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Study Objectives: To examine the efficacy of imagery rehearsal (IR) combined with cognitive behavioral therapy for insomnia (CBT-I) compared to CBT-I 
alone for treating recurrent nightmares in military veterans with posttraumatic stress disorder (PTSD).
Methods: In this randomized controlled study, 108 male and female United States veterans of the Iraq and Afghanistan conflicts with current, severe PTSD 
and recurrent, deployment-related nightmares were randomized to six sessions of IR + CBT-I (n = 55) or CBT-I (n = 53). Primary outcomes were measured 
with the Nightmare Frequency Questionnaire (NFQ) and Nightmare Distress Questionnaire (NDQ).
Results: Improvement with treatment was significant (29% with reduction in nightmare frequency and 22% with remission). Overall, IR + CBT-I was not 
superior to CBT-I (NFQ: −0.12; 95% confidence interval = −0.87 to 0.63; likelihood ratio chi square = 4.7(3), P = .2); NDQ: 1.5, 95% confidence interval = −1.4 
to 4.4; likelihood ratio chi square = 7.3, P = .06).
Conclusions: Combining IR with CBT-I conferred no advantage overall. Further research is essential to examine the possibly greater benefit of adding IR to 
CBT-I for some subgroups of veterans with PTSD.
Clinical Trial Registration: Registry: ClinicalTrials.gov; Title: Cognitive Behavioral Therapy (CBT) for Nightmares in Operation Enduring Freedom/Operation 
Iraqi Freedom (OEF/OIF) Veterans; Identifier: NCT00691626; URL: https://clinicaltrials.gov/ct2/show/NCT00691626
Keywords: cognitive behavioral therapy, insomnia, nightmares, posttraumatic stress disorder
Citation: Harb GC, Cook JM, Phelps AJ, Gehrman PR, Forbes D, Localio R, Harpaz-Rotem I, Gur RC, Ross RJ. Randomized controlled trial of imagery 
rehearsal for posttraumatic nightmares in combat veterans. J Clin Sleep Med. 2019;15(5):757–767.

INTRODUCTION

Recurrent nightmares are an integral feature of posttraumatic 
stress disorder (PTSD) and often an impetus for treatment 
seeking in combat veterans and others with PTSD.1 Frequent 
nightmares are commonly associated with poor sleep qual-
ity, impaired daytime functioning, depression, and suicid-
ality.2–4 Although existing evidence-based psychotherapies 
for PTSD may have positive effects on posttraumatic sleep 
disturbances, recurrent nightmares remain clinically signifi-
cant for many treatment completers5–7 and require targeted 
adjunctive treatment.8

Imagery rehearsal (IR), a form of cognitive behavioral treat-
ment (CBT), is recommended by the American Academy of 
Sleep Medicine for the treatment of recurrent posttraumatic 
nightmares.9 It involves assisting the patient in revising the 
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storyline of a nightmare during waking and encouraging re-
hearsal of a new, nondistressing dream script prior to bedtime. 
In recent meta-analyses of IR, average reductions in night-
mare frequency and improvements in sleep quality and overall 
PTSD symptomatology were moderate to large, with effects 
maintained at 6 and 12 months after the completion of treat-
ment.10–13 However, existing studies of IR are predominantly 
uncontrolled, and the two that included an active treatment con-
trol condition found reductions in the nightmare disturbance, 
as well as insomnia severity, that were smaller than those re-
ported in uncontrolled or placebo-controlled studies.14,15

IR treatment protocols have varied widely with regard 
to the addition of various components of CBT for insomnia 
(CBT-I).16 There is some evidence that CBT-I alone can be ef-
fective for treating the posttraumatic nightmare disturbance.17 
In a small uncontrolled trial in Iraq War veterans with PTSD 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Imagery rehearsal (IR), the American Academy of Sleep Medicine-recommended therapy for posttraumatic 
stress disorder (PTSD)-associated nightmares, has been combined with components of cognitive behavioral therapy for insomnia (CBT-I) in many 
treatment protocols. The main aim of this dismantling study was to determine whether IR was essential to the efficacy of a treatment combining IR and 
CBT-I in reducing nightmare frequency and distress in military veterans with combat-related PTSD.
Study Impact: In male and female military veterans with PTSD and recurrent nightmares, the addition of IR to CBT-I did not, overall, result in greater 
treatment gains compared to CBT-I alone. However, adding IR may benefit veterans with lower nightmare severity and female veterans in particular.
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and recurrent nightmares, we demonstrated that IR combined 
with components of CBT-I reduced nightmare frequency and 
sleep disturbance.18 Our aim in the current dismantling study 
was to test whether IR is essential to the efficacy of a com-
bined treatment, IR plus CBT-I (IR + CBT-I), in reducing the 
nightmare disturbance in United States military veterans with 
combat-related PTSD. We predicted that IR + CBT-I would 
outperform CBT-I.

