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Trauma-induced sleep disturbances often persist after suc-

cessful posttraumatic stress disorder (PTSD) treatment.

While integrated protocols combining sleep and

exposure-based treatments may maximize outcomes, prior
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studies are limited and have largely relied on subjective

sleep measures or failed to include long-term follow up

assessments. Active-duty service members with PTSD

(n = 82) were randomly assigned to Compressed Prolonged

Exposure (CPE) treatment or Trauma Management Ther-

apy (TMT), which integrates exposure therapy with sleep

hygiene training and other skills-based interventions. PTSD

symptoms and actigraphy-based sleep were measured at

baseline, posttreatment, 3- and 6-month follow-up and

data were compared between groups and across time. Post-

treatment, both groups showed negligible to small changes

in sleep compared to baseline. However, the TMT group
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evidenced improvements in most sleep parameters by the 3-

and 6-month follow-ups, while sleep health generally wors-

ened in the CPE group over time. Between groups, those

randomized to TMT exhibited better sleep efficiency

(g = 0.24) and onset latency (g = �0.34) at 3-month

follow-up, and better sleep quality (g = 0.70), efficiency

(g = 0.51), and wake after sleep onset (g = �0.52) at 6-

month follow-up. Within both treatment groups, poorer

sleep at the 6-month follow-up was correlated with greater

PTSD symptom severity measured at the same time point.

Integrated treatment for sleep and PTSD produced superior

objective sleep outcomes compared to exposure alone, with

the most meaningful improvements in sleep observed 6

months after treatment completion. Several critical direc-

tions for future studies are discussed.

Keywords: PTSD; sleep; trauma management therapy; com-

pressed PE, military personnel; military trauma

POSTTRAUMATIC STRESS DISORDER (PTSD), a prevalent
and debilitating condition affecting many active-
duty military personnel, involves impairing symp-
toms of hyperarousal, hypervigilance, negative
mood, and avoidance. Sleep disturbances, espe-
cially insomnia and nightmares, are also pervasive
in treatment-seeking samples (Germain, 2013). It
is now understood that disturbed sleep is not
merely a symptom or consequence of PTSD, but
constitutes a predisposing, precipitating, and per-
petuating factor for the disorder (Spoormaker &
Montgomery, 2008). Understanding the relation-
ship between PTSD and sleep disturbances, espe-
cially within the context of treatment, is essential
for the development of more effective treatment
strategies with outcomes that endure over time.

association of sleep and PTSD

symptoms during treatment

While sleep disruption itself is an impairing clini-
cal phenomenon, the presence of sleep distur-
bances in the context of psychiatric disorders can
exacerbate symptoms. Both animal and human
studies suggest poor sleep quality exacerbates
and maintains PTSD symptoms via disruptions to
emotional processing, emotional memory consoli-
dation, and fear extinction (Germain, 2013). In
clinical samples, residual insomnia after PTSD-
focused treatment has been shown to predict
poorer global functioning (Brownlow et al.,
2016). Available research also suggests that dis-
rupted sleep quality may worsen responses to
PTSD treatment. Poor self-reported sleep quality
at pretreatment baseline has been associated with
higher PTSD symptoms during treatment (Sullan
et al., 2021; Taylor et al., 2020). However,
Lommen et al. (2016) only found this relationship
in patients with comorbid depression and PTSD,
and other research has not found any significant
relationships between baseline sleep quality and
treatment outcomes (Sexton et al., 2017). Individ-
uals with persistent sleep difficulties (i.e., self-
reported insomnia that does not improve through
the course of treatment) have also been shown to
have more severe PTSD, anxiety, and depression
symptoms at treatment conclusion and at 6-
month follow-up (Belleville et al., 2011). Finally,
residual self-reported insomnia symptoms after
PTSD treatment have been associated with higher
rates of relapse at 3- and 9-month follow-ups
(Kartal et al., 2021; Lommen et al., 2016).

Overall, ongoing research points to sleep distur-
bance as a transdiagnostic and precipitating risk
factor within PTSD treatment, but more research
is needed. In particular, prior research has primar-
ily relied on subjective sleep report, which can pro-
vide an incomplete or biased characterization of
sleep (Lehrer et al., 2022). Subjective ratings are
influenced by recall and salience heuristics, mood
and symptom severity, and individual differences
in sleep perception, and thus may reflect perceived
sleep disturbance rather than sleep continuity per
se (Arditte Hall et al., 2023; Kobayashi et al.,
2012). Objective assessment (e.g., actigraphy)
complements self-report by providing multi-
night, ecologically valid estimates of sleep timing
and continuity (e.g., total sleep time, sleep onset
latency, wake after sleep onset) that are less depen-
dent on memory and appraisal and can quantify
sleep fragmentation and change over time in ways
that questionnaires may not capture (Lehrer et al.,
2022; Smith et al., 2018).

For behaviorally oriented intervention research,
actigraphy is particularly valuable because it cap-
tures sleep in naturalistic settings across multiple
nights, allowing investigators to quantify modifi-
able behavioral targets (e.g., prolonged sleep
onset, sleep fragmentation) and sensitively track
trajectories of change that may be missed by retro-
spective self-report. This distinction is especially
relevant in PTSD. Specifically, while subjective
report of sleep disruption is considered a hallmark
of PTSD and reliably differentiates between PTSD
and control groups, studies using objective sleep
measures have not always found differences com-
pared to controls (Lewis et al., 2020; Yeh et al.,
2021). Exploration utilizing objective sleep mea-
sures is therefore necessary to more fully under-
stand the relationship between sleep disturbance
and PTSD treatment response.
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impact of PTSD treatment on sleep

disturbances

Evidence-based treatments for PTSD such as pro-
longed exposure (PE) are highly effective in reduc-
ing most symptoms of the disorder but do not
necessarily result in clinically meaningful improve-
ments in sleep (Brownlow et al., 2016; Gutner
et al., 2013; Lancel et al., 2021; Larsen et al.,
2019). While some studies have failed to find dif-
ferences in subjective and objective sleep quality
following PTSD treatment (Haynes et al., 2020;
Taylor et al., 2020), others suggest that PTSD
treatment produces statistically significant but
not clinically meaningful improvements to self-
reported insomnia, nightmares, and sleep quality
(Gutner et al., 2013). Insomnia in particular is
the most common residual symptom following
PTSD treatment (Larsen et al., 2019), with
between 48–67% (Pruiksma et al., 2016; Tanev
et al., 2022; Zayfert & DeViva, 2004) of patients
continuing to report insomnia at clinically signifi-
cant levels following otherwise successful treat-
ment. Whether improvements in sleep that do
occur are maintained over time is also unclear, as
the majority of research studies have not included
long-term follow-up, and those that have show
mixed results. For example, Gutner et al. (2013)
found that treatment-related improvements in
sleep remained at 9-month follow-up (Gutner
et al., 2013), whereas Belleville et al. (2011)
reported that initial improvements in sleep follow-
ing PTSD treatment were followed by significantly
worse sleep by 6-month follow-up (Belleville et al.,
2011). Overall, many patients continue to experi-
ence impairing residual sleep problems, even after
successful PTSD treatment (Belleville et al., 2011;
Pruiksma et al., 2016), which is especially prob-
lematic when considering sleep disturbances’ asso-
ciations with higher PTSD and depression relapse
rates (Kartal et al., 2021). Accordingly, researchers
have emphasized a need for more comprehensive
and/or integrated intervention approaches that
address both daytime and nighttime PTSD symp-
toms (Miller et al., 2020).

treatment targeting PTSD and sleep

disturbance

In light of rates of sleep disturbance in PTSD suf-
ferers, surprisingly few studies have examined
treatments that target both sleep and other core
PTSD symptoms. Among a sample of returning
U.S. veterans and postdeployment personnel with
PTSD, Walters et al. (2020) compared participants
randomized to PE followed by imagery rehearsal
therapy (IRT) for nightmares and cognitive-
behavioral therapy for insomnia (CBT-I), or PE
followed by supportive care. Consistent with prior
studies, PE alone did not produce meaningful
improvements in sleep; however, PE followed by
IRT and CBT-I led to meaningful improvements
in nightmares and subjective insomnia symptoms,
respectively, relative to the supportive care group.
However, objective sleep measurement based on
actigraphy did not reveal significant improvements
at posttreatment in the IRT and CBT-I group. In
another study where cognitive processing therapy
(CPT) for PTSD was either implemented alone or
preceded or followed with a combination of
CBT-I and IRT, both combined treatments
resulted in significant improvement in subjectively
reported sleep disruption compared to CPT alone
(Taylor et al. (2023). Unfortunately, however,
objective sleep outcomes were not assessed.

