable electrodes filled with isotonic paste are attached to 
middle phalanges of the second and third finger of the non-
dominant hand. A skin conductance response (SCR) for each
trial is estimated by taking the difference between baseline skin
conductance (defined as the average skin conductance level 2s
before CS onset) and the peak skin conductance value observed
anywhere within the seven-second window containing the stim-
ulus presentation.

To assess subject awareness of conditioning, after the fear 
conditioning phase, the extinction phase, and the recall phase 
participants are asked whether one of the presented shapes was 
paired with a sound, and if they respond YES, they are asked 
to specify which of the bells was paired with the sound. These 
responses are collected on a computer keyboard with single but-
ton p resses. To assess subjective anxiety at the end of each
experimental phase, participants respond with a 10-point Likert
scale rating how anxious they feel. These responses are collected
on a computer keyboard with a single button press.

Compensation 
Participants enrolled in the study receive up to $325 for study 
participation. Both participant and parent, if the participant is a
minor, are paid $50 each for the initial assessment consisting of 
clinical and self-report measures. For completion of the 10-day
sleep data collection the participant is paid $100. Participation 
in the fear paradigm task is compensated with $50. Completion 
of the final assessments, including the week of actigraphy, is

compensated with $75. The compensation is provided in cash 
after eac h phase of the study is completed.

Data analysis plan
Data management and confidentiality. All staff with access 
to participant data and identifying information are registered 
with the institutional review board (IRB) at Brown University 
Health. Data are stored on secure servers, which undergo daily 
backups. Participant identifying information is stored separately 
in a password-protected database. Any paper records are stored 
in a locked cabinet within a locked office. There is no personally
identifiable information stored on any of the devices. If a device
were to be lost or stolen, the data on the device would be inacces-
sible without the appropriate software and hardware.

Sample size justification and statistical power. The study 
is powered to the hypothesis tests for Aims 1-3. Power analyses 
were run using G∗Power 3.1.9.7 and assumed alpha of .05. With 84 
participants this study is powered at .80 to detect a small effect 
size (Cohen’s d>.35) for Aim 1. The multiple regression analyses
assume five predictors and are powered to detect medium effect
sizes (R2>.15).

Data anal yses
To evaluate aim 1 (multi-methods examination of sleep problems 
in adolescents with anxiety and/or OCD), we will compute quanti-
tative measures to describe the characteristics of sleep problems 
in these youths and the patterns observed via direct sleep assess-
ments. We will compare estimates in our sample with normative
data with same-age peers [78] using independent samples t-tests. 
We will use latent profile analysis models to further explore the
patterns of sleep in our sample.

To evaluate aims 2 (examine the relationship between 
adolescents’ sleep and fear extinction learning) and 3 (examine 
the relationship between adolescents’ sleep and fear extinction 
recall), we will use multiple regression to estimate the strengths 
of association between skin conductance response (SCR) as a 
measure of fear conditioning, and sleep variables extracted from 
the night before the administration of the task. SCR will be the
dependent variable with sleep duration and number of sleep
disruptions as independent variables. Participants’ symptom
severity, gender, and age will be included as covariates. We will
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use the same analytical methods to estimate the strength of 
association between REM sleep and slow wave sleep duration 
during the night preceding the learning phase and fear extinction 
learning as characterized by SCR. Exploratory analysis will use 
regularized regression to examine the contributions of additional
sleep variables (e.g. sleep regularity, actigraphy based circadian
timing) to fear extinction learning as measured by SCR.

To evaluate aim 4 (assess changes in sleep problems at the 
end of intensive treatment), we will use within subjects t-test 
to examine differences in self and parent reported sleep prob-
lems pre- and post-treatment and the end of the stay in the 
intensive program. We will also divide our sample into youths 
who responded to treatment as evidenced by significant symp-
tom reduction and those who did not, and then utilize between
subject t-tests to compare sleep problems in these two groups
at the outset of treatment. Finally, we will again use regularized
regression to identify predictors of pre-post treatment change in
symptoms.

Based on available data we estimate that up to 80% of partic-
ipants might be prescribed psychotropic medication during their
partial hospital stay [28]. While some of the medications used in 
treatment (e.g. SSRI, Clonidine) are known to impact sleep, it is 
necessary to include participants on medications to accurately 
study youth with more severe symptoms–a group that has largely 
been absent from prior studies. Active psychiatric medications 
and all relevant medication changes are documented, and w e will
consider the impact of medication changes in sensitivity analy-
ses (e.g., rerunning analyses with only those receiving particular
classes of medications) or including medication information (dose
and class) as covariates in our modeling.

Discussion 
Anxiety disorders are prevalent and impairing. Exposure-based 
CBT is the gold standard treatment, but a significant subset of 
youth who receive this intervention will not experience symptom 
improvements. In this study, we aim to characterize sleep in 
adolescents with anxiety disorders broadly specified and examine 
how it relates to fear extinction learning, a central mechanism 
of exposure-based CBT. This study will be the largest dataset to 
date of multi-night multi-modal sleep phenotyping (actigraphy 
and sleep EEG) in such a severely impacted sample of treatment 
seeking youth, providing novel phenotyping data in addition to 
linking these sleep phenotypes to mechanisms of exposure-based 
therapy. The results of this study will enhance our understanding 
of sleep problems in r elation to fear extinction learning among
adolescents with severe or refractory symptoms. Doing so in a
treatment-seeking population complements and expands upon
prior experimental studies of sleep-dependent emotion process-
ing relying on healthy control populations. Thus, these data will
provide a first-step in using multi-method sleep assessments in
an adolescent partial hospital setting as well as inform the future
development and evaluation of interventions targeting sleep to
improve treatment outcomes.
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