Evidence for the efficacy of IR in reducing the nightmare distur-
bance in PTSD is strongest in civilian samples, which have included 
80% to 100% female participants with a history of sexual assault.12 
Therefore, we investigated sex as a potential treatment modifier 
in the current randomized controlled trial (RCT). Other potential 
modifiers we considered were baseline nightmare severity and trau-
matic brain injury (TBI), which can lead to verbal memory deficits 
such as those associated with poor response to CBT.19

Aims of the Study
The aims of the study were to determine: (1) whether IR com-
bined with CBT-I could alleviate the nightmare disturbance 
and improve sleep quality in United States military veterans 
with PTSD and (2) whether IR added to any efficacy of CBT-I.

METHODS

Participants
Of the 150 veterans of Operations Enduring Freedom (OEF), Iraqi 
Freedom (OIF), and New Dawn (OND) assessed for eligibility, 
108 were enrolled. Participants were current patients receiving 
mental health care at the Corporal Michael J. Crescenz Depart-
ment of Veterans Affairs Medical Center (CMCVAMC) in Phila-
delphia, Pennsylvania or its community-based outpatient clinics 
(n = 102) or at the Department of Veterans Affairs Connecticut 
Healthcare System (VACHS) in West Haven, Connecticut (n = 6). 
Recruitment at the Connecticut site was stopped because of staff-
ing changes, and participants did not differ between sites. Inclu-
sion criteria were current deployment-related PTSD (ie, resulting 
from combat and other deployment-related events) according 
to the Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition, Text Revision (DSM-IV-TR),20 assessed with the 
Clinician-Administered PTSD Scale (CAPS)21; recurrent deploy-
ment-related nightmares (at least one every 2 weeks for at least 6 
months); and a global sleep disturbance, as indicated by a score 
of five or greater on the Pittsburgh Sleep Quality Index (PSQI).22 
A comorbid anxiety or depressive disorder diagnosis, alcohol and 
cannabis abuse, as well as dementia and amnestic disorder related 
to mild to moderate head injury were allowed. Concurrent psy-
choactive medications, including sedative-hypnotic medications 
and medications sometimes used for the treatment of nightmares 
(eg, prazosin), were also allowed if they were first prescribed at 
least 2 weeks prior to the prospective participant’s assessment for 
inclusion in the study. Medication changes over the course of the 
study were discouraged, but permitted if considered clinically in-
dicated by the treating psychiatrist. Enrolled veterans were also 
allowed to continue mental health treatment as usual; however, 
veterans currently receiving prolonged exposure23 or cognitive 
processing therapy24 were not eligible.

Exclusion criteria for the study were: nightmares and PTSD 
primarily related to military sexual trauma (to avoid a hetero-
geneous participant sample), bipolar disorder, delirium, de-
mentia and amnestic disorder not related to mild to moderate 
head injury, and schizophrenia and other psychotic disorders. 
In addition, individuals with substance dependence during the 
preceding 12 months and those with “at risk” drinking behavior 
over the past month (for men: more than 4 drinks in a day, more 
than 3 days a week, or more than 14 drinks total in a week; 
for women: more than 3 drinks in a day, more than 3 days a 
week, or more than 7 drinks total in a week)25 were excluded. 
Veterans who reported severe TBI (loss of consciousness or 
alteration of mental status greater than 24 hours; or peritrau-
matic memory loss or any posttraumatic amnesia greater than 
7 days) also were excluded.26 Although sleep disorders includ-
ing narcolepsy, circadian rhythm sleep disorders, and periodic 
limb movement disorder were cause for exclusion, veterans in 
treatment for sleep apnea or who had declined apnea treatment 
or not benefited from it were not excluded.

The flow of participants through the trial is shown in the 
CONSORT diagram in Figure 1. Forty-two of the 150 veterans 
screened were not enrolled: 22 did not meet eligibility criteria, 
and 20 withdrew before enrollment. The 108 veterans who met 
criteria and agreed to participate were randomized to CBT-I 
(n = 55) or IR + CBT-I (n = 53) by computer code that stratified 
by site and participant sex, with balance by blocking (three block 
sizes randomly permuted). Allocation concealment created by 
project statisticians was implemented with sealed envelopes by 
the research coordinator. Dropout from treatment was compa-
rable between groups: 20% and 19% of those who initiated treat-
ment with IR + CBT-I and CBT-I, respectively, did not complete 
all sessions. Every effort was made to obtain both baseline and 
follow-up data for every individual, and all 108 who were ran-
domized were included in the intention to treat (ITT), ie, “as ran-
domized,” analyses. There were no study-related adverse events.

Measures
The CAPS,21 the 30-item gold standard clinician-administered 
structured interview with sound psychometrics,27 was used to 
ascertain a current diagnosis of PTSD. The four master’s level 
CAPS raters across sites exhibited excellent reliability during 
training (intraclass correlations of 1.0 for presence of PTSD 
diagnosis and 0.95 for CAPS total score).