Colvonen and colleagues (2019) conducted a
pilot study examining an integrated treatment
including PE and CBT-I in a sample of veterans
diagnosed with insomnia and PTSD. The 15-
week protocol included overlapping treatments
until Week 6, at which point CBT-I components
ended and the remaining protocol focused solely
on imaginal and in-vivo exposures. Integrated
treatment resulted in clinically meaningful
improvements in both PTSD and insomnia, includ-
ing increases in sleep efficiency and total sleep time
based on both sleep diaries and actigraphy. Based
on these pilot data, the authors suggest that inte-
grated sleep and PTSD treatments may provide
an optimal method for augmenting existing treat-
ments for PTSD, though more research is ulti-
mately needed (Colvonen et al., 2019).

present study

To address existing gaps in knowledge, we exam-
ined whether two evidence-based PTSD interven-
tions produced sleep-related improvements
among military personnel. Trauma management
therapy (TMT), a 3-week intensive intervention
incorporating exposure therapy, sleep hygiene
training, anger management, brief behavioral acti-
vation for depression, and social reintegration
(Beidel et al., 2019), was compared to compressed
prolonged exposure (CPE), which included 2
weeks of daily PE sessions with the same home-
work format as typical PE (Foa et al., 2018).
Our first aim was to estimate the degree to which
TMT and/or CPE impacted sleep problems in
those with PTSD based on 1 week of actigraphy
at various timepoints. Specifically, we examined
both within- and between-group changes in sleep
quality, duration, efficiency, onset latency, and
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wake after sleep onset from pre- to posttreatment,
3-month follow-up, and 6-month follow-up.
Within the TMT group, which included sleep
hygiene training, we expected to observe small-
to moderate-size improvements in sleep, whereas
no changes in sleep were anticipated in those trea-
ted with CPE.

Our second aim was to evaluate relationships
between sleep outcomes and PTSD symptoms at
each time point in both treatment groups. We
hypothesized that for both the TMT and CPE
groups, improvements in sleep would be associ-
ated with reductions in other PTSD symptoms.
Given the inclusion of a sleep-related component
in TMT, we also expected to observe stronger
associations between sleep and PTSD symptoms
in the TMT compared to the CPE group.

Methods

participants and procedures

Data used in this study were part of a multicenter
randomized controlled trial comparing TMT and
CPE using a parallel group design. Inclusion crite-
ria involved being an active-duty military person-
nel seeking treatment for PTSD, receiving a
PTSD diagnosis using the Clinician-Administered
PTSD Scale for DSM-5 (CAPS-5), being able to
fluently write and read in English and participate
in the treatment, and taking a stable dosage of
medication (i.e., no changes in psychiatric medica-
tion dosage, if applicable, during the 2–3 weeks of
active treatment). Exclusion criteria included hav-
ing a severe comorbid substance use disorder (un-
less use was under control for at least 2 weeks, as
indicated by Alcohol Use Disorders Identification
Test [AUDIT; Saunders et al., 1993] scores show-
ing no problematic drinking), a diagnosis of
schizophrenia, other psychotic disorder, or antiso-
cial personality disorder, a diagnosis of moderate
to severe traumatic brain injury, or being on ben-
zodiazepines and not wishing to discontinue use.
Participants who were pregnant or had acute car-
diac difficulties (i.e., angina, myocardial infarc-
tion, or severe hypertension) required medical
clearance to participate.

A total of 116 eligible participants based on the
inclusion and exclusion criteria were recruited at
three military installations: Naval Medical Center
Portsmouth, Naval Medical Center Camp Lejuene,
and Dwight D. Eisenhower Army Medical Center.
Participants were referred to the treatment study
from mental health clinics at each military installa-
tion during 2018–2024. Of those enrolled in the
study, 22 participants decided not to start treat-
ment after randomization (i.e., no baseline assess-
ments were completed and no actigraphy data
were collected; CPE: n = 8; TMT: n = 14), result-
ing in 94 participants with baseline data who initi-
ated treatment (CPE: n = 54; TMT: n = 40; see
Figure 1 for full CONSORT diagram). Reasons
for dropout included inability to adhere to the
treatment protocol, reassignment to another duty
station, or no reason given. Since the primary out-
comes in the current study were based on actigra-
phy and at least 5 nights of actigraphy data are
required for reliable sleep assessment (Aili et al.,
2017), 12 participants were removed from the
sample due to inadequate actigraphy data (<5
nights; CPE: n = 7; TMT: n = 5), resulting in a final
sample size of n = 82.

Participants were randomly assigned to either
TMT or CPE using a stratified permuted block
method. Block size was varied (but with a mini-
mum of 4 participants) to minimize the likelihood
that the blind would be broken prior to the start of
treatment. A minimum of 4 was needed to ensure a
sufficient number of participants for the group
component of TMT. Randomization was stratified
by clinical site and carried out using a web-based
system developed by the project biostatistician.

To address comparability in treatment dose, the
protocols were designed to be equivalent in total
therapeutic time, including both in-clinic contact
and between-session homework. Homework
adherence was monitored daily in individual
(and, for TMT, group) sessions. Completion of
less than 75% of assigned homework was defined
a priori as protocol noncompliance and would
have triggered removal from the treatment pro-
gram; no participants were removed for home-
work noncompliance. Those assigned to the
TMT group underwent a 3-week intensive outpa-
tient treatment which consisted of daily exposure
therapy (augmented with virtual reality) and daily
group treatment including sleep hygiene training,
anger management, brief behavioral activation
for depression, and social reintegration (see
Beidel et al., 2019; Beidel et al., 2017, for a
detailed description of TMT). The original TMT
program did not include a sleep-specific interven-
tion. However, findings from Beidel et al. (2019)
indicated that sleep remained largely unchanged
and continued to be problematic following both
TMT and exposure therapy alone. Given the 3-
week treatment window and the ability to devote
only two sessions to sleep, we consulted with the
fifth author (a diplomate in behavioral sleep med-
icine) to incorporate brief, feasible strategies that
could be implemented effectively within this time-
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frame. Those assigned to the CPE group partici-
pated in 2 weeks of daily PE sessions using the
same homework that is used in typical PE sessions
(see Foa et al., 2018, for a detailed description of
CPE).

measures

Assessment of Posttraumatic Stress Disorder
PTSD diagnosis and symptom severity were
assessed by both the self-administered PTSD
Checklist for DSM-5 (PCL-5; Blevins et al.,
2015) and by trained clinicians using the Clinician
Administered PTSD Scale for DSM-5 (CAPS-5;
Weathers et al., 2018). PCL-5 is a 20-item self-
reported checklist utilizing a 5-point Likert scale.
Two items on the scale designed to assess sleep
were excluded from the total score for the current
study; this approach has been used previously in
PTSD–sleep research and sensitivity analyses
(Colvonen et al., 2019). The PCL-5 has good
test-retest reliability, convergent validity, divergent
reliability, and internal consistency (Cronbach’s
a = .94; Morrison et al., 2021). In our sample,
both the full scale (a = .81) and the version exclud-
ing sleep items (a = .80) showed good internal
consistency, with the latter used for all analyses
to control for confounding relationships. The
CAPS-5 is a 30-item semistructured interview
and is considered the gold standard in PTSD
assessment. The CAPS-5 assesses the frequency
and intensity of each symptom of PTSD and pro-
vides a composite rating for each item. Clinicians
on site conducted the CAPS-5 interview with par-
ticipants at each assessment point. A recent study
examining the use of the CAPS-5 in military veter-
ans found high interrater reliability for both PTSD
diagnosis (j = .78 to 1.00) and total severity score
(ICC = .91), good test-retest reliability for both
PTSD diagnostic status (j = .83) and severity score
(ICC = .78), and good internal consistency for the
severity items (a = .88; Weathers et al., 2017).

