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Abstract

Background

Exposure to trauma can result in various mental health disorders including anxiety, depres-
sion, and posttraumatic stress disorder (PTSD). Although psychotherapies and pharmaco-
therapies exist for the treatment of these disorders, many individuals fail to receive
treatment and among those who do, many remain symptomatic. Therefore, it is critical to
continue developing new interventions for traumatic stress that target underlying mecha-
nisms of pathology and offer a safe and acceptable alternative to current treatments. Morn-
ing light treatment has good potential as a novel non-invasive, low risk treatment for
traumatic stress. Evidence suggests that morning light may improve traumatic stress by
reducing reactivity in the amygdala, a brain region implicated in the pathophysiology of
PTSD and anatomically linked to circadian photoreceptors in the eye.

Methods

In this study, we aim to establish a significant dose-response relationship between duration
of morning light treatment and reduction in amygdala reactivity among individuals with trau-
matic stress symptoms (NCT# 04117347). Using a transdiagnostic approach, sixty-six indi-
viduals with a history of a DSM-5 criterion A trauma and traumatic stress symptoms will be
recruited to participate in a 5-week study. Participants will be randomized across three treat-
ment arms based on morning light treatment duration: 15-minutes, 30-minutes, or 60-min-
utes of light treatment per day for four weeks. To evaluate amygdala activity, participants
will undergo fMRI at pre-treatment, mid-treatment, and post-treatment. Participants will also
complete clinical assessments and self-report measures of PTSD, depression, and anxiety
at pre-treatment, mid-treatment, and post-treatment.
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Discussion

Morning light therapy may be an acceptable, feasible, and effective treatment for individuals
suffering from traumatic stress. Identifying mechanistically relevant targets, and the doses
needed to impact them, are critical steps in developing this new treatment approach for the
sequelae of traumatic stress.

Introduction

The mental health burden of trauma is costly for individuals and society [1]. Evidence from a
national sample of U.S. adults showed that 89.7% of individuals had been exposed to a trau-
matic event, including 53.1% of individuals exposed to interpersonal violence [2]. Trauma
contributes to a wide variety of mental health problems including posttraumatic stress disorder
(PTSD), depression, anxiety, substance use, and suicidality [3, 4]. Although front-line psycho-
therapies and pharmacotherapies exist for traumatic stress, evidence suggests that many indi-
viduals fail to receive treatment [5, 6], remain symptomatic despite treatment [7-9], or drop
out of treatment before its conclusion [10]. Furthermore, uptake of these treatments is poor
for several reasons including stigma, avoidance, unpleasant side effects, and poor accessibility
[11]. New treatments are needed for traumatic stress that can overcome these critical barriers
to care while targeting the underlying biological mechanisms of the pathology.

Morning light is typically a device-based treatment that aims to advance circadian timing,
improve sleep quality, and improve mood [12]. Research suggests that morning light therapy
is efficacious for treating mood disorders such as seasonal and nonseasonal depression [13].
More recently, these improvements have also been found in individuals with PTSD. Prelimi-
nary evidence from a pilot randomized trial of individuals with probable PTSD found large
improvements in PTSD symptoms (Cohen’s d = 0.94) for participants who underwent 4 weeks
of light treatment (60 min/day) relative to participants who received a placebo treatment [14].
In a randomized controlled trial of 69 combat veterans with PTSD, 4 weeks of morning light
treatment (30 min/day) led to significantly greater improvements in PTSD symptoms and
rates of treatment response relative to a control treatment [15]. Kawamura and colleagues [16]
explored morning light treatment as a potential augmentation of exposure-based cognitive
behavioral therapy (CBT). They found that participants with PTSD and panic disorder who
received morning light therapy and CBT had a significantly greater reduction of depression
and anxiety symptoms when compared to participants who received sham light and exposure-
based CBT; however, the sample size was quite small [16].

These findings suggest that morning light has good potential as a novel, non-invasive, low
risk treatment for trauma-related disturbances in mood and arousal. While bright light is
sometimes associated with some side effects (e.g., headache, eyestrain, nausea, agitation) [17],
these often spontaneously remit [17, 18], and patients rarely discontinue due to side effects
[18]. Bright light devices (with UV filter) are considered safe with no changes in ophthalmo-
logic exams observed after 6 years of daily use (in fall and winter months) [19]. Further, light
treatments are commercially available and can be self-administered at home, allowing easy
access and dissemination once efficacy is established.

The amygdala appears to be an important transdiagnostic target for traumatic stress symp-
toms as it is one of the central brain regions implicated in traumatic stress [20]. The amygdala
plays a critical role in emotional memory and the acquisition of fear responses [21], which are
intimately related to the clinical manifestation of traumatic stress symptoms. Research has
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shown increased amygdala function during exposure to traumatic reminders [22, 23], and
amygdala hyperactivity to salient cues has been linked to traumatic stress symptoms including
symptoms of depression [24] and anxiety [25], as well as PTSD [26, 27]. In a rodent model of
PTSD, inhibitory deep brain stimulation of the amygdala reduced PTSD-like behaviors, dem-
onstrating a causal link between changes in amygdala function and PTSD-like behavior [28,
29]. This link may also occur in humans as the first published case report of deep brain stimu-
lation targeting the amygdala in a single human showed substantial clinical improvements and
reduction in PTSD symptoms [30]. These studies suggest that changes in amygdala function
are causally linked to changes in PTSD-like / PTSD symptoms. Moreover, several studies have
demonstrated decreased amygdala activation as a result of successful treatment of PTSD [31-
33], depression [21], and anxiety disorders [34]. Thus, decreasing amygdala reactivity appears
to be a potentially critical treatment target for traumatic stress.

Several converging pieces of evidence suggest that morning light may affect amygdala reac-
tivity. The primary circadian photoreceptors in the eye are specialized cells known as intrinsi-
cally photosensitive retinal ganglion cells (ipRGCs). Preclinical research has shown that
IpRGCs transmit the light signal to various brain targets, including the amygdala [12]. Addi-
tionally, previous research has found that when participants were exposed to greater light
intensity, when compared to dim light, a reduction in amygdala activity was found [35]. There
is only one study that has examined amygdala activity before and after a light treatment. In
that study, 30 healthy male participants received a 3-week morning white light treatment (30
min/day) of varying intensity, from 100-11,000 lux. The brighter the white light, the greater
the pre- to post-treatment reduction in amygdala reactivity observed during an emotional
faces fMRI task [36]. Thus, there is evidence to suggest morning light treatment may reduce
traumatic stress by inducing a reduction in amygdala reactivity.

Given the previous findings, morning light treatment appears to be feasible, acceptable, and
capable of decreasing psychopathology across diagnoses. However, no previous studies have
tested the therapeutic mechanisms of morning light treatment for traumatic stress. Here, we
aim to establish a significant dose-response relationship between the duration of morning
light treatment and reduction in amygdala reactivity from pre-treatment to mid-treatment
and/or post-treatment using a wearable device, the Re-Timer™, which is commercially avail-
able. Finally, we will analyze clinician administered and self-report measures to examine
changes in traumatic stress as well as changes in objective and subjective sleep measures.

Materials and methods
Design

The Morning Light Stress Study (MLT; HUMO00161267) is an interventional clinical trial aim-
ing to recruit 66 individuals aged between 18-60 years who have experienced a DSM-5 Crite-
rion A trauma and meet threshold for trauma-induced hyperarousal and depression, anxiety,
and stress symptoms. Community members and clinical populations with traumatic stress are
being recruited.

Participants

Participants include adults living within a 1 hour driving distance of Ann Arbor, Michigan.
Recruitment methods primarily utilize social media (e.g., Craigslist and Facebook), the Uni-
versity of Michigan’s Health Research registry (UMHR, umhealthresearch.org), targeted
emailing of University of Michigan affiliates, word of mouth, flyering in local support groups,
and community gatherings. With Institutional Review Board approval, research staff also
email patients who likely had traumatic stress based on diagnostic codes and clinical notes in
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their electronic health records by using the University of Michigan’s Electronic Medical
Record Search Engine (EMERSE) [37]. Inclusion and exclusion criteria are located in Table 1.