The Structured Clinical Interview for DSM-IV-Patient Ver-
sion28 is a semi-structured interview widely used to ascertain 
current Axis I diagnoses according to DSM-IV criteria, and to 
screen for psychotic symptoms.

Veterans completed a brief trauma exposure screen to assess 
lifetime exposure to 12 types of potentially traumatic experi-
ences. Deployment experiences were assessed using the Com-
bat Experiences Scale29 and six subscales (15 to 20 items each) 
of the Deployment Risk and Resiliency Inventory (DRRI).30 
Also, we devised an interview to elicit veterans’ self-report of 
deployment-related injuries, blast exposure, and TBI.

Primary Outcomes
The Nightmare Frequency Questionnaire (NFQ)31 is a self-re-
port measure of number of nights with nightmares per week and 
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number of nightmares per week. It has demonstrated high test-
retest reliability, validity with retrospective and prospective re-
ports of nightmare frequency, and good discriminant validity.32

The Nightmare Distress Questionnaire (NDQ)33 is a self-re-
port measure of the distress associated with nightmares. It con-
tains 13 questions assessing anxiety, avoidance, realism, and 
importance associated with nightmares, summed for a total dis-
tress score. The NDQ has been shown to be reliable and valid.33

Secondary Outcomes
Additional self-report measures were administered: (1) PSQI,22 
(2) the PSQI Addendum for PTSD (PSQI-A)34 to assess PTSD-
related sleep disturbances, (3) the Nightmare Effects Survey31 
to assess psychosocial impairment attributed to nightmares, (4) 

the Beck Depression Inventory,35 (5) the 12-Item Short Form 
Health Survey36 to assess functional health status, and (6) the 
PTSD Checklist-Military (PCL-M)37 to measure self-reported 
PTSD symptoms.

Procedure
The study was approved by the CMCVAMC and VACHS Insti-
tutional Review Boards. Recruitment and enrollment occurred 
from 2009 to 2014 at the CMCVAMC and from 2009 to 2010 
at the VACHS. Because of budgetary constraints, recruitment 
was stopped in January 2015.

Potential participants were referred by treatment providers 
at the CMCVAMC, VACHS, and four CMCVAMC commu-
nity-based outpatient clinics. Referred veterans were screened 

Figure 1—Consort flowchart.

CBT-I = cognitive behavioral therapy for insomnia, IR = imagery rehearsal.
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for eligibility, and gave written informed consent prior to par-
ticipation in the assessment. Pretreatment and posttreatment 
assessments were conducted by master’s level independent as-
sessors unaware of treatment assignment (and without access 
to study files). The two-session baseline assessment and the 
posttreatment assessment (within 1 week of completing the fi-
nal treatment session) included structured clinical interviews 
and self-report questionnaires. Two additional self-report fol-
low-up assessments followed 3 and 6 months later.

Treatment, Supervision, and Fidelity
CBT-I and IR + CBT-I were administered in six weekly in-
dividual sessions lasting approximately 1 hour each, using 
detailed therapist manuals (available from the first author on 
request). Participants completed standard daily sleep diaries. 
The protocols equalized therapist contact in the two treatments 
by ensuring an equal number of sessions and by increasing 
time spent on the discussion of daily stressors in CBT-I to bal-
ance extra time spent on IR elements in IR + CBT-I. The active 
comparison treatment (CBT-I) controlled for both nonspecific 
effects of treatment (eg, instillation of hope, expectation of im-
provement) and non-IR therapy elements that can ameliorate 
sleep disturbances.8 We chose not to use a less active com-
parison condition, such as psychoeducation only, in order to 
provide all participants with some form of sleep-focused treat-
ment given their high degree of sleep disturbance and level of 
distress.

Cognitive Behavioral Therapy for Insomnia
This treatment included psychoeducation about sleep and post-
traumatic sleep problems and the following elements of standard 
CBT-I16: grounding, aimed at reducing arousal and/or disso-
ciation after waking from nightmares (session 1), progressive 
muscle relaxation and discussion of the relationship between 
daily stressors, sleep, and nightmares (session 2), sleep hygiene 
and setting a regular sleep schedule (session 3), stimulus con-
trol (session 4), reduction of cognitive hyperarousal (session 5), 
and relapse prevention (session 6). Although regulating sleep 
schedules sometimes resulted in a reduction in time in bed, 
intentional “sleep restriction,” typically a core component of 
CBT-I, was not included; a pilot study18 and clinical experi-
ence had shown that most OEF/OIF veterans with PTSD have 
a sleep duration of less than 5 hours, usually the minimum 
time in bed used for sleep restriction, leaving little room to 
implement this strategy. We chose instead to focus on the other 
components of CBT-I that were more applicable to this popula-
tion. Discussion of nightmare content was discouraged, and no 
imagery rescripting techniques were taught.