Assessment of Sleep
Sleep was assessed using ReadiBand 4TM actigraphs
(Fatigue Science), which have been shown to have
high sensitivity and medium specificity in detection
of sleep when compared to polysomnography
(Chinoy et al., 2021). Participants wore the acti-
graphs for 1 week prior to the beginning of treat-
ment (pretreatment), every day during active
treatment, immediately after treatment (posttreat-
ment), and for 1 week prior to the 3- and 6-
month follow-up assessments. ReadiBand actigra-
phy was used to generate five sleep metrics: total
sleep time (TST), sleep efficiency (SE), sleep onset
latency (SOL), wake after sleep onset (WASO),
and sleep quality (SQ). Actigraphy provides an
objective estimate of sleep–wake patterns using
the presence/absence of wrist movement and a pro-
prietary scoring algorithm.

TST reflects sleep quantity and was determined
using the average total number of hours spent
asleep over the last 7 days. SE reflects the consoli-
dation of sleep while in bed and was calculated
using total time spent asleep (from sleep onset to
final wake time) as the numerator and total time
spent in bed (from attempting to sleep until wake-
fulness) as the denominator (i.e., higher SE indi-
cates more continuous sleep and less time awake
in bed). SOL reflects difficulty initiating sleep and
was quantified using the average time it takes to
transition from wakefulness to sleep at night
(longer SOL indicates taking longer to fall asleep).
WASO reflects sleep fragmentation/maintenance
difficulty and was estimated as the average awake
minutes between sleep onset and wake time
(higher WASO indicates more disrupted sleep).

SQ ratings (1–10) provide an overall summary
of sleep continuity. In ReadiBand scoring, SQ is
a vendor-derived index based primarily on
actigraphy-estimated awakenings per hour and
WASO, such that fewer awakenings and less time
awake yield higher scores. The platform converts
these indices to the 1–10 scale using a proprietary,
norm-referenced algorithm; vendor documenta-
tion provides normative anchors for the inputs
(e.g., awakenings/hour: good < 0.37, ok 0.38–
0.67, poor > 0.68; WASO: normal < 20 min, ok
21–40 min, poor > 41 min). Because SQ is a
vendor-derived composite that incorporates
WASO (and awakenings per hour), we expected
SQ to correlate with WASO; however, SQ is not
redundant with WASO because it also reflects
sleep fragmentation (awakenings/hour) and uses
a proprietary norm-referenced transformation
rather than raw minutes. In the current study,
SQ scores of 8 or higher were categorized as good,
whereas scores of 5 or lower indicated poor sleep
quality.

interventions

Trauma Management Therapy (TMT)
TMT is a multicomponent behavioral treatment
combining both individual and small group (typi-
cally four patients) sessions with a total of 29 ses-
sions in the span of 3 weeks (Beidel et al., 2019;
Beidel et al., 2017). Individual sessions are com-
prised of 1 psychoeducation and 14 imaginal
exposure therapy sessions. These sessions incorpo-
rated the VR system known as Bravemind (USC
Institute for Creative Technologies, 2005), which
allows the therapist to design a VR scenario that
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matches the patient’s Criterion A traumatic event,
including selecting the relevant sights, sounds, and
smells that trigger their distress. Group sessions
are composed of 14 sessions led by two therapists
with a focus on the social and emotional rehabili-
tation component of the treatment, including
social reintegration, anger management, sleep
hygiene training, and behavioral activation.

Within the group program, two sessions are
dedicated specifically to sleep (Beidel et al.,
2017). The first sleep session provides psychoedu-
cation focused on identifying current sleep habits
and sleep-related difficulties; circadian rhythm
and environmental/behavioral cues that can facili-
tate or interfere with sleep; calculating sleep effi-
ciency; and behavioral sleep strategies consistent
with stimulus control (i.e., “dos and don’ts” for
strengthening the bed–sleep association). Partici-
pants were instructed to track sleep using daily
sleep logs until the subsequent session. In the sec-
ond sleep session (Week 2), therapists reviewed
sleep logs with participants, reinforced adherence
and improvements, and problem-solved barriers
to implementing sleep strategies. Participants were
also introduced to relaxation skills (e.g., deep
breathing and progressive muscle relaxation) for
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difficulty initiating sleep or repeated nighttime
awakenings and were provided handouts for home
practice. Finally, based on weekly sleep efficiency
derived from logs, therapists implemented brief,
goal-directed adjustments to time in bed (TIB):
TIB was reduced by 15 minutes when sleep effi-
ciency was <80%, and increased by 15 minutes
when sleep efficiency was >85% in the context of
continued daytime sleepiness. Homework is
assigned at the end of individual and group ses-
sions and is an integral part of the treatment.

CPE
CPE consisted of 10 individual imaginal therapy
sessions conducted according to the traditional
PE protocol (Foa et al., 2018). Sessions were con-
ducted 5 days a week for 2 weeks. The sessions
were recorded, and patients were instructed to lis-
ten to recordings at least once per day at home.
CPE also included the same homework format as
typical PE (Foa et al., 2018). Therefore, although
the TMT group was 3 weeks in length and CPE
was 2 weeks, CPE requirement to repeat the expo-
sure therapy in the afternoon resulted in equivalent
treatment times for the two groups.

intent-to-treat analyses and

strategy

All intent-to-treat analyses were conducted using
R (R Core Team, 2023) and RStudio software
(Posit Team, 2023). Sample characteristics by
treatment group and time point are included in
Table 1. Demographic and clinical variables were
compared and there were no differences between
groups. Missing data summaries for continuous
and categorical variables were then generated
using the finalfit package (Harrison et al., 2024).
Continuous variables were summarized by mean,
standard deviation, quartiles, and range, while cat-
egorical variables were summarized by missing
count, percentage, and level distributions. All
available data were included for randomized par-
ticipants who completed baseline procedures,
including those who later discontinued follow-
up. Participants who were randomized but never
started treatment did not complete baseline assess-
ments (and therefore did not provide baseline
actigraphy data) and could not be included in
actigraphy-based analyses.

Missing data patterns for all sleep variables by
time point and treatment group were visualized
using the naniar package (Tierney & Cook,
2023), revealing <10% missing data at posttreat-
ment, �35% at 3 months follow-up, and 50% at
6 months follow-up. Our analysis was conducted
under the Missing at Random (MAR) assumption.
Missing data were then handled using multiple
imputation with the mice package (Buuren &
Groothuis-Oudshoorn, 2011), following guideli-
nes by He (2010). The following variables were
entered into the model: age, treatment arm (e.g.,
TMT or CPE), race, sex, trauma type (e.g., mili-
tary sexual trauma, combat, or other), all sleep
outcomes (at each timepoint), and PCL-5 scores
(excluding sleep questions; at each timepoint).
We used predictive mean matching for continuous
variables, logistic regression for binary variables,
and proportional odds logistic regression for ordi-
nal variables, generating 5 imputations with a
maximum of 50 iterations each.

Both within-condition (Cohen’s d) and
between-condition (Hedges’s g) effect sizes, along
with 95% confidence intervals (CIs), were calcu-
lated to quantify the magnitude of changes within
each condition across time (pre-, post-, 3-month,
and 6-month follow-ups) and to evaluate differ-
ences between TMT and CPE. Consistent with rec-
ommendations for interpreting intervention effects
(Cumming, 2014; Wasserstein & Lazar, 2016), we
focused on effect sizes rather than p-values. Effect
sizes meeting or exceeding 0.20 were reported,
highlighting clinically meaningful findings, partic-
ularly relevant for sleep interventions where small
effects can still signal valuable clinical benefits.