Procedure

Participant recruitment started in December 2019 with recruitment expected to be completed
by June 2022. This is a 5-week study consisting of one week of baseline assessment and four
weeks of intervention (see Fig 1 for study visit schedule). Potential participants are pre-
screened for major inclusion and exclusion criteria using a combination of online survey and
telephone interview. If eligible, participants then complete in-person visit 1 (eligibility visit)
which includes the consenting process and collection of self-report measures related to medi-
cal history, demographics, and health information to determine further eligibility. During visit
1, participants lie in a mock fMRI scanner to ensure comfort. Final eligibility is confirmed at

Table 1. Inclusion and exclusion criteria.

Inclusion criteria

1. Participants between 18 and 60 years old

2. Right-handed

3. Fluent in English

4. Experienced a DSM-5 Criterion A Trauma > 1 month ago

5. Endorsing at least 2 hyperarousal symptoms at "moderately" or higher (PSS-I-5 questions 15-20) [38]

6. Endorsing a Depression Anxiety Stress Scale-21 (DASS-21) [39] score > 22

7. Physically able to travel for study visit attendance

Exclusion criteria

1. Significant chronic disease (e.g., uncontrolled diabetes, advanced liver disease, cancer, kidney failure, seizures)
2. Uncorrected vision problems (e.g., colorblindness, cataracts, glaucoma, retinal pathology, history of eye surgery)
3. Unstable medication use 30 days prior to or during study participation

4. Moderate or severe traumatic brain injury (i.e., loss of consciousness > 30 minutes and/or open skull or foreign
object directly impacted brain tissue)

5. fMRI contraindications (e.g., ferrous-containing metal in body, claustrophobia, head or neck tattoos)

6. Lifetime psychotic or bipolar disorders

7. Current significant obsessive-compulsive disorder

8. Acute suicidality within 6 months

9. Alcohol use disorder or substance use disorder within the past 3 months

10. Diagnosed with or high risk for sleep disorder (i.e., obstructive sleep apnea, restless leg syndrome, narcolepsy)
11. Severe hearing problem

12. Intellectual disability or serious cognitive impairment

13. Photosensitizing medications

14. Medications known to reduce amygdala activation (e.g., selective serotonin reuptake inhibitors, serotonin and
norepinephrine reuptake inhibitor, benzodiazepines, beta-blockers, and/or opioids)

15. Unable or unwilling to abstain from amphetamine use 24 hours prior to fMRI scans

16. Current or past 30-day psychological therapy (with exception of strictly supportive therapy)
17. Pregnant, trying to get pregnant, or breastfeeding

18. Working night shifts or other shiftwork that affects sleep

19. Previous use of light treatment device in prior 6-month period

20. Participating in another research study intervention

2
22. DSM-5 Criterion A trauma within the past month

—

. Recent (<1 month) travel outside eastern time zone

23. High risk for winter depression during the fall/winter months (determined from presence of high self-reported
seasonality and high DASS depression scores)

https://doi.org/10.1371/journal.pone.0269502.t001
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Screening
visits

Intervention visits

Measures

Visit
1

Visit
2

Visit 3
(pre-tx)

Visit
4

Visit 5
(mid-tx)

Visit
6

Visit 7
(post-tx)

Screening and baseline
measures

Medical history and
medications

Demographics

X

Seasonality

>

SCID

Primary outcome
measures

fMRI Scan

Clinician-administered
assessments

PSSI-5

x

x

x

HAM-D

x

x

x

HAM-A

Self-report assessments

BTQ

x

cTQ

PCL-5

DASS-21

>

BSSI

WSAS

XX | X | X

XX | XX

Treatment Expectation

XX | X | XX

Treatment Satisfaction

x

Sleep assessments

PSQl

MEQ

ISI

Daily sleep log

x

>

>

Wrist actigraphy

XX | X | X | X

x

XX | X | X[ X

x

XX | X | XX

Safety measures

SAFTEE

x

x

C-SSRS (past 6 months)

C-SSRS (since last visit)

X

X

X

X

X

X

Fig 1. Schedule of measure administration. SCID = Structured Clinical Interview for DSM-5; PSSI-5 = PTSD Symptom Scale-Interview for
DSM-5; HAM-D = Hamilton Depression Rating Scale; HAM-A = Hamilton Anxiety Rating Scale; BTQ = Brief Trauma Questionnaire;

CTQ = Childhood Trauma Questionnaire; PCL-5 = PTSD Checklist for DSM-5; DASS-21 = Depression, Anxiety and Stress Scale- 21 item;
BSSI = Beck Scale for Suicidal Ideation; WSAS = Work and Social Adjustment Scale; PSQI = Pittsburgh Sleep Quality Index;

MEQ = Morningness Eveningness Questionnaire; ISI = Insomnia Severity Index; SAFTEE = Systematic Assessment for Treatment Emergent
Events; C-SSRS = Columbia Suicide Severity Rating Scale. Wrist actigraphy is collected continuously and sleep logs are collected daily between
visits 2 and 7.

https://doi.org/10.1371/journal.pone.0269502.g001
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visit 2 (enrollment visit) after the participant meets with a Graduate- or Doctoral-level trained
clinician and are interviewed using the Structured Clinical Interview for DSM-5 Disorders
(SCID-5) [40] to assess for current and lifetime psychiatric diagnoses. During visit 2, partici-
pants are also administered the DASS-21 [39], the Childhood Trauma Questionnaire (CTQ)
[41], and the Columbia Suicide Severity Rating Scale (C-SSRS) [42]. Finally, at visit 2, partici-
pants are given a wrist monitor (30 second epochs, Actiwatch Spectrum Plus, Respironics,
Bend, Oregon) to wear on their non-dominant wrist to track their sleep throughout the study
protocol. One week later, at visit 3 (pre-treatment visit), the sleep and light treatment schedule
is established based on actigraphy data. Participants are assigned to follow this average sleep
schedule every day for the remainder of the study. Further, during visit 3, pre-treatment out-
come assessments are administered, and the pre-treatment fMRI is completed. Participants
are also randomized to one of three daily light durations (15, 30, or 60 minutes/day) in a 1:1:1
ratio using a minimization approach to reduce imbalances in important covariates including
combat vs. non-combat index trauma; DASS-21 [39]; use of psychoactive medication; and age,
sex, and race. Morning light treatment then begins the day after visit 3.

See Fig 1 for a depiction of all assessments administered at all the visits and see Fig 2 for a
full timeline of study procedures. Participants are required to abstain from recreational drug
use for the entirety of the study and alcohol use within 24 hours of visits. Additionally, partici-
pants are not allowed to have any caffeine one hour prior to a fMRI scan. To ensure compli-
ance to the drug and alcohol policies, all participants are breathalyzed at the beginning of each
study visit. Further, during visits 2, 3, 5, and 7 all participants are drug tested using an 8-panel
urine drug test and females are administered pregnancy tests.

Note that with the outbreak of the novel Coronavirus-19 (COVID-19) in March of 2020,
social distancing and protective equipment were used at in-person visits. Screening visits were
modified for participant safety. For example, all screening measures were conducted virtually
except for elements that required in-person assessments such as breathalyzing, drug testing,
vision screening, etc. The partial virtual screening visits and informed virtual consent were
conducted until July of 2021.

Morning light treatment

The morning light treatment is self-administered at home using the Re-timer™® light therapy
glasses. Retimer™ emits a green light and is designed to optimize therapeutic wavelength
(~500nm, 230 gW/m?, 500 lux) by being close to the peak sensitivity of the circadian photore-
ceptors (~480 nm) [12, 43]. At visit 3 (pre-treatment), participants are randomized to a light
treatment duration of 15, 30, or 60 minutes. Participants are instructed to start the light treat-
ment the next morning immediately following their assigned wake time and are allowed to
wake up one hour earlier than their average final wake time to allow time for light treatment
[44]. If this occurs, the participant bedtime is also shifted earlier to avoid sleep deprivation.
The earliest start time for light treatment is 6am. Participants complete light treatment sessions
for 28 consecutive days at the same time and duration each day. Participants are also instructed
not to sleep or meditate (closing eyes) within five hours after their assigned light treatment
start time, to avoid creating a dark pulse that can counteract the effect of the light.