IR + CBT-I
In this condition, IR was combined with CBT-I, as described 
previously. In session 2, veterans were asked to select any 
recurrent deployment-related nightmare to target in treat-
ment and write it out in detail. After brainstorming potential 
changes to the nightmare storyline with the therapist in ses-
sion 3, participants wrote a new dream script in session 4. The 
new script was anchored in the original nightmare by using 
the same beginning as that of the nightmare, with subsequent 

departure into new, more emotionally neutral or positive imag-
ery. Participants were instructed to practice imagining the new 
script “in their mind’s eye” nightly before bed.

The developer of the manuals (GH) trained eight doctoral-
level psychologists to deliver both treatments. All sessions 
were videotaped and reviewed by experts in CBT-I or IR + 
CBT-I (PG and AP, respectively), who provided weekly super-
vision, including feedback regarding treatment delivery and 
adherence to manuals. At study completion, a random sample 
of 10% of videotapes for each treatment was rated by a doc-
toral-level psychologist who was not a member of the study 
team. The treatment fidelity measure, which was adapted from 
previous PTSD/nightmare RCTs,14,38 rated common treatment 
elements and condition-specific elements on a scale from −2 
to +2 (“not enough” to “too much”) and therapist competence 
from 0 to 4 (“poor” to “highly skilled”). In addition, global ad-
herence, interpersonal effectiveness, and overall session qual-
ity were rated (0 = poor to 4 = excellent). Fidelity was similar 
between treatments. Overall, 88% of the sessions were rated as 
“excellent” for global adherence to the protocol, and none less 
than “good.” Similarly, the interpersonal effectiveness, pac-
ing of sessions, and overall session quality were excellent in 
79% to 88% of sessions. For specific treatment elements, the 
mean adherence score (−0.02, standard deviation [SD] = 0.06) 
was “just right” (score = 0). Therapist competence was high 
(mean = 3.6, SD = 0 .76).

Sample Size Estimation
The results from our previous RCT of IR for Vietnam vet-
erans14 were not yet available at study inception. Therefore, 
for planning purposes, power calculations were conducted 
using the best available example of an IR trial with PSQI 
global score data. Krakow and colleagues39 found that, with 
n = 53, the mean (SD) PSQI score decreased from 10.9 (3.7) to 
8.2 (4.0), whereas it was unchanged among control patients. 
Using simulation, the gold standard for power calculations, 
datasets were created with baseline and follow-up for 75 
persons per group. To test power using the proposed mixed-
effects model for the analysis of actual data, we assumed a 
random intercept with 4.0 SD (corresponding to that found 
by Krakow et al.),39 and a random slope (SD = 0.25), cor-
responding to a substantial degree of individual variation 
over time. Then, using a within-person-time variation of 1.0 
SD, we found 84% power to detect a significant change in 
the treatment group versus the control group if the true rela-
tive improvement in the treatment group is as low as 1.0. For 
budgetary reasons, data collection was stopped at n = 108. To 
reflect actual power for the primary outcomes of interest, and 
given the actual sample of recruited patients (n = 108) and 
some patient dropout, we report 95% confidence intervals 
(CIs) to reflect poststudy power.40

Statistical Analysis
For descriptive characteristics, the convention mean (SD) was 
used. The primary analyses were ITT, using data from all 
108 patients randomized to treatment. Outcomes were ana-
lyzed using linear mixed-effects models with a random inter-
cept for each patient. Time was coded as a categorical factor 
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representing baseline and three follow-up times. To allow for 
variation across participants over time, the model also included 
a random slope for time, coded as a linear term of 0, 2, 5, and 
8 to correspond to the approximate number of months across 
visits. This approach allowed for nonlinear trajectories of out-
come over time, but limited the number of terms for estimation 
in the model. In keeping with current statistical recommen-
dations, the baseline value was treated as an outcome rather 
than as a covariate.41 The model included baseline covariates to 
adjust for differences in initial PTSD severity (PSQI score and 
CAPS score) for the two treatment arms. This approach also 
supports ITT analysis, which assumes that dropouts (missing 
outcomes) and loss to follow-up are at random, that is, not as-
sociated with group assignment, and permits simpler estimates 
of change within treatment group over time.

To assess whether the two groups differed by the degree of 
variability of outcomes over time, we fit mixed- effects models 
that allowed for the variance of random slopes (for individual 
participants) to differ by treatment group, an addition of one 
degree of freedom (df ) to the model. Then, we used likelihood 
ratio tests to assess whether this larger model differed in fit 
from the smaller model that assumed the same variation of in-
dividual random slopes across treatment groups.