Results

within-group changes in sleep

Means and standard deviations by time point and
treatment group are reported in Table 2. Within
the TMT group, TST did not change meaningfully
at posttreatment (d = 0.13) or 6 months (d = 0.11)
but did increase slightly at 3 months (d = 0.30).
Although changes in sleep efficiency (SE) were neg-
ligible from pre- to posttreatment (d = �0.13), we
observed small increases at 3 (d = �0.27) and 6
months (d = �0.36). Similarly, examination of
SOL showed negligible changes at all time points
(d < 0.20). In contrast, a small decrease in WASO
was observed from pre- to posttreatment
(d = 0.48), with a moderate decrease at 3
(d = 0.65) and 6 months (d = 0.76). Sleep quality
showed meaningful improvements at all time
points (d = �0.25 at posttreatment, �0.43 at 3
months, �0.77 at 6 months). Within-group
changes across time are reported in Table 3 and
illustrated in Figure 2.

Within the CPE group, TST decreased meaning-
fully from pre- to posttreatment (d = 0.42), with
small but meaningful reductions at the 3-
(d = 0.23) and 6-month (d = 0.30) follow-ups. Sim-
ilarly, SE remained relatively unchanged at post-
treatment (d = 0.05) but showed small to
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medium reductions after both 3 (d = 0.39) and 6
months (d = 0.54). SOL did not change meaning-
fully from pre- to posttreatment (d = �0.12), but
showed small, meaningful increases at the 3-
(d = �0.31) and 6-month follow-ups (d = �0.34).
WASO decreased at posttreatment (d = 0.22) but
showed negligible changes afterwards (3 months:
d = 0.16; 6 months: d = �0.19). Finally, SQ
showed no meaningful change from pre- to post-
treatment (d = �0.14) but demonstrated small to
moderate decreases by the 3-month (d = 0.20)
and 6-month (d = 0.40) follow-ups.

between-group changes in sleep

Comparison of changes in sleep between the
groups (Table 4) indicated that TST remained sim-
ilar between groups at posttreatment (g = 0.04)
and 6 months (g = �0.06), though at 3 months,
CPE participants slept longer than those in the
TMT group (g = �0.31). CPE participants initially
exhibited slightly higher SE (g = �0.23), but by 3
months, TMT participants showed a small
improvement (g = 0.24), followed by a moderate
improvement at 6 months (g = 0.51). SOL showed
nonmeaningful differences between groups at
posttreatment (g = �0.04) or 6 months
(g = �0.12), but at 3 months, TMT participants
fell asleep more quickly than CPE participants
(g = �0.34). Differences in WASO indicated that
TMT participants initially experienced slightly
more WASO than CPE participants (g = 0.17),
but by 6 months, the TMT group had moderately
Table 1
Demographics.

CPE

(n = 47)

Age

Mean (SD) 33.3 (7.44)

Median [Min, Max] 36.0 [20.0,

Sex

Female 18 (38.3%)

Male 29 (61.7%)

Race

White 19 (40.4%)

Black or African American 15 (31.9%)

Hispanic or Latino 5 (10.6%)

Asian 3 (6.4%)

American Indian or Alaska Native 2 (4.3%)

Native Hawaiian or Other Pacific Islander 0 (0%)

Other 3 (6.4%)

Trauma Type

Combat 25 (53.2%)

MST 13 (27.7%)

Other 9 (19.1%)

Note. TMT = Trauma Management Therapy; CPE = Compressed Prolo
lower WASO than the CPE group (g = �0.52),
with a negligible difference at 3 months
(g = �0.03). SQ was slightly higher in the CPE
group than in the TMT group (g = �0.35) at post-
treatment; however, by the 3-month follow-up, the
group difference shifted in favor of TMT
(g = 0.19), and by 6-month follow-up, the TMT
group demonstrated comparative moderate
improvement in SQ (g = 0.70).
sleep and PTSD symptom correlations

Analytic Strategy
To examine the relationships between sleep
changes and PTSD symptoms over time, we con-
ducted correlation analyses (see Table 1 in supple-
mentary material for all comparisons) for sleep
and PTSD symptom scores at posttreatment, 3
months, and 6 months. For each sleep variable at
each time point, we calculated the mean score
and assessed its correlation with PTSD symptoms,
as measured by PCL-5 scores, at the same time
point. Our focus was on the direction and magni-
tude of correlations, emphasizing effect sizes of
0.10 or greater to interpret practical associations
rather than statistical significance.

Correlations Between Sleep Variables and PCL-5
Scores
TMT group. In the TMT group, TST showed no
association with PTSD symptoms at posttreatment
(r = �0.00) but had a small negative correlation at
3 months (r = �0.26), which shifted to a small pos-
TMT

(n = 35)

Overall

(n = 82)

35.0 (9.58) 34.0 (8.40)

44.0] 38.0 [20.0, 52.0] 36.5 [20.0, 52.0]

11 (31.4%) 29 (35.4%)

24 (68.6%) 53 (64.6%)

14 (40.0%) 33 (40.2%)

9 (25.7%) 24 (29.3%)

8 (22.9%) 13 (15.9%)

2 (5.7%) 5 (6.1%)

1 (2.9%) 3 (3.7%)

0 (0%) 0 (0%)

1 (2.9%) 4 (4.9%)

23 (65.7%) 48 (58.5%)

10 (28.6%) 23 (28.0%)

2 (5.7%) 11 (13.4%)

nged Exposure; MST = Military Sexual Trauma.
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itive correlation at 6 months (r = 0.21), suggesting
that longer sleep duration was linked to greater
PTSD symptoms at this later time point. SE
showed a small negative correlation across all time
points, with a small negative correlation at post-
treatment (r = �0.15), a slightly stronger associa-
tion at 3 months (r = �0.28), and a small
negative correlation at 6 months (r = �0.13), indi-
cating that greater efficiency was modestly linked
to lower PTSD symptoms. SOL exhibited a small
positive correlation with PTSD symptoms at post-
treatment (r = 0.27), indicating that taking longer
to fall asleep was associated with more severe
PTSD symptoms. However, this association
became nonmeaningful 3 (r = �0.03) and 6
months (r = �0.09) later. WASO showed a small
positive correlation at posttreatment (r = 0.10),
became nonmeaningful at 3 months (r = 0.02),
and increased slightly at 6 months (r = 0.15), sug-
gesting that greater nighttime wakefulness was
modestly associated with higher PTSD symptoms
over time. Finally, SQ was initially unrelated to
PTSD symptoms at posttreatment (r = 0.03) but
showed a small negative correlation at 3 months
(r = �0.08) and a moderate negative correlation
at 6 months (r = �0.31), suggesting that as sleep
quality improved, PTSD symptoms decreased over
time.

CPE Group. In the CPE group, correlations
between sleep variables and PTSD symptoms were
generally weak across time points (see Table 2 in
supplementary material for all comparisons).
TST demonstrated a small positive correlation
with PTSD symptoms at posttreatment (r = 0.18)
and 3 months (r = 0.17), which slightly decreased
at 6 months (r = 0.12), suggesting that longer sleep
duration was weakly linked to higher PTSD symp-
toms across time points. SE showed a nonmean-
ingful correlation at posttreatment (r = 0.06) and
3 months (r = 0.07), and a small negative correla-
tion at 6 months (r = �0.16), indicating a weak
and somewhat inconsistent relationship over time.
SOL remained largely unrelated to PTSD symp-
toms, with nonmeaningful to small correlations
at posttreatment (r = 0.02), 3 months (r = �0.02),
and 6 months (r = 0.12). WASO showed no associ-
ation with PTSD symptoms at posttreatment
(r = �0.05) or 3 months (r = �0.09), but by 6
months, a small positive correlation emerged
(r = 0.17), indicating greater nighttime wakeful-
ness to be modestly associated with increased
PTSD symptoms at the final follow-up. Finally,
SQ showed no meaningful association with PTSD
symptoms at posttreatment (r = �0.01) but
demonstrated a small positive correlation at 3
months (r = 0.11), suggesting that higher sleep
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quality was slightly linked to increased PTSD
symptoms. At 6 months however, this relationship
reversed, with a small negative correlation
(r = �0.22), indicating that poorer sleep quality
was weakly associated with greater PTSD symp-
toms over time.