Adherence is assessed via light and actigraphy data measured by a monitor (30 second
epochs, Actiwatch Spectrum Plus, Respironics, Bend, OR) attached to the Re-timer™, which is
reviewed with participants at the weekly study visits. Research staff contact the participant via
phone call or text 10 minutes after their assigned light treatment start time each morning to
ensure that they have started the light treatment. Subjects are also given an alarm clock set to
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Recruitment

Craigslist
UMHealthResearch
» Other PTSD studies +

Online Screening
Survey

Visit 1 (Screening)

Informed consent
Demographics
Breathalyze, urine drug
and pregnancy test

VA

A

Self-reported

Flyers
Facebook Ads
Google Ads
Targeted emails

Follow Up Phone
Screen

questionnaires

Vision tests
* Mock scanner

Interview questionnaires

Eligibility confirmation

Day 0

Start-Up Prep

» Subject tracks sleep
times for 1 week

« Confirm draft study
protocol with subject,
including visit dates

Day 1 Day 8 Day 15
Visit 3 (Pre-Treatment)
* Breathalyze, urine drug and
Visit 2 (Baseline) proguancylestss e
+ fMRI: screen, practice, scan Visit 4
* Breathalyze, urine drug and + Clinician-administered + Breathalyze
RISGNANEYEEtS AR ESSmenE + Self-reported questionnaires
« SCID-5 « Self-reported questionnaires . C-SSRS. SAFTEE
« Self-reported questionnaires + C-SSRS . Review a;ctigraphy and compliance
* C-SSRS « Review actigraphy data; finalize daita
* Receive study materials sleep and treatment protocol
» Randomization
* Receive ReTimer and instructions
+ Treatment expectation
Day 22 Day 29 Day 36

.

Visit 5 (Mid-Treatment)

Breathalyze, urine drug and
pregnancy tests

fMRI: screen, practice, scan
Clinician-administered

assessments

Self-reported questionnaires
C-SSRS, SAFTEE

Review actigraphy and compliance
data

Visit 6

Breathalyze

Self-reported questionnaires
C-SSRS, SAFTEE

Review actigraphy and compliance
data

Visit 7 (Post-Treatment)

Breathalyze, urine drug and
pregnancy tests

fMRI: screen, practice, scan
Clinician-administered
assessments

Self-reported questionnaires
C-SSRS, SAFTEE
Self-reported questionnaires
Treatment satisfaction
Review actigraphy and compliance
data

Subject given follow-up
questionnaire

Fig 2. Timeline of study procedures. SCID-5 = Structured Clinical Interview for DSM-5 Disorders, C-SSRS = Columbia Suicide Severity Rating Scale,
SAFTEE = Systematic Assessment for Treatment Emergent Event.

https://doi.org/10.1371/journal.pone.0269502.9002
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their assigned wake time and a stopwatch set to their assigned light treatment duration to pro-
mote adherence.

Primary outcome

fMRI scan. The primary outcome of this study is measuring amygdala reactivity using
fMRI scans. Scanning will be performed at the fMRI Laboratory at the University of Michigan
on a 3.0 Tesla GE Discovery MR750 (Waukesha, WI) using a state-of-the art 32-channel radio-
frequency coil and updated software (DV 26R2) with a high-performance gradient system
(peak 50 mT/m, slew rate 200 T/m/s). Whole-brain blood-oxygen-level dependent (BOLD)
fMRI signal measures will be acquired using a Gradient Echo sequence (TR/TE = 1200/30 ms,
FOV = 21.6, slice thickness = 2.4mm) to measure brain function at rest and during task, opti-
mized to reduce susceptibility artifact. A high-resolution T1 scan will be collected for precise
anatomical localization in the same prescription as the BOLD scans to facilitate normalization.
T2* images and measures of signal quality with signal-to-noise ratios (SNR) will be acquired
for all participants. Only scans with high quality and scan stability with minimum motion will
be analyzed.

Amygdala reactivity is measured using BOLD signal measures at each scan, which occur
pre-treatment (visit 3), mid-treatment (visit 5), and post-treatment (visit 7). During each scan,
participants complete the Emotional Face Assessment Task (EFAT) [45] and the Emotion Reg-
ulation Task (ERT) [46]. However, if participants find the images in the ERT too disturbing,
they can opt out if desired. Prior to each fMRI scan, participants go through practice runs of
the EFAT and ERT with research staff to ensure they understand the task. At the beginning of
each MRI session, a resting state scan measure is captured for each participant before initiating
the EFAT task.

Emotional Face Assessment Task (EFAT). The EFAT has previously been shown as an
effective measure of amygdala reactivity [45]. Participants view a set of three faces and are
asked to match one facial expression at the top of the screen with the closest facial expression
of the other two at the bottom of the screen. The pictured faces show one of five facial expres-
sions: anger, fear, happiness, sadness, and neutrality. The matching expression also shows one
of those five expressions while the incorrect match has a neutral facial expression. The EFAT
uses a block design with blocks based on target face expression (4 trials per block, each trial 5
seconds, each block 20 seconds). There are 9 face blocks per run with 3 blocks of each face
emotion type, presented in pseudorandom order. Nine baseline blocks are interleaved with the
face blocks, consisting of shape (circle, rectangle, triangle) matching trials. Participants com-
plete 2 runs of this task and each run lasts 6 minutes and 12 seconds. Amygdala reactivity in
response to each type of facial expression is assessed by fMRI; consideration will be given spe-
cifically to amygdala reactivity to negative faces. In addition to the measure of amygdala reac-
tivity, we also measure accuracy and response time to verify participants understand the task,
are paying attention, and following directions.

Emotion Regulation Task (ERT). The ERT is designed to measure a person’s ability to
regulate their emotions. Participants are shown a series of either negative (e.g., violence) or
neutral (e.g., light switch) images from the International Affective Picture System (IAPS) [47].
They are instructed to increase their emotional response and ruminate on negative images
(“maintain”), decrease their emotional response by rationalizing negative images (“reap-
praise”), or simply view neutral images without any meaningful interpretation (“look”). The
ERT uses a block design; blocks are based on the viewing instructions (reappraise, maintain,
look), presented in a pseudorandom order. Each block lasts 20 seconds (4 pictures presented
for 5 seconds in each block), and each block is presented twice per run. Baseline blocks,
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consisting of a fixation cross for 20 seconds, are interleaved with the reappraise, maintain, and
look blocks, for a total of 12 blocks per run. A prompt is provided before each block (5 sec-
onds) to indicate whether participants should engage in the “maintain,” “reappraise,” or
“look” instructions for the block. Maintain and reappraise instructions appear prior to blocks
of negative images while look instructions appear for blocks of neural images. After each
block, participants are asked to rate “How negative do you feel?” from 1 (not at all) to 5
(extremely). Participants complete 4 runs of this task, each run lasts 5 minutes and 10 seconds.
Amygdala reactivity in response to each type of block is assessed by fMRI; consideration will
be given specifically to amygdala reactivity during maintain blocks. In addition to the measure
of amygdala reactivity, we also measure self-reported affect after each block.

Resting-state. Resting state is designed to probe intrinsic connectivity patterns at rest.
Participants were instructed to fixate on a crosshair on a blank gray screen, relax, and let their
mind wander without falling asleep for 8 minutes.