For estimates of effect modification, we modeled three-way 
interactions of treatment (CBT-I; IR + CBT-I) × time (baseline; 
follow-up) × modifier (sex; race; baseline nightmare severity; 
TBI). For the key contrasts of interest, for example, the change 
over time from baseline to last follow-up, we estimated the 
standardized expected value for each treatment at each time 
point, and then evaluated the difference in change over time 
between groups and estimated 95% confidence bounds for this 
difference. The figures in the Results section depict these ex-
pected values over time and their changes, emphasizing the 
key contrasts of interest as estimated on the original outcome 
scales. Where possible we opted to use likelihood ratio tests to 
estimate statistical significance of models and differences in 
models, as contrasted with Wald-based tests, because of their 
superior statistical properties.41 Analyses were performed us-
ing Stata Versions 13 and 14 (StataCorp LLC, College Station, 
Texas, United States). No interim analyses were planned or 
conducted.

RESULTS

There were no substantial baseline differences between the 
two treatment groups on any sociodemographic characteristic 
(Table 1). Most participants (86%) were male and Caucasian 
(58%). Almost all had completed high school (98%), and ap-
proximately two-thirds had completed some college (66%); 
44% were employed full-time or part-time. The average CAPS 
score indicated severe PTSD. The most common comorbid 
diagnoses were depressive disorders, and 32% of participants 
had a diagnosed TBI, for which 40% were in ongoing treatment 
at the Polytrauma Clinic of the CMCVAMC. Per retrospective 
self-report, 65% of participants had suffered a mild TBI, and 
4% a moderate TBI, usually from blast exposure (mostly im-
provised explosive devices and mortar attacks); the percentage 

did not differ between the two conditions. The number of sta-
tistically significant differences between groups (n = 3: alcohol 
abuse, PSQI, DRRI Deployment Concerns) was what would 
be expected across more than 60 baseline comparisons, sug-
gesting randomization performed as expected. Residual, pos-
sibly important baseline differences in initial symptoms (eg, IR 
+ CBT-I group demonstrated poorer global sleep quality and 
more severe PTSD) were controlled in analyses with the PSQI 
and the CAPS as baseline covariates.

Prior and Concurrent Treatment
Prior and concurrent treatment data were available for 102 
participants (94%). Of these, three participants had completed 
a prior course of prolonged exposure before enrollment, and 
none had undergone cognitive processing therapy. At the time 
of enrollment, 69% were in concurrent psychotherapy, 78% 
were being seen by a psychiatrist, and 75% were being pre-
scribed psychotropic medication (27% were prescribed one, 
32%: two, 14%: three, 3%: four, and 1%: five). The most com-
monly prescribed medications were selective serotonin reup-
take inhibitors (47%), the alpha-1 adrenoceptor antagonist 
prazosin (30%), and hypnotic drugs (25%). There were no 
differences between groups in treatment variables including 
psychotropic prescriptions (P = .17). In an exploratory analy-
sis, the use of prazosin during the course of the study (n = 89) 
did not improve outcome significantly: NDQ (likelihood ratio 
[LR] test = 2.0 [df = 3], P = .57); NFQ (LR test = 0.66 [df = 3], 
P = .66).

ITT Analyses
Differences Between Treatments Over Time
Improvements in each treatment group were statistically sig-
nificant, but the two groups did not differ in improvement for 
primary outcomes (Table 2 and Table 3). The IR + CBT-I 
treatment did not lead to significantly larger improvements 
than the CBT-I treatment (Table 2) over time (Figure 2A and 
Figure 2B). For nightmare frequency (NFQ), the IR + CBT-
I group improved from baseline to the last follow-up by 1.14 
nights compared to the CBT-I group (1.02 nights), for a differ-
ence of −0.12 (95% CI = −0.87 to 0.63; LR chi square = 4.7(3), 
P = .2). For nightmare distress (NDQ), the CBT-I group im-
proved slightly more than the IR + CBT-I group, but the dif-
ference was not significant (1.5, 95% CI = −1.4 to 4.4; LR chi 
square = 7.3, P = .06). Among participants who completed all 
therapy sessions, improvements also did not differ between the 
treatment groups.

Overall, nightmare frequency and distress declined signifi-
cantly from baseline to 6 months posttreatment for both the 
CBT-I and IR + CBT-I groups (Table 3). For the number of 
nights with nightmares, both treatments showed a reduction 
in frequency of approximately 1 night per week at 6 months, 
decreasing from 3.6 to 2.6. For nightmare distress, the NDQ 
decreased about 4 points from baseline. As an additional de-
scriptor of changes in nightmare frequency, 29% of partici-
pants showed a “clinically significant” reduction in nightmare 
frequency as defined by Cook et al.14 (reduction of two or more 
nightmares/week), and 22% achieved remission of nightmares 
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Table 1—Baseline sociodemographic and clinical characteristics by group.
Demographics, n (%) IR + CBT-I (n = 53) CBT-I (n = 55) Total (n = 108)

Male sex 47 (88.7) 46 (83.6) 93 (86.1)
Race

Caucasian 34 (64.2) 29 (52.7) 63 (58.3)
African American 17 (32.1) 23 (41.8) 40 (37.0)
Other 2 (3.8) 3 (5.4) 5 (4.63)