Discussion
Despite available pilot data and suggestions that
integrated treatments targeting PTSD and sleep
disturbance may produce optimal outcomes
(Colvonen et al., 2019; Miller et al., 2020), treat-
ment studies examining such protocols are gener-
ally lacking. The current study sought to begin to
fill this gap by directly comparing an evidence-
based PTSD intervention that also includes a focus
on improving sleep (TMT) to an evidence-based
PTSD intervention without a sleep component
(CPE). We collected 1 week of actigraphy data at
four timepoints, including two follow-up assess-
ments, to also examine potential changes in sleep
over time.

Within the TMT group, participants showed
continual, meaningful improvements from post-
treatment to 6-month follow-up in three out of five
objective sleep outcomes including increased SQ
and SE and reduced WASO. Changes in SOL
and TST within the TMT group were more vari-
able. SOL showed minor decreases initially but
worsened at the 6-month follow-up assessment,
whereas TST decreased from pretreatment
through the 3-month follow-up before rebounding
to near-baseline levels at the 6-month follow-up.
In contrast, in the CPE group, all five sleep param-
eters assessed were worse at the 6-month follow up
assessment compared to pretreatment levels. In
fact, small initial improvements in SQ and WASO
at posttreatment were followed by a continual
worsening of these sleep variables at the 3- and
6-month assessments compared to even baseline
levels. CPE participants also showed a progressive
decline in SE and prolonged SOL through the
follow-up period. Similarly, TST declined and
never recovered to baseline levels in the CPE
group. Therefore, consistent with conclusions
from prior studies, PTSD-focused treatment alone
does not appear to produce meaningful improve-
ments in sleep either acutely or over time
(Gutner et al., 2013; Larsen et al., 2019).

Between-condition comparisons further under-
score the differential effects of these interventions
on sleep. At posttreatment, CPE participants
reported slightly better SQ and SE than TMT par-
ticipants; however, this pattern reversed at both
follow-up assessments based on moderate effects
sizes. Notably, TST declined in both groups at



Table 4
Between-Condition Effect Sizes (Hedges’s g) and Confidence Intervals for TMT and CPE

Posttreatment 3-Month 6-Month

Outcome g LL UL g LL UL g LL UL

SQ �0.35 �0.79 0.09 0.19 �0.25 0.63 0.70 0.25 1.15

SE (%) �0.23 �0.66 0.21 0.24 �0.20 0.68 0.51 0.07 0.95

TST (min) 0.04 �0.40 0.47 �0.31 �0.75 0.13 �0.06 �0.50 0.38

SOL (min) �0.04 �0.48 0.39 �0.34 �0.78 0.10 �0.12 �0.56 0.32

WASO (min) 0.17 �0.26 0.61 �0.03 �0.46 0.41 �0.52 �0.97 �0.08

Note. Effect sizes equal to or greater than .20 are highlighted in bold; SQ = sleep quality; SE = sleep efficiency; TST = total sleep time;

SOL = sleep onset latency; WASO = wake after sleep onset. Negative effect size indicate larger values for the CPE group.

FIGURE 2 Changes in outcomes over time by treatment group. Note. Within-group meaningful difference (d � .20) from the pre-
timepoint score is marked with an asterisk.
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posttreatment, but only the TMT group demon-
strated a rebound to baseline levels after an initial
decline. Differences in WASO and SOL similarly
favored TMT by the end of the study. Importantly,
as reported in Beidel et al. (2025), both treatments
produced significant reductions in PTSD symp-
toms; however, only TMT, an integrated interven-
tion targeting both PTSD and sleep, produced
lasting improvements in a majority of objective
sleep parameters. These findings converge with
growing recognition that sleep disturbances are
not merely secondary symptoms of PTSD but inte-
gral to the disorder’s maintenance and treatment
response (Spoormaker & Montgomery, 2008).

Whereas several prior studies among military
populations have failed to document improve-
ments in actigraphy-based sleep outcomes follow-
ing treatment for PTSD (Haynes et al., 2020;
Walters et al., 2020), we are aware of only one
other study to examine changes in actigraphy-
derived sleep variables following an integrated
treatment for PTSD and sleep disturbance. In a
smaller pilot study, Colvonen et al. (2019) found
meaningful improvements in objective sleep pat-
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terns among veterans following combined PE and
CBT-I treatment, including increases in SE and
TST based on large effect sizes. The fact that we
observed greater sleep consolidation (i.e., improve-
ments in SE and WASO) but not longer sleep dura-
tion in our TMT sample at posttreatment and
follow-up may indicate a need to more compre-
hensively address insomnia in PTSD patients using
gold-standard treatments (i.e., CBT-I).

Consistent with clinical practice guidelines,
sleep hygiene alone is not recommended as a
stand-alone treatment for insomnia, and thus large
reductions in insomnia severity would not neces-
sarily be expected from brief sleep hygiene educa-
tion. However, the sleep component in TMT
extends beyond sleep hygiene education and
includes stimulus-control–consistent strategies,
sleep self-monitoring with time-in-bed adjustments
based on sleep efficiency, and relaxation skills,
delivered within a structured, intensive program
with daily therapist review and reinforcement.
This treatment model is consistent with our find-
ings, including stronger changes in consolidation
indices (SE/WASO) than sleep duration. Indeed,
this treatment model may be sufficient to improve
sleep consolidation for some patients, but a subset
may require a more comprehensive insomnia inter-
vention (e.g., a full CBT-I protocol) or stepped-
care augmentation when clinically significant
insomnia persists. Notably, even at 6-month
follow-up, mean SE remained below commonly
used clinical benchmarks (e.g., <85%) in both
groups (TMT = 82.88%; CPE = 79.76%), and
mean SOL and WASO remained at or above
�30 minutes (SOL: TMT = 32.84 min;
CPE = 36.34 min; WASO: TMT = 33.22 min;
CPE = 47.36 min; Table 2), supporting the inter-
pretation that additional or more intensive
insomnia-focused intervention may be required
to move a subset of participants into nonclinical
ranges. Although we did not examine reports of
insomnia symptoms in our study, subjective
reports of insomnia severity decreased in the study
by Colvonen and colleagues based on large effect
sizes. Overall, these collective results support the
use of integrated treatment protocols to compre-
hensively target the impairing constellation of
symptoms present among those with PTSD.

Our findings also suggest that meaningful
improvements in sleep are not necessarily linear
during or following treatment and may require
more time to become established among PTSD
patients. For example, TMT participants did not
exhibit meaningful improvements in SOL until
the 6-month follow-up assessment. TST also
decreased from pretreatment through the 3-
month follow-up before rebounding to near-
baseline levels at the 6-month follow-up. The fact
that challenging exposure sessions overlapped
with sleep hygiene training from the outset of
TMT may be relevant for understanding the
course of these sleep changes. Comparatively, the
integrated treatment used by Colvonen et al.
(2019) completed six CBT-I sessions prior to
beginning exposures (also in-vivo and imaginal),
which might have contributed to large improve-
ments in TST. Accordingly, there is need not only
for research utilizing integrated treatments for
PTSD and sleep disturbance, but for attention to
the optimal sequencing and timing of specific
intervention components.

Although we observed improvements in several
objective sleep indices at follow-up, the practical
relevance of these changes is more difficult to
determine without patient-reported sleep out-
comes (e.g., insomnia severity, overall sleep satis-
faction, daytime sleepiness) and functional
measures. Future studies should include both
actigraphy and daily diaries to evaluate perceived
sleep improvement and to benchmark change
against established clinical thresholds (e.g., insom-
nia severity or patient-reported meaningful
change), thereby facilitating comparison with
CBT-I and other insomnia-focused interventions.

Correlation analyses further underscore rela-
tionships between sleep and PTSD symptom sever-
ity following treatment and over time. In both
groups, PTSD symptoms show similar associations
with sleep variables, including negative correla-
tions with SE, SQ, and WASO, and positive corre-
lations with TST and SOL. These findings align
with existing research demonstrating disrupted
sleep serves as both a consequence and a perpetu-
ating factor of PTSD (Germain, 2013), and that
persistent sleep disturbances following PTSD treat-
ment predict poorer functioning and higher relapse
rates (Belleville et al., 2011; Kartal et al., 2021).