Clinician-administered assessments

Participants also meet with a clinician at pre-treatment (visit 3), mid-treatment (visit 5), and
post-treatment (visit 7) to assess for current traumatic stress symptoms. These assessments
include the Posttraumatic Stress Disorder Symptom Scale Interview for DSM-5 (PSSI-5) [38],
Hamilton Depression Rating Scale (HAM-D) [48], and Hamilton Anxiety Rating Scale
(HAM-A) [49]. Clinical assessment interviews are video recorded, at the participant’s discre-
tion, and 20% of tapes will be assessed for fidelity by the Principal Investigator (PI, AKZ). All
assessors, including the PI (AKZ), are blind to treatment condition.

Self-reported clinical assessments

Participants complete self-report measures of past traumatic stress during their pre-treatment.
These include the Brief Trauma Questionnaire (BTQ) [50] and Childhood Trauma Question-
naire (CTQ) [41].

At all weekly visits, participants report current traumatic stress symptoms on the PTSD
Checklist for DSM-5 (PCL-5) [51] and Depression, Anxiety and Stress Scale- 21 item (DASS-
21) [39]. Additional clinical and functioning measures are assessed at pre-treatment, mid-
treatment, and post-treatment including the Beck Scale for Suicidal Ideation (BSSI) [52] and
Work and Social Adjustment Scale (WSAS) [53].

After research staff have demonstrated the hands-on use of the Re-timer™ to participants,
but before they begin the light treatment itself, participants fill out a Treatment Expectation
Questionnaire which measures the participant’s expectations of the effectiveness of the treat-
ment. At the post-treatment assessment, participants fill out a Treatment Satisfaction Ques-
tionnaire that assesses both the participant’s feelings of the treatment effectiveness and the
participant’s satisfaction with the treatment. At study completion, participants are also given
an optional follow-up questionnaire assessing compliance and feedback to be mailed back
anonymously.

Sleep assessments

Sleep assessments include both objective measures (i.e., wrist actigraphy) and subjective mea-
sures (i.e., self-reported ratings). Objective sleep measures include wrist actigraphy collected
by wearing a Philips Actiwatch Spectrum Plus (Respironics, Bend, OR) daily during the study
starting at their pre-treatment. To supplement this, participants also fill out three daily logs.
The first assesses daily bed and wake times. The second assesses daily alcohol, caffeine, and
medication consumption. The third assesses daily use of the light treatment device. Subjective

PLOS ONE | https://doi.org/10.1371/journal.pone.0269502  June 8, 2022 9/16


https://doi.org/10.1371/journal.pone.0269502

PLOS ONE

Morning light treatment for traumatic stress

measures of sleep are self-reported using the Pittsburgh Sleep Quality Index (PSQI) [54],
Morningness Eveningness (Owl-Lark) Questionnaire (MEQ) [55], and Insomnia Severity
Index (ISI) [56] at pre-treatment, mid-treatment, and post-treatment.

Safety measures

At each weekly visit after the start of treatment (i.e., visits 4-7), participants complete a self-
reported measure of physical and emotional symptoms they have experienced in the past week
using the Systematic Assessment for Treatment Emergent Events (SAFTEE) as used in a previ-
ous light treatment study [57]. An unblinded research staff assesses severity of symptoms and
its relevance to the light treatment to ensure no significant negative effects are associated with
the participant’s light treatment. If severity meets a pre-determined threshold, the unblinded
research staff alerts a PI and/or licensed clinical psychologist or a physician based on symptom
nature to further assess the participant’s safety and risk for an adverse event. At each session,
suicidality is also assessed using the Columbia Suicide Severity Rating Scale (C-SSRS) [42].

Data analysis

Primary analytic cohorts will be intent-to-treat and per-protocol. To establish a relationship
between the duration of daily morning light treatment (dose) and reduction in amygdala
reactivity (response) from pre-treatment to mid-treatment and/or post-treatment, data will
be analyzed using responses at all three times (pre-treatment, mid-treatment and post-treat-
ment) as dependent variables using a mixed-effects longitudinal data model. Several con-
trasts will be explored on the EFAT (e.g., negative faces v. shapes, fear faces v. happy faces)
and ERT (e.g., reappraise v. look, maintain v. look). Participants will be included as random
intercepts to account for between-participant variability and time will be a predictor. First,
we will graphically explore the relationship between responses and dose by time and specify
how dose and time will be parameterized. For example, if the rate of change over time in
response is linear and depends on dose (e.g., greater drop in amygdala reactivity over time
with increasing duration of daily light pulse), we will assess it by including the interaction of
time by dose (in minutes) and the main effects of time and of dose. The interaction term will
allow testing if dose-dependent relationship linearly increases or decreases in time. If a non-
linear dose-dependent relationship is shown in graphs (e.g., about equal size drop in amyg-
dala reactivity with 30 and 60 mins of daily light pulse, although greater than 15 mins of daily
light pulse), it will be explored using indicators of dose groups. Time can also be included as
categorical indicators to see, for example, if four weeks, relative to two weeks achieve even
greater (or no greater) response than two weeks relative to pre-treatment. A flexible model
including categorical time indicators and dose indicators and their interactions will allow
testing for a more complicated relationship between the daily dose and reduction in amyg-
dala reactivity from pre-treatment to mid-treatment and/or post-treatment. If the interac-
tions are not significant based on the likelihood ratio test, we will fit the model without the
interaction terms and assess for overall 30 min and 60 min dose effects vs. 15 min dose, and
the overall mid- and post-treatment effects vs. pre-treatment. Regarding missing data, if
“non-ignorable” patterns are detected, then “pattern mixture”, “selection models”, or other
appropriate strategies will be used to examine the impact of the missing data pattern on the
key outcomes [58, 59]. All analyses will include tests for sex differences, to examine sex as a
biological variable.

In addition to the effect size comparison for the region of interest analysis, we will also
conduct exploratory whole-brain voxel-wise analyses, employing a similar statistical
approach across the entire brain in an exploratory search to generate hypotheses for
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subsequent study. Statistical maps for the whole brain analysis will be created using a thresh-
old of p<0.001 with a cluster threshold of at least 10 voxels. Brain images will be entered
into second-level analyses implemented in SPM12 to mirror analyses performed with
extracted values. We will also conduct exploratory amygdala analyses to evaluate: 1) different
sub-regions within the amygdala; 2) activation outside of amygdala using whole-brain
voxel-wise analyses; and 3) using amygdala circuit seeds for functional (psychophysiological
interaction analyses), resting state and effective (dynamic causal modeling) connectivity
analyses.

Changes in traumatic stress symptoms and sleep will also be assessed over the course of the
intervention. Specifically, we will examine the clinician measures (PSSI-5, HAM-D, HAM-A)
and self-report measures (DASS-21, PCL-5, PSQI, ISI, Owl-Lark) of traumatic stress symp-
toms and sleep with a mixed-effects longitudinal data model as described above. Actigraphy
estimates of sleep onset time (clock time of the first epoch scored as sleep in each rest interval),
wake time (clock time of the last epoch scored as sleep in each rest interval), total sleep time
(number of minutes scored as sleep in each rest interval), and wake after sleep onset (number
of minutes scored as wake between sleep onset and wake time) will be extracted for each day,
then averaged for the pre-treatment, mid-treatment, and post-treatment weeks, and analyzed
similarly to clinical and self-report measures.

Discussion

This protocol manuscript describes a single-blinded three-arm randomized controlled mecha-
nistic trial aiming to establish a significant dose response relationship between the duration of
morning light treatment and reduction in amygdala reactivity. Although front-line treatments
exist for trauma-related psychopathology, additional treatment options are needed. With exist-
ing approaches, many individuals fail to receive evidence-based psychotherapies and pharma-
cotherapies [5, 6] and very few individuals receive a minimally adequate dose of treatment [10,
60]. Uptake of these treatments is poor for several reasons including stigma, avoidance,
unpleasant side effects, and poor accessibility [11]. As a self-administered, commercially avail-
able, low risk treatment, morning light treatment has the potential to overcome these critical
barriers to care and be easily scaled to meet treatment needs. Moreover, even among those
who do receive psychotherapy or pharmacotherapy, a substantial minority of individuals
remain symptomatic, suggesting that alternative treatments are needed [7, 8]. Morning light
therapy has been found to be highly effective in treating seasonal and nonseasonal depression
[61, 62] and some studies have indicated therapeutic benefit for anxiety symptoms as well [63—
65]. Light therapy has also led to improvement in PTSD symptoms in two randomized trials
[14, 15]. Delineating some of the mechanisms underlying the effects of morning light treat-
ment on traumatic stress symptoms will better inform our understanding of its therapeutic
potential.