Marital status
Married/cohabitating 30 (57.7) 24 (44.4) 54 (50.9)
Separated/divorced 13 (25.0) 12 (22.2) 25 (23.6)
Never married/widowed 9 (17.3) 18 (33.3) 27 (25.5)
Education
High school (part or completed) 20 (37.7) 17 (30.9) 37 (34.3)
Completed some college 33 (62.3) 38 (69.1) 71 (65.7)

Employment
Full or part time 23 (43.4) 24 (43.6) 47 (43.5)
Retired/unemployed 30 (56.6) 31 (56.4) 61 (56.5)

Service branch
Army 34 (64.2) 34 (61.8) 68 (63.0)
Navy and Air Force 8 (15.1) 8 (14.5) 16 (14.8)
Marines 12 (22.6) 8 (14.6) 20 (18.5)

PTSD service connection 40 (75.5) 41 (75.9) 81 (75.5)
Age (years), mean (SD) 37.0 (9.9) 37.2 (10.1) 37.1 (9.9)

Concurrent Diagnoses, n (%)
Major depressive disorder 37 (69.8) 32 (58.2) 69 (63.9)
Generalized anxiety disorder 10 (18.9) 14 (25.4) 24 (22.2)
Alcohol abuse 7 (13.2) 1 (1.8) 8 (7.4)
Diagnosed TBI 14 (26.4) 21 (38.2) 35 (32.4)

Clinical Characteristics, mean (SD)
Weekly nights with nightmares 3.7 (1.7) 3.52 (1.75) 3.61 (1.70)
Weekly number of nightmares 5.8 (4.7) 5.1 (3.7) 5.4 (4.3)
Nightmare distress (NDQ) 29.6 (5.9) 29.3 (5.7) 29.4 (5.8)
Global sleep quality (PSQI) 15.9 (2.3) 14.6 (3.2) 15.2 (2.8)
PSQI addendum 11.3 (4.6) 10.0 (4.0) 10.6 (4.3)
Depression (BDI) 28.8 (10.7) 25.9 (8.6) 27.3 (9.8)
PTSD severity (CAPS) 87.7 (14.6) 83.3 (14.4) 85.5 (15.6)
Self-reported PTSD (PCL-M) 65.8 (9.7) 63.2 (10.4) 64.46 (10.1)
Nightmare daytime effects (NES) 27.5 (7.6) 25.9 (7.5) 26.7 (7.5)

Deployments, mean (SD)
Number of deployments 2.2 (2.8) 2.2. (1.2) 2.2 (2.1)
Time since last deployment (months) 60.3 (28.7) 51.7 (26.5) 55.9 (27.8)

Head Injury, n (%)
Mild TBI 33 (62.3) 37 (67.3) 70 (64.8)
Moderate TBI 2 (3.8) 2 (3.6) 4 (3.7)
Any TBI 33 (62.3) 38 (69.1) 71 (65.7)

Deployment and Combat Experiences, mean (SD)
Combat exposure (CES) 22.44 (8.87) 21.62 (7.71) 22.01 (8.25)
DRRI deploy perceived threat 55.0 (10.9) 50.6 (10.6) 52.7 (10.9)
DRRI combat experiences 9.1 (4.2) 8.9 (3.5) 9.0 (3.9)
DRRI postbattle experiences 10.2 (3.9) 9.6 (4.5) 10.0 (4.2)
DRRI postdeployment support 49.7 (10.6) 49.2 (9.6) 49.4 (10.1)
DRRI postdeploy life events 5.2 (3.2) 5.3 (3.1) 5.2 (3.1)

Mild TBI = Loss of consciousness less than 30 minutes, alteration of consciousness and peritraumatic and/or posttraumatic amnesia less than 24 hours; 
Moderate TBI = Loss of consciousness of 30 minutes to 24 hours, alteration of consciousness and peritraumatic and/or posttraumatic amnesia greater 
than 24 hours, less than 7 days. BDI = Beck Depression Inventory, CAPS = Clinician-Administered PTSD Scale, CBT-I = cognitive behavioral therapy 
for insomnia, CES = Combat Experiences Scale, DRRI = Deployment Risk and Resiliency Inventory, IR = imagery rehearsal, NDQ = Nightmare Distress 
Questionnaire, NES = Nightmare Effects Survey, PCL-M = PTSD Checklist, Military Version, PSQI = Pittsburgh Sleep Quality Index, PTSD = posttraumatic 
stress disorder, SD = standard deviation, TBI = traumatic brain injury.



763Journal of Clinical Sleep Medicine, Vol. 15, No. 5� May 15, 2019

GC Harb, JM Cook, AJ Phelps, et al.� Imagery Rehearsal RCT

to below the inclusion criterion frequency of one nightmare 
every 2 weeks.