The present study extends prior research in mul-
tiple ways, including examining the impact of two
evidence-based PTSD interventions, including an
integrated treatment targeting sleep, on
actigraphy-based sleep outcomes both immedi-
ately after treatment and over time. Despite the
strengths of this study, several limitations should
be noted. First, while actigraphy provides valuable
insights into day-to-day sleep patterns, it is not a
direct measure of sleep and has been shown to
overestimate TST and underestimate SOL and
WASO (Conley et al., 2019) compared to
polysomnography (PSG), the gold standard for



s l e ep and pt sd in serv i c e members 13
sleep assessment. Likewise, comparing subjective
sleep reports with actigraphy would have been
informative for understanding whether objective
sleep patterns align with perceptions of sleep.
Relatedly, we did not collect subjective sleep out-
comes (e.g., daily sleep diaries or standardized
insomnia measures) alongside actigraphy data,
which limits comparability with insomnia-
focused intervention trials where self-report diaries
are a core outcome and provide clinically inter-
pretable indices of perceived sleep and insomnia
severity. Absence of subjective sleep data also pre-
cludes evaluating whether observed actigraphy
changes corresponded to participant perceived
sleep improvement or daytime functioning. This
will be an important focus for future studies.

Second, TMT includes a daily small-group
milieu component (e.g., social reintegration, anger
management, behavioral activation) that is not
matched in CPE. Group-based treatment may con-
fer nonspecific benefits (e.g., social support,
accountability, and increased engagement) that
could contribute to downstream outcomes, includ-
ing sleep. However, the clearest between-group
differences emerged on sleep parameters that were
directly targeted in TMT’s sleep modules, whereas
CPE does not include sleep-focused skills; thus, we
interpret the sleep-specific content as the most par-
simonious explanation for the observed sleep
effects while acknowledging that nonspecific
group effects cannot be fully disentangled in the
present design. Future trials could incorporate
attention-matched controls or dismantling designs
to isolate the unique contribution of sleep-focused
components versus group milieu. Additionally,
some exclusion criteria (e.g., severe comorbid sub-
stance use disorders and moderate-to-severe trau-
matic brain injury) may limit the generalizability
of findings to broader military populations. We
did not control for the use of various medications
in our study, which could have influenced both
sleep and PTSD outcomes. Similarly, we did not
assess for obstructive sleep apnea; however, no
participant reported sleep disordered breathing as
a concern. Lastly, common to most PTSD treat-
ment studies, attrition rates at the 6-month
follow-up were substantial, potentially impacting
the robustness of long-term findings.

In summary, TMT, which includes a sleep
hygiene training component, produced superior
objective sleep outcomes compared to treatment
with PE alone. Findings align with limited prior
work demonstrating integrating interventions for
PTSD and sleep disturbances result in more mean-
ingful improvements in sleep than PTSD-focused
treatment alone (Taylor et al., 2023; Walters
et al., 2020). However, changes in sleep patterns
are not necessarily linear and detectable improve-
ments in sleep may require time to become estab-
lished after treatment, necessitating more follow-
up studies. Other pivotal questions raised by these
data relate to adequate “dosing” of sleep interven-
tions for optimal sleep outcomes as well as the
ideal sequencing, timing, and focus of sleep inter-
vention components.
Supplementary data to this article can be found
online at https://doi.org/10.1016/j.beth.2026.04.
003.

This study was supported by the U.S. Army Medical Research &
Materiel Command-Military Operational Medicine Research Pro-

gram (USAMRMC-MOMRP; contract W81XWH-18C0331 to

the 8th, 9th, 10th and 12th authors.

The views expressed in this presentation are those of the authors
and do not necessarily reflect the official policy or position of the

Department of Defense nor the U.S. Government.

CIP Statement: Research data derived from an approved Naval
Medical Center, Portsmouth, Virginia IRB, protocol.

Ethics: The study had Naval Medical Center Portsmouth IRB

approval.
qqqIRB Approval Statement: The study protocol was approved by
the Naval Medical Center Portsmouth Institutional Review Board

in compliance with all applicable Federal regulations governing the

protection of human subjects.
wwwCAPT Michael Franks and CDR Shawna Grover are military
service members. This work was prepared as part of their official

duties. Title 17 U.S.C. 105 provides that “Copyright protection

under this title is not available for any work of the United States
Government.” Title 17 U.S.C. 101 defines a United States

Government work as a work prepared by a military service

member or employee of the United States Government as part of

that person’s official duties.
qqqqThe authors declare no conflicts of interest.

References

Aili, K., Astrom-Paulsson, S., Stoetzer, U., Svartengren, M., &
Hillert, L. (2017). Reliability of actigraphy and subjective
sleep measurements in adults: The design of sleep assess-
ments. Journal of Clinical Sleep Medicine, 13(1), 39–47.
https://doi.org/10.5664/jcsm.6384.

Arditte Hall, K. A., Werner, K. B., Griffin, M. G., & Galovski,
T. E. (2023). Exploring predictors of sleep state misper-
ception in women with posttraumatic stress disorder.
Behavioral Sleep Medicine, 21(1), 22–32. https://doi.org/
10.1080/15402002.2021.2024193.

Beidel, D. C., Frueh, B. C., Neer, S. M., Bowers, C. A.,
Trachik, B., Uhde, T. W., & Grubaugh, A. (2019). Trauma
management therapy with virtual-reality augmented expo-
sure therapy for combat-related PTSD: A randomized
controlled trial. Journal of Anxiety Disorders, 61, 64–74.
https://doi.org/10.1016/j.janxdis.2017.08.005.

Beidel, D. C., Stout, J. W., Neer, S. M., Frueh, B. C., & Lejuez,
C. (2017). An intensive outpatient treatment program for
combat-related PTSD: Trauma management therapy. Bul-
letin of the Menninger Clinic, 81(2), 107–122. https://doi.
org/10.1521/bumc.2017.81.2.107.

https://doi.org/10.1016/j.beth.2026.04.003
https://doi.org/10.1016/j.beth.2026.04.003
https://doi.org/10.5664/jcsm.6384
https://doi.org/10.1080/15402002.2021.2024193
https://doi.org/10.1080/15402002.2021.2024193
https://doi.org/10.1016/j.janxdis.2017.08.005
https://doi.org/10.1521/bumc.2017.81.2.107
https://doi.org/10.1521/bumc.2017.81.2.107


14 c i fre e t al .
Beidel, D. C., Tuerk, P. W., Bowers, C. A., Newins, A., &
Seaver, C. (2025). Trauma management therapy and
compressed prolonged exposure for the treatment of PTSD
in an active duty military sample [Manuscript in prepara-
tion]. University of Central Florida.

Belleville, G., Guay, S., &Marchand, A. (2011). Persistence of
sleep disturbances following cognitive-behavior therapy for
posttraumatic stress disorder. Journal of Psychosomatic
Research, 70(4), 318–327. https://doi.org/10.1016/j.
jpsychores.2010.09.022.

Blevins, C. A., Weathers, F. W., Davis, M. T., Witte, T. K., &
Domino, J. L. (2015). The posttraumatic stress disorder
checklist for dsm-5 (pcl-5): Development and initial psy-
chometric evaluation. Journal of Traumatic Stress, 28(6),
489–498. https://doi.org/10.1002/jts.22059.

Brownlow, J. A., McLean, C. P., Gehrman, P. R., Harb, G. C.,
Ross, R. J., & Foa, E. B. (2016). Influence of sleep
disturbance on global functioning after posttraumatic
stress disorder treatment. Journal of Traumatic Stress, 29
(6), 515–521. https://doi.org/10.1002/jts.22139.

Buuren, S. V., & Groothuis-Oudshoorn, K. (2011). Mice:
Multivariate imputation by chained equations in r. Journal
of Statistical Software.

Chinoy, E. D., Cuellar, J. A., Huwa, K. E., Jameson, J. T.,
Watson, C. H., Bessman, S. C., Hirsch, D. A., Cooper, A.
D., Drummond, S. P. A., & Markwald, R. R. (2021).
Performance of seven consumer sleep-tracking devices
compared with polysomnography. Sleep, 44(5). https://
doi.org/10.1093/sleep/zsaa291.