This study will have limitations. First, the exclusion of individuals with current substance
use disorder and with certain sleep disorders will limit the generalizability of the findings. Sec-
ond, follow-up visits will not be conducted; therefore, the durability of treatment effects will
not be captured. Lastly, with a pre-post fMRI design, there are issues of stability for test-retest
activation in brain regions and for fMRI signal change due to scanner-related effects or mea-
surement errors. Test-retest stability of BOLD signal is evident in studies scanning the amyg-
dala (8 weeks- 1 year) [24, 66, 67]. To ameliorate these issues, we will measure signal to noise
ratio (SNR) values extracted from ROIs for each of the fMRI sessions to confirm sufficient and
similar SNR effects across all sessions. Additionally, test-retest reliability with intra-class corre-
lations from ROIs for all participants across the sessions will also be examined.
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Conclusions and innovations

The current transdiagnostic study is the first to evaluate the underlying brain mechanisms of a
wearable morning light treatment for individuals with traumatic stress. This study has the
potential to uncover novel mechanistic knowledge of how morning light therapy works to
identify promising treatment targets for those with traumatic stress. Furthermore, by taking an
experimental therapeutics approach, this study aims to demonstrate target engagement and
establish the optimal treatment dose prior to conducting a time-intensive and expensive ran-
domized control trial. In doing so, this study will provide future researchers an understanding
of what mechanisms should be targeted, allowing for refinement of current intervention
approaches to enhance treatment efficacy and efficiency.

Supporting information

S1 File.
(DOCX)

S1 Checklist.
(DOC)

Acknowledgments

We would like to thank Muneer Rizvydeen, Emily Spence, Masumi Prasad, Sonal Bahl, Jordyn
Czarny, Nikki Hubbard, David Kagan, and Samuel Warshaw for their contributions in collect-
ing the data.

Author Contributions

Conceptualization: Helen J. Burgess, K. Luan Phan, Israel Liberzon, Heide Klumpp, James
Abelson, Alyson K. Zalta.

Formal analysis: Elizabeth R. Duval, Hyungjin Myra Kim.

Funding acquisition: Helen J. Burgess, Alyson K. Zalta.

Investigation: Helen J. Burgess, Alyson K. Zalta.

Methodology: Helen J. Burgess, Elizabeth R. Duval, K. Luan Phan, Israel Liberzon, Heide
Klumpp.

Project administration: Helen J. Burgess, Brooke Huizenga, Adam Horwitz, Ann Mooney,
Greta B. Raglan, Alyson K. Zalta.

Supervision: Helen J. Burgess, Alyson K. Zalta.
Writing - original draft: David P. Cenkner, Brooke Huizenga, Alyson K. Zalta.

Writing - review & editing: David P. Cenkner, Helen J. Burgess, Brooke Huizenga, Elizabeth
R. Duval, Hyungjin Myra Kim, K. Luan Phan, Israel Liberzon, Heide Klumpp, James Abel-
son, Adam Horwitz, Ann Mooney, Greta B. Raglan, Alyson K. Zalta.

References
1. Kessler RC. Posttraumatic stress disorder: the burden to the individual and to society. J Clin Psychiatry.
2000; 61 Suppl 5:4—12; discussion 13-14.

2. Kilpatrick DG, Resnick HS, Milanak ME, Miller MW, Keyes KM, Friedman MJ. National estimates of
exposure to traumatic events and PTSD prevalence using DSM-IV and DSM-5 criteria. J Trauma
Stress. 2013 Oct; 26(5):537—47. https://doi.org/10.1002/jts.21848 PMID: 24151000

PLOS ONE | https://doi.org/10.1371/journal.pone.0269502  June 8, 2022 12/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0269502.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0269502.s002
https://doi.org/10.1002/jts.21848
http://www.ncbi.nlm.nih.gov/pubmed/24151000
https://doi.org/10.1371/journal.pone.0269502

PLOS ONE

Morning light treatment for traumatic stress

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Perkonigg A, Kessler RC, Storz S, Wittchen HU. Traumatic events and post-traumatic stress disorder in
the community: prevalence, risk factors and comorbidity. Acta Psychiatr Scand. 2000 Jan; 101(1):46—
59. https://doi.org/10.1034/j.1600-0447.2000.101001046.x PMID: 10674950

Stein DJ, Chiu WT, Hwang |, Kessler RC, Sampson N, Alonso J, et al. Cross-national analysis of the
associations between traumatic events and suicidal behavior: findings from the WHO World Mental
Health Surveys. PLoS One. 2010 May 13; 5(5):e10574. https://doi.org/10.1371/journal.pone.0010574
PMID: 20485530

Wang PS, Berglund P, Olfson M, Pincus HA, Wells KB, Kessler RC. Failure and delay in initial treatment
contact after first onset of mental disorders in the National Comorbidity Survey Replication. Arch Gen
Psychiatry. 2005 Jun; 62(6):603—13. https://doi.org/10.1001/archpsyc.62.6.603 PMID: 15939838

Watts BV, Shiner B, Zubkoff L, Carpenter-Song E, Ronconi JM, Coldwell CM. Implementation of evi-
dence-based psychotherapies for posttraumatic stress disorder in VA specialty clinics. Psychiatr Serv.
2014 May 1; 65(5):648-53. https://doi.org/10.1176/appi.ps.201300176 PMID: 24430622

Bradley R, Greene J, Russ E, Dutra L, Westen D. A multidimensional meta-analysis of psychotherapy
for PTSD. Am J Psychiatry. 2005 Feb; 162(2):214-27. https://doi.org/10.1176/appi.ajp.162.2.214
PMID: 15677582

Watts BV, Schnurr PP, Mayo L, Young-Xu Y, Weeks WB, Friedman MJ. Meta-analysis of the efficacy of
treatments for posttraumatic stress disorder. J Clin Psychiatry. 2013 Jun; 74(6):e541-550. https://doi.
org/10.4088/JCP.12r08225 PMID: 23842024

Stein DJ, Ipser J, McAnda N. Pharmacotherapy of posttraumatic stress disorder: a review of meta-anal-
yses and treatment guidelines. CNS Spectr. 2009 Jan; 14(1 Suppl 1):25-31. PMID: 19169191

Najavits LM. The problem of dropout from “gold standard” PTSD therapies. F1000Prime Rep. 2015;
7:43. https://doi.org/10.12703/P7-43 PMID: 26097716

Kantor V, Knefel M, Lueger-Schuster B. Perceived barriers and facilitators of mental health service utili-
zation in adult trauma survivors: A systematic review. Clin Psychol Rev. 2017 Mar; 52:52—68. https://
doi.org/10.1016/j.cpr.2016.12.001 PMID: 28013081

LeGates TA, Fernandez DC, Hattar S. Light as a central modulator of circadian rhythms, sleep and
affect. Nat Rev Neurosci. 2014 Jul; 15(7):443-54. https://doi.org/10.1038/nr3743 PMID: 24917305

Golden RN, Gaynes BN, Ekstrom RD, Hamer RM, Jacobsen FM, Suppes T, et al. The Efficacy of Light
Therapy in the Treatment of Mood Disorders: A Review and Meta-Analysis of the Evidence. AJP. 2005
Apr 1; 162(4):656—62.