Treatments did not produce significantly different effects for 
the secondary outcomes, sleep quality and PTSD symptoms 
(PSQI: 0.0, CI = −1.5 to 1.5; LR test = 0.94, df = 3, P = .82; PCL-
M: −2.2, 95% CI = −6.2 to + 1.8; LR test = 2.4, df = 3, P = .57). 
However, sleep quality improved in both groups, by 2.9 PSQI 
points for the CBT-I group and 2.8 points for the IR + CBT-I 
group (95% CI = −3.9 to −1.8 and −3.8 to −1.7, respectively).

Modification of Treatment Effects
To explore the possibility that a subgroup demonstrated better 
or worse treatment response, we compared treatments in sub-
groups defined by sex, race (Caucasian versus all other), sever-
ity of baseline nightmares (severe versus extreme scores on the 
nightmare frequency and intensity items on the CAPS), and 
self-reported TBI (presence versus absence). These analyses 
used the same baseline covariates of PSQI and CAPS scores.

No treatment modification effects were found for race and 
TBI, as seen in nonsignificant three-way interactions (race: 
NDQ: LR test [df = 3] = 2.9, P = .41; NFQ: LR test [df = 3] = 3.0, 
P = .40; TBI: NDQ: LR test [df = 3] = 2.6, P = .46; NFQ: LR 
test [ = 3] = 1.8, P = .62). Although absolute differences were 
small, confidence bounds were large (race: NDQ: −0.69, 95% 
CI = −6.8, 5.4; NFQ: 0.025, 95% CI = −1.3, 1.8; TBI: NDQ: 1.5, 
95% CI = −4.9, 8.0; NFQ: −0.59, 95% CI = −2.3, 1.1).

We found no significant treatment modification effect for 
sex for either outcome (distress: NDQ: LR test [df = 3] = 3.4, 

P = .33; frequency: NFQ: LR test [df = 3] = 3.6, P = .32). 
Although differences were not significant, confidence bounds 
were large (NFQ: 1.3, 95% CI = −0.7, 3.3; NDQ: 6.8, 95% 
CI = −0.8, 14.3). In an exploratory analysis (Figure 3A), con-
sidering the IR + CBT-I group only, differences between men 
and women became more pronounced over time, although 
these did not attain statistical significance (NDQ: LR test 
[df = 3] = 7.5, P = .06; NFQ: LR test [df = 3] = 5.3, P = .15). 
Women’s scores tended to improve more than men’s and main-
tained improvement throughout the follow-up. With regard to 
the baseline severity of nightmare symptoms, the LR for the 
three-way interaction of treatment × time × baseline night-
mare distress was significant (LR test [df = 3] = 9.3, P = .025). 
As shown in Figure 3B, those participants with more severe 
baseline nightmare symptoms (above the median level) ben-
efitted less from IR + CBT-I than from CBT-I and, compared 
to the less severe subgroup, benefitted less from treatment. 
For nightmare frequency, we found no modification effect 
for baseline severity of nightmare symptoms (LR test = 3.35, 
df = 3, P = .34).

DISCUSSION

This RCT is the first that aimed to identify the therapeutic ele-
ments essential to the efficacy of IR combined with CBT-I in 
treating the nightmare disturbance in PTSD. Contrary to our 
prediction, we found that, in male and female OEF/OIF/OND 

Table 2—Mixed effects model results: nightmare frequency and distress.

Time CBT-I (n = 55) IR + CBT-I (n = 53)
n * Stand. estimate 95% CI n * Stand. estimate 95% CI

Nightmare 
Frequency

Baseline 55 3.7 3.2, 4.1 53 3.6 3.1, 4.0
Posttreatment 38 2.7 2.2, 3.2 40 3.2 2.7, 3.7
3 mo follow-up 37 2.3 1.8, 2.8 37 2.7 2.2, 3.2
6 mo follow-up 38 2.6 2.1, 3.2 41 2.4 1.9, 3.0

Nightmare 
Distress

Baseline 55 29.2 28.3, 31.5 53 29.0 27.3, 30.6
Posttreatment 38 22.5 20.7, 24.4 36 25.3 32.4, 27.1
3 mo follow-up 37 24.9 23.0, 26.9 37 25.2 23.3, 27.2
6 mo follow-up 38 25.5 23.5, 27.6 41 26.1 24.1, 28.1

* = number of patients in the study as of the time of measurement. Nightmare frequency = average nights per week with nightmares. CBT-I = cognitive 
behavioral therapy for insomnia, CI = confidence interval, IR = imagery rehearsal.

Table 3—Differences in outcomes within treatment groups (CBT-I and IR + CBT-I): nightmare frequency and distress.