Colvonen, P. J., Drummond, S. P. A., Angkaw, A. C., &
Norman, S. B. (2019). Piloting cognitive-behavioral ther-
apy for insomnia integrated with prolonged exposure.
Psychological Trauma, 11(1), 107–113. https://doi.org/
10.1037/tra0000402.

Conley, S., Knies, A., Batten, J., Ash, G., Miner, B., Hwang,
Y., Jeon, S., & Redeker, N. S. (2019). Agreement between
actigraphic and polysomnographic measures of sleep in
adults with and without chronic conditions: A systematic
review and meta-analysis. Sleep Medicine Reviews, 46,
151–160. https://doi.org/10.1016/j.smrv.2019.05.001.

Cumming, G. (2014). The new statistics: Why and how.
Psychological Science, 25(1), 7–29. https://doi.org/
10.1177/0956797613504966.

Foa, E. B., McLean, C. P., Zang, Y., Rosenfield, D., Yadin, E.,
Yarvis, J. S., Mintz, J., Young-McCaughan, S., Borah, E.
V., Dondanville, K. A., Fina, B. A., Hall-Clark, B. N.,
Lichner, T., Litz, B. T., Roache, J., Wright, E. C., Peterson,
A. L., & Consortium, S. S. (2018). Effect of prolonged
exposure therapy delivered over 2 weeks vs 8 weeks vs
present-centered therapy on PTSD symptom severity in
military personnel: A randomized clinical trial. JAMA, 319
(4), 354–364. https://doi.org/10.1001/jama.2017.21242.

Germain, A. (2013). Sleep disturbances as the hallmark of
PTSD: Where are we now? American Journal of Psychia-
try, 170(4), 372–382. https://doi.org/10.1176/appi.
ajp.2012.12040432.

Gutner, C. A., Casement, M. D., Stavitsky Gilbert, K., &
Resick, P. A. (2013). Change in sleep symptoms across
cognitive processing therapy and prolonged exposure: A
longitudinal perspective. Behavior Research & Therapy, 51
(12), 817–822. https://doi.org/10.1016/j.brat.2013.09.008.

Harrison, E., Drake, T., & Pius, R. (2024). Finalfit: Quickly
create elegant regression results tables and plots when
modelling. https://github.com/ewenharrison/finalfit.

Haynes, P. L., Skobic, I., Epstein, D. R., Emert, S., Parthasarathy,
S., Perkins, S., & Wilcox, J. (2020). Cognitive processing
therapy for posttraumatic stress disorder is associated with
negligible change in subjective and objective sleep. Behavioral
Sleep Medicine, 18(6), 809–819. https://doi.org/10.1080/
15402002.2019.1692848.

He, Y. (2010). Missing data analysis using multiple imputa-
tion: Getting to the heart of the matter. Circulation:
Cardiovascular Quality and Outcomes, 3(1), 98–105.
https://doi.org/10.1161/CIRCOUTCOMES.109.875658.

Kartal, D., Arjmand, H. A., Varker, T., Cowlishaw, S.,
O’Donnell, M., Phelps, A., Howard, A., Hopwood, M.,
McFarlane, A., Bryant, R. A., Forbes, D., Cooper, J., &
Hinton, M. (2021). Cross-lagged relationships between
insomnia and posttraumatic stress disorder in treatment-
receiving veterans. Behavior Therapy, 52(4), 982–994.
https://doi.org/10.1016/j.beth.2020.12.006.

Kobayashi, I., Huntley, E., Lavela, J., & Mellman, T. A.
(2012). Subjectively and objectively measured sleep with
and without posttraumatic stress disorder and trauma
exposure. Sleep, 35(7), 957–965. https://doi.org/10.5665/
sleep.1960.

Lancel, M., van Marle, H. J. F., Van Veen, M. M., & van
Schagen, A. M. (2021). Disturbed sleep in PTSD: Thinking
beyond nightmares. Front Psychiatry, 12, 767760. https://
doi.org/10.3389/fpsyt.2021.767760.

Larsen, S. E., Fleming, C. J. E., & Resick, P. A. (2019).
Residual symptoms following empirically supported treat-
ment for PTSD. Psychological Trauma, 11(2), 207–215.
https://doi.org/10.1037/tra0000384.

Lehrer, H. M., Yao, Z., Krafty, R. T., Evans, M. A., Buysse,
D. J., Kravitz, H. M., Matthews, K. A., Gold, E. B.,
Harlow, S. D., Samuelsson, L. B., & Hall, M. H. (2022).
Comparing polysomnography, actigraphy, and sleep diary
in the home environment: The study of women’s health
across the nation (swan) sleep study. Sleep Advances, 3(1),
zpac001. https://doi.org/10.1093/sleepadvances/zpac001.

Lewis, C., Lewis, K., Kitchiner, N., Isaac, S., Jones, I., &
Bisson, J. I. (2020). Sleep disturbance in post-traumatic
stress disorder (PTSD): A systematic review and meta-
analysis of actigraphy studies. European Journal of Psy-
chotraumatology, 11(1), 1767349. https://doi.org/10.1080/
20008198.2020.1767349.

Lommen, M. J., Grey, N., Clark, D. M., Wild, J., Stott, R., &
Ehlers, A. (2016). Sleep and treatment outcome in post-
traumatic stress disorder: Results from an effectiveness
study. Depression & Anxiety, 33(7), 575–583. https://doi.
org/10.1002/da.22420.

Miller, K. E., Brownlow, J. A., & Gehrman, P. R. (2020).
Sleep in PTSD: Treatment approaches and outcomes.
Current Opinion in Psychology, 34, 12–17. https://doi.
org/10.1016/j.copsyc.2019.08.017.

Morrison, K., Su, S., Keck, M., & Beidel, D. C. (2021).
Psychometric properties of the pcl-5 in a sample of first
responders. Journal of Anxiety Disorders, 77, 102339.
https://doi.org/10.1016/j.janxdis.2020.102339.

Posit Team (2023). Rstudio: Integrated development environ-
ment for R. Posit Software http://www.posit.co/.

Pruiksma, K. E., Taylor, D. J., Wachen, J. S., Mintz, J., Young-
McCaughan, S., Peterson, A. L., Yarvis, J. S., Borah, E. V.,
Dondanville, K. A., Litz, B. T., Hembree, E. A., & Resick, P.
A. (2016). Residual sleep disturbances following PTSD
treatment in active duty military personnel. Psychological
Trauma, 8(6), 697–701. https://doi.org/10.1037/tra0000150.

R Core Team (2023). R: A language and environment for
statistical ## computing. R Foundation for Statistical
Computing.

Saunders, J. B., Aasland, O. G., Babor, T. F., de la Fuente, J.
R., & Grant, M. (1993). Development of the alcohol use
disorders identification test (audit): Who collaborative

http://refhub.elsevier.com/S0005-7894(26)00051-1/h0025
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0025
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0025
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0025
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0025
https://doi.org/10.1016/j.jpsychores.2010.09.022
https://doi.org/10.1016/j.jpsychores.2010.09.022
https://doi.org/10.1002/jts.22059
https://doi.org/10.1002/jts.22139
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0045
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0045
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0045
https://doi.org/10.1093/sleep/zsaa291
https://doi.org/10.1093/sleep/zsaa291
https://doi.org/10.1037/tra0000402
https://doi.org/10.1037/tra0000402
https://doi.org/10.1016/j.smrv.2019.05.001
https://doi.org/10.1177/0956797613504966
https://doi.org/10.1177/0956797613504966
https://doi.org/10.1001/jama.2017.21242
https://doi.org/10.1176/appi.ajp.2012.12040432
https://doi.org/10.1176/appi.ajp.2012.12040432
https://doi.org/10.1016/j.brat.2013.09.008
https://github.com/ewenharrison/finalfit
https://doi.org/10.1080/15402002.2019.1692848
https://doi.org/10.1080/15402002.2019.1692848
https://doi.org/10.1161/CIRCOUTCOMES.109.875658
https://doi.org/10.1016/j.beth.2020.12.006
https://doi.org/10.5665/sleep.1960
https://doi.org/10.5665/sleep.1960
https://doi.org/10.3389/fpsyt.2021.767760
https://doi.org/10.3389/fpsyt.2021.767760
https://doi.org/10.1037/tra0000384
https://doi.org/10.1093/sleepadvances/zpac001
https://doi.org/10.1080/20008198.2020.1767349
https://doi.org/10.1080/20008198.2020.1767349
https://doi.org/10.1002/da.22420
https://doi.org/10.1002/da.22420
https://doi.org/10.1016/j.copsyc.2019.08.017
https://doi.org/10.1016/j.copsyc.2019.08.017
https://doi.org/10.1016/j.janxdis.2020.102339
http://www.posit.co/
https://doi.org/10.1037/tra0000150
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0150
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0150
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0150


s l e ep and pt sd in serv i c e members 15
project on early detection of persons with harmful alcohol
consumption—II. Addiction, 88(6), 791–804. https://doi.
org/10.1111/j.1360-0443.1993.tb02093.x.