Zalta AK, Bravo K, Valdespino-Hayden Z, Pollack MH, Burgess HJ. A placebo-controlled pilot study of a
wearable morning bright light treatment for probable PTSD. Depression and Anxiety. 2019; 36(7):617—
24, https://doi.org/10.1002/da.22897 PMID: 30995350

Youngstedt SD, Kline CE, Reynolds AM, Crowley SK, Burch JB, Khan N, et al. Bright Light Treatment
of Combat-related PTSD: A Randomized Controlled Trial. Mil Med. 2021 Jan 29;usab014.

Kawamura A, Yoshiike T, Yoshimura A, Koizumi H, Nagao K, Fuijii Y, et al. Bright light exposure aug-
ments cognitive behavioral therapy for panic and posttraumatic stress disorders: a pilot randomized
control trial. Sleep Biol Rhythms. 2020 Apr 1; 18(2):101-7.

Pail G, Huf W, Pjrek E, Winkler D, Willeit M, Praschak-Rieder N, et al. Bright-light therapy in the treat-
ment of mood disorders. Neuropsychobiology. 2011; 64(3):152—62. https://doi.org/10.1159/000328950
PMID: 21811085

Terman M, Terman JS. Light therapy for seasonal and nonseasonal depression: efficacy, protocol,
safety, and side effects. CNS Spectr. 2005 Aug; 10(8):647—-63; quiz 672. https://doi.org/10.1017/
$1092852900019611 PMID: 16041296

Gallin PF, Terman M, Remé CE, Rafferty B, Terman JS, Burde RM. Ophthalmologic examination of
patients with seasonal affective disorder, before and after bright light therapy. Am J Ophthalmol. 1995
Feb; 119(2):202—10. https://doi.org/10.1016/s0002-9394(14)73874-7 PMID: 7832227

Bremner JD. Traumatic stress: effects on the brain. Dialogues Clin Neurosci. 2006; 8(4):445-61.
https://doi.org/10.31887/DCNS.2006.8.4/jpbremner PMID: 17290802

LeDoux JE. Emotion circuits in the brain. Annu Rev Neurosci. 2000; 23:155-84. https://doi.org/10.
1146/annurev.neuro.23.1.155 PMID: 10845062

Rauch SL, van der Kolk BA, Fisler RE, Alpert NM, Orr SP, Savage CR, et al. A symptom provocation
study of posttraumatic stress disorder using positron emission tomography and script-driven imagery.
Arch Gen Psychiatry. 1996 May; 53(5):380-7. https://doi.org/10.1001/archpsyc.1996.01830050014003
PMID: 8624181

Shin LM, Orr SP, Carson MA, Rauch SL, Macklin ML, Lasko NB, et al. Regional cerebral blood flow in
the amygdala and medial prefrontal cortex during traumatic imagery in male and female Vietnam

PLOS ONE | https://doi.org/10.1371/journal.pone.0269502  June 8, 2022 13/16


https://doi.org/10.1034/j.1600-0447.2000.101001046.x
http://www.ncbi.nlm.nih.gov/pubmed/10674950
https://doi.org/10.1371/journal.pone.0010574
http://www.ncbi.nlm.nih.gov/pubmed/20485530
https://doi.org/10.1001/archpsyc.62.6.603
http://www.ncbi.nlm.nih.gov/pubmed/15939838
https://doi.org/10.1176/appi.ps.201300176
http://www.ncbi.nlm.nih.gov/pubmed/24430622
https://doi.org/10.1176/appi.ajp.162.2.214
http://www.ncbi.nlm.nih.gov/pubmed/15677582
https://doi.org/10.4088/JCP.12r08225
https://doi.org/10.4088/JCP.12r08225
http://www.ncbi.nlm.nih.gov/pubmed/23842024
http://www.ncbi.nlm.nih.gov/pubmed/19169191
https://doi.org/10.12703/P7-43
http://www.ncbi.nlm.nih.gov/pubmed/26097716
https://doi.org/10.1016/j.cpr.2016.12.001
https://doi.org/10.1016/j.cpr.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/28013081
https://doi.org/10.1038/nrn3743
http://www.ncbi.nlm.nih.gov/pubmed/24917305
https://doi.org/10.1002/da.22897
http://www.ncbi.nlm.nih.gov/pubmed/30995350
https://doi.org/10.1159/000328950
http://www.ncbi.nlm.nih.gov/pubmed/21811085
https://doi.org/10.1017/s1092852900019611
https://doi.org/10.1017/s1092852900019611
http://www.ncbi.nlm.nih.gov/pubmed/16041296
https://doi.org/10.1016/s0002-9394%2814%2973874-7
http://www.ncbi.nlm.nih.gov/pubmed/7832227
https://doi.org/10.31887/DCNS.2006.8.4/jbremner
http://www.ncbi.nlm.nih.gov/pubmed/17290802
https://doi.org/10.1146/annurev.neuro.23.1.155
https://doi.org/10.1146/annurev.neuro.23.1.155
http://www.ncbi.nlm.nih.gov/pubmed/10845062
https://doi.org/10.1001/archpsyc.1996.01830050014003
http://www.ncbi.nlm.nih.gov/pubmed/8624181
https://doi.org/10.1371/journal.pone.0269502

PLOS ONE

Morning light treatment for traumatic stress

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

veterans with PTSD. Arch Gen Psychiatry. 2004 Feb; 61(2):168-76. https://doi.org/10.1001/archpsyc.
61.2.168 PMID: 14757593

Sheline YI, Barch DM, Donnelly JM, Ollinger JM, Snyder AZ, Mintun MA. Increased amygdala response
to masked emotional faces in depressed subjects resolves with antidepressant treatment: an fMRI
study. Biol Psychiatry. 2001 Nov 1; 50(9):651-8. https://doi.org/10.1016/s0006-3223(01)01263-x
PMID: 11704071

Phan KL, Fitzgerald DA, Nathan PJ, Tancer ME. Association between amygdala hyperactivity to harsh
faces and severity of social anxiety in generalized social phobia. Biol Psychiatry. 2006 Mar 1; 59
(5):424-9. https://doi.org/10.1016/j.biopsych.2005.08.012 PMID: 16256956

Rauch SL, Whalen PJ, Shin LM, Mclnerney SC, Macklin ML, Lasko NB, et al. Exaggerated amygdala
response to masked facial stimuli in posttraumatic stress disorder: a functional MRI study. Biol Psychia-
try. 2000 May 1; 47(9):769-76. https://doi.org/10.1016/s0006-3223(00)00828-3 PMID: 10812035

Hayes JP, Hayes SM, Mikedis AM. Quantitative meta-analysis of neural activity in posttraumatic stress
disorder. Biol Mood Anxiety Disord. 2012 May 18; 2:9. https://doi.org/10.1186/2045-5380-2-9 PMID:
22738125

Langevin J-P, De Salles AAF, Kosoyan HP, Krahl SE. Deep brain stimulation of the amygdala alleviates
post-traumatic stress disorder symptoms in a rat model. J Psychiatr Res. 2010 Dec; 44(16):1241-5.
https://doi.org/10.1016/j.jpsychires.2010.04.022 PMID: 20537659

Stidd DA, Vogelsang K, Krahl SE, Langevin J-P, Fellous J-M. Amygdala deep brain stimulation is supe-
rior to paroxetine treatment in a rat model of posttraumatic stress disorder. Brain Stimul. 2013 Nov; 6
(6):837—44. https://doi.org/10.1016/j.brs.2013.05.008 PMID: 23835167

Langevin J-P, Koek RJ, Schwartz HN, Chen JWY, Sultzer DL, Mandelkern MA, et al. Deep Brain Stimu-
lation of the Basolateral Amygdala for Treatment-Refractory Posttraumatic Stress Disorder. Biol Psychi-
atry. 2016 May 15; 79(10):e82—4. https://doi.org/10.1016/j.biopsych.2015.09.003 PMID: 26475671

Felmingham K, Kemp A, Williams L, Das P, Hughes G, Peduto A, et al. Changes in anterior cingulate
and amygdala after cognitive behavior therapy of posttraumatic stress disorder. Psychol Sci. 2007 Feb;
18(2):127-9. https://doi.org/10.1111/j.1467-9280.2007.01860.x PMID: 17425531