Sexton, M. B., Avallone, K. M., Smith, E. R., Porter, K. E.,
Ashrafioun, L., Todd Arnedt, J., & Rauch, S. A. M. (2017).
Sleep disturbances as predictors of prolonged exposure
therapy effectiveness among veterans with PTSD. Psychi-
atry Research, 256, 118–123. https://doi.org/10.1016/j.
psychres.2017.06.044.

Smith, M. T., McCrae, C. S., Cheung, J., Martin, J. L.,
Harrod, C. G., Heald, J. L., & Carden, K. A. (2018). Use of
actigraphy for the evaluation of sleep disorders and
circadian rhythm sleep-wake disorders: An American
academy of sleep medicine systematic review, meta-
analysis, and grade assessment. Journal of Clinical Sleep
Medicine, 14(7), 1209–1230. https://doi.org/10.5664/
jcsm.7228.

Spoormaker, V. I., & Montgomery, P. (2008). Disturbed sleep
in post-traumatic stress disorder: Secondary symptom or
core feature? Sleep Medicine Reviews, 12(3), 169–184.
https://doi.org/10.1016/j.smrv.2007.08.008.

Sullan, M. J., Crocker, L. D., Thomas, K. R., Orff, H. J.,
Davey, D. K., Jurick, S. M., Twamley, E. W., Norman, S.
B., Schiehser, D. M., Aupperle, R., & Jak, A. J. (2021).
Baseline sleep quality moderates symptom improvement in
veterans with comorbid PTSD and TBI receiving trauma-
focused treatment. Behavior Research & Therapy, 143,
103892. https://doi.org/10.1016/j.brat.2021.103892.

Tanev, K. S., Lynch, E. A., Blackburn, A. M., Terry, D.,
Goetter, E. M., Wright, E. C., Gupta, C., Stasko, C. E., &
Spencer, T. (2022). Associations between residual hyper-
arousal and insomnia symptoms in veterans following a 2-
week intensive outpatient program for posttraumatic stress
disorder. Journal of Traumatic Stress, 35(2), 461–472.
https://doi.org/10.1002/jts.22758.

Taylor, D. J., Pruiksma, K. E., Mintz, J., Slavish, D. C.,
Wardle-Pinkston, S., Dietch, J. R., Dondanville, K. A.,
Young-McCaughan, S., Nicholson, K. L., Litz, B. T.,
Keane, T. M., Peterson, A. L., Resick, P. A., & Consortium
to Alleviate, P. (2023). Treatment of comorbid sleep
disorders and posttraumatic stress disorder in U.S. Active
duty military personnel: A pilot randomized clinical trial.
Journal of Traumatic Stress, 36(4), 712–726. https://doi.
org/10.1002/jts.22939.

Taylor, D. J., Pruiksma, K. E., Mintz, J., Slavish, D. C.,
Wardle-Pinkston, S., Tyler, H., Dondanville, K. A., Young-
McCaughan, J. R., Scullin, M. K., Nicholson, K. L., Litz, B.
T., Dietch, J. R., Williamson, D. E., Keane, T. M.,
Peterson, A. L., Resick, P. A., & Consortium to Alleviate,
P. (2020). Treatment of comorbid sleep disorders and
posttraumatic stress disorder in active duty military: Design
and methodology of a randomized clinical trial. Contem-
porary Clinical Trials, 99, 106186. https://doi.org/10.1016/
j.cct.2020.106186.

Tierney, N., & Cook, D. (2023). Expanding tidy data
principles to facilitate missing data exploration, visualiza-
tion and assessment of imputations. Journal of Statistical
Software, 105(7). https://doi.org/10.18637/jss.v105.i07.

USC Institute for Creative Technologies (2005, 2025). Brave-
mind. Retrieved April 13 from https://ict.usc.edu/research/
projects/bravemind-virtual-reality-exposure-therapy/.

Walters, E. M., Jenkins, M. M., Nappi, C. M., Clark, J., Lies,
J., Norman, S. B., & Drummond, S. P. A. (2020). The
impact of prolonged exposure on sleep and enhancing
treatment outcomes with evidence-based sleep interven-
tions: A pilot study. Psychological Trauma, 12(2),
175–185. https://doi.org/10.1037/tra0000478.

Wasserstein, R. L., & Lazar, N. A. (2016). The asa statement
on p-values: Context, process, and purpose. The American
Statistician, 70(2), 129–133.

Weathers, F. W., Bovin, M. J., Lee, D. J., Sloan, D. M.,
Schnurr, P. P., Kaloupek, D. G., Keane, T. M., & Marx, B.
P. (2018). The clinician-administered PTSD scale for dsm-5
(caps-5): Development and initial psychometric evaluation
in military veterans. Psychological Assessment, 30(3),
383–395. https://doi.org/10.1037/pas0000486.

Yeh, M. S. L., Poyares, D., Coimbra, B. M., Mello, A. F.,
Tufik, S., & Mello, M. F. (2021). Subjective and objective
sleep quality in young women with posttraumatic stress
disorder following sexual assault: A prospective study.
European Journal of Psychotraumatology, 12(1), 1934788.
https://doi.org/10.1080/20008198.2021.1934788.

Zayfert, C., & DeViva, J. C. (2004). Residual insomnia
following cognitive behavioral therapy for PTSD. Journal
of Traumatic Stress, 17(1), 69–73. https://doi.org/10.1023/
B:JOTS.0000014679.31799.e7.

RECEIVED: September 1, 2025
REVISED: April 8, 2026
ACCEPTED: April 9, 2026
AVAILABLE ONLINE: XXXX

https://doi.org/10.1111/j.1360-0443.1993.tb02093.x
https://doi.org/10.1111/j.1360-0443.1993.tb02093.x
https://doi.org/10.1016/j.psychres.2017.06.044
https://doi.org/10.1016/j.psychres.2017.06.044
https://doi.org/10.5664/jcsm.7228
https://doi.org/10.5664/jcsm.7228
https://doi.org/10.1016/j.smrv.2007.08.008
https://doi.org/10.1016/j.brat.2021.103892
https://doi.org/10.1002/jts.22758
https://doi.org/10.1002/jts.22939
https://doi.org/10.1002/jts.22939
https://doi.org/10.1016/j.cct.2020.106186
https://doi.org/10.1016/j.cct.2020.106186
https://doi.org/10.18637/jss.v105.i07
https://ict.usc.edu/research/projects/bravemind-virtual-reality-exposure-therapy/
https://ict.usc.edu/research/projects/bravemind-virtual-reality-exposure-therapy/
https://doi.org/10.1037/tra0000478
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0210
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0210
http://refhub.elsevier.com/S0005-7894(26)00051-1/h0210
https://doi.org/10.1037/pas0000486
https://doi.org/10.1080/20008198.2021.1934788
https://doi.org/10.1023/B:JOTS.0000014679.31799.e7
https://doi.org/10.1023/B:JOTS.0000014679.31799.e7

	Improving Sleep and PTSD Outcomes in Service Members:A Randomized Controlled Trial Examining the Long-Term Effe