Peres JFP, Newberg AB, Mercante JP, Simao M, Albuquerque VE, Peres MJP, et al. Cerebral blood
flow changes during retrieval of traumatic memories before and after psychotherapy: a SPECT study.
Psychol Med. 2007 Oct; 37(10):1481-91. https://doi.org/10.1017/S003329170700997X PMID:
17288648

Zantvoord JB, Diehle J, Lindauer RJL. Using neurobiological measures to predict and assess treatment
outcome of psychotherapy in posttraumatic stress disorder: systematic review. Psychother Psychosom.
2013; 82(3):142-51. https://doi.org/10.1159/000343258 PMID: 23548778

Phan KL, Coccaro EF, Angstadt M, Kreger KJ, Mayberg HS, Liberzon |, et al. Corticolimbic brain reac-
tivity to social signals of threat before and after sertraline treatment in generalized social phobia. Biol
Psychiatry. 2013 Feb 15; 73(4):329-36. https://doi.org/10.1016/j.biopsych.2012.10.003 PMID:
23164370

McGlashan EM, Poudel GR, Jamadar SD, Phillips AJK, Cain SW. Afraid of the dark: Light acutely sup-
presses activity in the human amygdala. PLoS ONE [Internet]. 2021 [cited 2022 Apr 12]; 16(6). Avail-
able from: https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0252350 PMID: 34133439

Fisher PM, Madsen MK, Mc Mahon B, Holst KK, Andersen SB, Laursen HR, et al. Three-week bright-
light intervention has dose-related effects on threat-related corticolimbic reactivity and functional cou-
pling. Biol Psychiatry. 2014 Aug 15; 76(4):332-9. https://doi.org/10.1016/j.biopsych.2013.11.031
PMID: 24439303

Hanauer DA, Mei Q, Law J, Khanna R, Zheng K. Supporting information retrieval from electronic health
records: A report of University of Michigan’s nine-year experience in developing and using the Elec-
tronic Medical Record Search Engine (EMERSE). J Biomed Inform. 2015 Jun; 55:290-300. https://doi.
org/10.1016/j.jbi.2015.05.003 PMID: 25979153

Foa EB, McLean CP, Zang Y, Zhong J, Rauch S, Porter K| et al. Psychometric properties of the Post-
traumatic Stress Disorder Symptom Scale Interview for DSM-5 (PSSI-5). Psychological Assessment.
2016; 28(10):1159-65. https://doi.org/10.1037/pas0000259 PMID: 26691507

Lovibond PF, Lovibond SH. The structure of negative emotional states: Comparison of the Depression
Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety Inventories. Behaviour Research
and Therapy. 1995 Mar 1; 33(3):335—43. https://doi.org/10.1016/0005-7967(94)00075-u PMID:
7726811

First M, Williams J, Karg R, Spitzer RL. Strucutred Clinical Interview for DSM-5-Research Version.
American Psychiatric Association. 2015;

PLOS ONE | https://doi.org/10.1371/journal.pone.0269502  June 8, 2022 14/16


https://doi.org/10.1001/archpsyc.61.2.168
https://doi.org/10.1001/archpsyc.61.2.168
http://www.ncbi.nlm.nih.gov/pubmed/14757593
https://doi.org/10.1016/s0006-3223%2801%2901263-x
http://www.ncbi.nlm.nih.gov/pubmed/11704071
https://doi.org/10.1016/j.biopsych.2005.08.012
http://www.ncbi.nlm.nih.gov/pubmed/16256956
https://doi.org/10.1016/s0006-3223%2800%2900828-3
http://www.ncbi.nlm.nih.gov/pubmed/10812035
https://doi.org/10.1186/2045-5380-2-9
http://www.ncbi.nlm.nih.gov/pubmed/22738125
https://doi.org/10.1016/j.jpsychires.2010.04.022
http://www.ncbi.nlm.nih.gov/pubmed/20537659
https://doi.org/10.1016/j.brs.2013.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23835167
https://doi.org/10.1016/j.biopsych.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/26475671
https://doi.org/10.1111/j.1467-9280.2007.01860.x
http://www.ncbi.nlm.nih.gov/pubmed/17425531
https://doi.org/10.1017/S003329170700997X
http://www.ncbi.nlm.nih.gov/pubmed/17288648
https://doi.org/10.1159/000343258
http://www.ncbi.nlm.nih.gov/pubmed/23548778
https://doi.org/10.1016/j.biopsych.2012.10.003
http://www.ncbi.nlm.nih.gov/pubmed/23164370
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0252350
http://www.ncbi.nlm.nih.gov/pubmed/34133439
https://doi.org/10.1016/j.biopsych.2013.11.031
http://www.ncbi.nlm.nih.gov/pubmed/24439303
https://doi.org/10.1016/j.jbi.2015.05.003
https://doi.org/10.1016/j.jbi.2015.05.003
http://www.ncbi.nlm.nih.gov/pubmed/25979153
https://doi.org/10.1037/pas0000259
http://www.ncbi.nlm.nih.gov/pubmed/26691507
https://doi.org/10.1016/0005-7967%2894%2900075-u
http://www.ncbi.nlm.nih.gov/pubmed/7726811
https://doi.org/10.1371/journal.pone.0269502

PLOS ONE

Morning light treatment for traumatic stress

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

Bernstein DP, Stein JA, Newcomb MD, Walker E, Pogge D, Ahluvalia T, et al. Development and valida-
tion of a brief screening version of the Childhood Trauma Questionnaire. Child Abuse & Neglect. 2003
Feb 1; 27(2):169-90. https://doi.org/10.1016/s0145-2134(02)00541-0 PMID: 12615092

Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al. The Columbia-Suicide
Severity Rating Scale: initial validity and internal consistency findings from three multisite studies with
adolescents and adults. Am J Psychiatry. 2011 Dec; 168(12):1266—77. https://doi.org/10.1176/appi.ajp.
2011.10111704 PMID: 22193671

Gooley JJ, Lu J, Chou TC, Scammell TE, Saper CB. Melanopsin in cells of origin of the retinohypothala-
mic tract. Nat Neurosci. 2001 Dec; 4(12):1165. https://doi.org/10.1038/nn768 PMID: 11713469

Eastman Cl, Young MA, Fogg LF, Liu L, Meaden PM. Bright Light Treatment of Winter Depression: A
Placebo-Controlled Trial. Archives of General Psychiatry. 1998 Oct 1; 55(10):883-9. https://doi.org/10.
1001/archpsyc.55.10.883 PMID: 9783558

Hariri AR, Tessitore A, Mattay VS, Fera F, Weinberger DR. The amygdala response to emotional sti-
muli: a comparison of faces and scenes. Neuroimage. 2002 Sep; 17(1):317-23. https://doi.org/10.
1006/nimg.2002.1179 PMID: 12482086

Rabinak CA, MacNamara A, Kennedy AE, Angstadt M, Stein MB, Liberzon |, et al. Focal and aberrant
prefrontal engagement during emotion regulation in veterans with posttraumatic stress disorder.
Depress Anxiety. 2014 Oct; 31(10):851-61. https://doi.org/10.1002/da.22243 PMID: 24677490

Lang PJ, Bradley MM, Cuthbert BN. International Affective Picture System (IAPS): Technical Manual
and Affective Ratings. Technical Manual and Affective Ratings the University of Florida The Center for
Research in Psychophysiology, Gainesville. 1997.

Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. 1960 Feb; 23:56-62. https://
doi.org/10.1136/jnnp.23.1.56 PMID: 14399272

Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. 1959; 32(1):50-5. https:/
doi.org/10.1111/j.2044-8341.1959.tb00467.x PMID: 13638508

Schnurr P, Vielhauer M, F.W. Weathers, Findler M. Brief Trauma Questionnaire (BTQ). APA Psy-
chTests. 1999;

Weathers FW, Litz BT, Keane TM, Palmieri PA, Marx BP, Schnurr PP. The PTSD Checklist for DSM-5
(PCL-5).2013;

Beck AT, Kovacs M, Weissman A. Assessment of suicidal intention: the Scale for Suicide Ideation. J
Consult Clin Psychol. 1979 Apr; 47(2):343-52. https://doi.org/10.1037//0022-006x.47.2.343 PMID:
469082

Mundt JC, Marks IM, Shear MK, Greist JH. The Work and Social Adjustment Scale: a simple measure
of impairment in functioning. Br J Psychiatry. 2002 May; 180:461—4. https://doi.org/10.1192/bjp.180.5.
461 PMID: 11983645

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep quality index: A new
instrument for psychiatric practice and research. Psychiatry Research. 1989 May 1; 28(2):193-213.
https://doi.org/10.1016/0165-1781(89)90047-4 PMID: 2748771

Horne JA, Ostberg O. A self-assessment questionnaire to determine morningness-eveningness in
human circadian rhythms. Int J Chronobiol. 1976; 4(2):97—110. PMID: 1027738

Bastien CH, Valliéres A, Morin CM. Validation of the Insomnia Severity Index as an outcome measure
for insomnia research. Sleep Med. 2001 Jul; 2(4):297-307. https://doi.org/10.1016/s1389-9457(00)
00065-4 PMID: 11438246

Dauphinais DR, Rosenthal JZ, Terman M, DiFebo HM, Tuggle C, Rosenthal NE. Controlled trial of
safety and efficacy of bright light therapy vs. negative air ions in patients with bipolar depression. Psy-
chiatry Res. 2012 Mar 30; 196(1):57—61. https://doi.org/10.1016/j.psychres.2012.01.015 PMID:
22424890

Rubin DB. Multiple Imputation for Nonresponse in Surveys. John Wiley & Sons; 2004. 326.

Schafer JL, Graham JW. Missing data: our view of the state of the art. Psychol Methods. 2002 Jun; 7
(2):147-77. PMID: 12090408

Hoge CW, Grossman SH, Auchterlonie JL, Riviere LA, Milliken CS, Wilk JE. PTSD treatment for sol-
diers after combat deployment: low utilization of mental health care and reasons for dropout. Psychiatr
Serv. 2014 Aug 1; 65(8):997—1004. https://doi.org/10.1176/appi.ps.201300307 PMID: 24788253

Al-Karawi D, Jubair L. Bright light therapy for nonseasonal depression: Meta-analysis of clinical trials.
Journal of Affective Disorders. 2016 Jul 1; 198:64—71. https://doi.org/10.1016/.jad.2016.03.016 PMID:
27011361

Martensson B, Pettersson A, Berglund L, Ekselius L. Bright white light therapy in depression: A critical
review of the evidence. J Affect Disord. 2015 Aug 15; 182:1-7. https://doi.org/10.1016/.jad.2015.04.
013 PMID: 25942575

PLOS ONE | https://doi.org/10.1371/journal.pone.0269502  June 8, 2022 15/16


https://doi.org/10.1016/s0145-2134%2802%2900541-0
http://www.ncbi.nlm.nih.gov/pubmed/12615092
https://doi.org/10.1176/appi.ajp.2011.10111704
https://doi.org/10.1176/appi.ajp.2011.10111704
http://www.ncbi.nlm.nih.gov/pubmed/22193671
https://doi.org/10.1038/nn768
http://www.ncbi.nlm.nih.gov/pubmed/11713469
https://doi.org/10.1001/archpsyc.55.10.883
https://doi.org/10.1001/archpsyc.55.10.883
http://www.ncbi.nlm.nih.gov/pubmed/9783558
https://doi.org/10.1006/nimg.2002.1179
https://doi.org/10.1006/nimg.2002.1179
http://www.ncbi.nlm.nih.gov/pubmed/12482086
https://doi.org/10.1002/da.22243
http://www.ncbi.nlm.nih.gov/pubmed/24677490
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/10.1136/jnnp.23.1.56
http://www.ncbi.nlm.nih.gov/pubmed/14399272
https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
http://www.ncbi.nlm.nih.gov/pubmed/13638508
https://doi.org/10.1037//0022-006x.47.2.343
http://www.ncbi.nlm.nih.gov/pubmed/469082
https://doi.org/10.1192/bjp.180.5.461
https://doi.org/10.1192/bjp.180.5.461
http://www.ncbi.nlm.nih.gov/pubmed/11983645
https://doi.org/10.1016/0165-1781%2889%2990047-4
http://www.ncbi.nlm.nih.gov/pubmed/2748771
http://www.ncbi.nlm.nih.gov/pubmed/1027738
https://doi.org/10.1016/s1389-9457%2800%2900065-4
https://doi.org/10.1016/s1389-9457%2800%2900065-4
http://www.ncbi.nlm.nih.gov/pubmed/11438246
https://doi.org/10.1016/j.psychres.2012.01.015
http://www.ncbi.nlm.nih.gov/pubmed/22424890
http://www.ncbi.nlm.nih.gov/pubmed/12090408
https://doi.org/10.1176/appi.ps.201300307
http://www.ncbi.nlm.nih.gov/pubmed/24788253
https://doi.org/10.1016/j.jad.2016.03.016
http://www.ncbi.nlm.nih.gov/pubmed/27011361
https://doi.org/10.1016/j.jad.2015.04.013
https://doi.org/10.1016/j.jad.2015.04.013
http://www.ncbi.nlm.nih.gov/pubmed/25942575
https://doi.org/10.1371/journal.pone.0269502

PLOS ONE

Morning light treatment for traumatic stress

63.

64.

65.

66.

67.

Baxendale S, O’Sullivan J, Heaney D. Bright light therapy for symptoms of anxiety and depression in
focal epilepsy: randomised controlled trial. Br J Psychiatry. 2013 May; 202(5):352—6. https://doi.org/10.
1192/bjp.bp.112.122119 PMID: 23520221

Youngstedt SD, Kline CE, Ginsberg JP, Zielinski MR, Hardin JW. Bright light treatment for high-anxious
young adults: a randomized controlled pilot study. Depress Anxiety. 2011 Apr; 28(4):324—32. https://
doi.org/10.1002/da.20784 PMID: 21254315

Youngstedt SD, Kripke DF. Does bright light have an anxiolytic effect?—an open trial. BMC Psychiatry.
2007 Oct 30; 7:62. https://doi.org/10.1186/1471-244X-7-62 PMID: 17971237

Johnstone T, Somerville LH, Alexander AL, Oakes TR, Davidson RJ, Kalin NH, et al. Stability of amyg-
dala BOLD response to fearful faces over multiple scan sessions. Neuroimage. 2005 May 1; 25
(4):1112-23. https://doi.org/10.1016/j.neuroimage.2004.12.016 PMID: 15850729

Manuck SB, Brown SM, Forbes EE, Hariri AR. Temporal stability of individual differences in amygdala
reactivity. Am J Psychiatry. 2007 Oct; 164(10):1613—4. https://doi.org/10.1176/appi.ajp.2007.07040609
PMID: 17898358

PLOS ONE | https://doi.org/10.1371/journal.pone.0269502  June 8, 2022 16/16


https://doi.org/10.1192/bjp.bp.112.122119
https://doi.org/10.1192/bjp.bp.112.122119
http://www.ncbi.nlm.nih.gov/pubmed/23520221
https://doi.org/10.1002/da.20784
https://doi.org/10.1002/da.20784
http://www.ncbi.nlm.nih.gov/pubmed/21254315
https://doi.org/10.1186/1471-244X-7-62
http://www.ncbi.nlm.nih.gov/pubmed/17971237
https://doi.org/10.1016/j.neuroimage.2004.12.016
http://www.ncbi.nlm.nih.gov/pubmed/15850729
https://doi.org/10.1176/appi.ajp.2007.07040609
http://www.ncbi.nlm.nih.gov/pubmed/17898358
https://doi.org/10.1371/journal.pone.0269502