Time CBT-I IR + CBT-I
Change 95% CI Change 95% CI

Nightmare
Frequency

Posttreatment −1.0 −1.5, −0.5 −0.4 −0.9, +0.1
3 mo follow-up −1.3 −1.9, −0.8 −0.9 −1.4, −0.4
6 mo follow-up −1.0 −1.6, −0.5 −1.1 −1.7, −0.6

Nightmare
Distress

Posttreatment −7.4 −9.3, −5.5 −3.7 −5.6, −1.8
3 mo follow-up −5.0 −7.0, −3.1 −3.7 −5.7, −1.8
6 mo follow-up −4.4 −6.5, −2.3 −2.9 −4.9, −0.8

Negative values reflect improvement over time. Nightmare frequency = average nights per week with nightmares. CBT-I = cognitive behavioral therapy for 
insomnia, CI = confidence interval, IR = imagery rehearsal.
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veterans with PTSD and recurrent nightmares, the addition of 
IR to CBT-I did not, overall, result in greater treatment gains 
compared to CBT-I alone. Over time, both CBT-I, a treatment 
focused only on insomnia, and IR + CBT-I, a treatment focused 
on recurrent nightmares as well as insomnia, reduced night-
mare frequency and nightmare distress, and improved sleep 
quality. This finding is consistent with reports by others17,42 that 
CBT-I alone could reduce the nightmare disturbance, as well 
as the insomnia, in PTSD. The mechanism(s) by which CBT-I, 
a non-nightmare–focused treatment, could improve nightmare 
symptoms is unclear and requires further investigation. We 
suggest that affective distress, which has been linked to night-
mare production,4 is reduced by a treatment predicated on di-
minishing the conditioned association between environmental 
stimuli and anxious arousal.

A strength of the current study is the use of an active con-
trol group, which allows for examination of the effects of IR, 
specifically, when it is combined with CBT-I. Earlier meta-
analyses of IR found moderate to large effects on nightmare 
frequency.10–13 However, the strongest evidence for the efficacy 
of IR derived largely from uncontrolled or waitlist controlled 

studies, from which it is not possible to distinguish a specific 
effect of IR from a nonspecific effect of psychotherapy.

An additional key difference between this trial and most 
of those in prior meta-analyses is our study population, with 
a large percentage of men, whereas greatest support for the 
benefits of IR has been obtained from studies with a major-
ity of female participants.12 Significantly, a meta-analysis of 
response to trauma-focused psychological interventions for 
PTSD found that women obtained greater benefit than men.43 
Indeed, exploratory analyses from the current study suggest 
that adding IR to CBT-I could improve the performance of in-
somnia-focused psychotherapy in female veterans specifically. 
Consistent with the known increased prevalence of nightmares 
in women compared to men,4 it is reasonable to hypothesize 
that brain mechanisms underlying nightmare production, 
and presumably response to nightmare treatment, differ be-
tween the sexes. The role of sex and the factors underlying a 
likely greater responsiveness to IR in women warrant further 
investigation.

Another possible explanation for the absence of a large effect 
of IR on nightmare symptoms in this trial relates to Criterion A 

Figure 2—ITT outcomes for CBT-I and IR + CBTI.

(A) Changes in nightmare frequency over time, by treatment group. 
(B) Changes in nightmare distress over time, by treatment group. 
CBT-I = cognitive behavioral therapy for insomnia, IR = imagery 
rehearsal, ITT = intention to treat.

Figure 3—Modification of treatment effects: sex and 
nightmare severity.

(A) Treatment modification by sex and group. (B) Treatment modification 
by baseline nightmare symptom severity and group. CBT-I = cognitive 
behavioral therapy for insomnia, IR = imagery rehearsal.
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for a PTSD diagnosis, the type of traumatic stressor.20 All the 
participants were military veterans who had experienced com-
bat trauma, unlike the traumatic stressors reported by the ci-
vilian subjects in most earlier trials. A meta-analysis of PTSD 
psychotherapies found the smallest effect sizes for studies of 
combat compared to other types of trauma.44

Severity of the nightmare disturbance is another factor that 
could have diminished the overall efficacy of IR + CBT-I in 
this trial. As mentioned previously, most prior trials of IR in-
volved populations with generally less severe symptomatology 
and failed to take account of baseline PTSD and nightmare 
severity. Interestingly, in a recent meta-analysis of psycho-
therapy treatment studies in veterans and active duty military 
personnel, symptom severity was shown to affect treatment 
response; both low and high PTSD severity levels, compared 
with a moderate severity level, were associated with poor out-
come.45 In the current trial, veterans with more severe baseline 
nightmare symptomatology showed a somewhat smaller reduc-
tion in nightmare distress with IR + CBT-I than with CBT-I. It 
is possible that individuals with severe nightmare symptoms 
avoided exposure to nightmare content, thereby failing to en-
gage in, and benefit from, IR. The suggestion of Haagen and 
colleagues45 that emotional activation may need to be titrated 
during exposure-based PTSD treatment could be relevant to 
IR, which entails some exposure to nightmare content. How 
severity of the nightmare disturbance should enter into deci-
sions regarding individualized treatment is a topic for further 
investigation.

Strengths of the current study’s methodology include a high 
ratio of enrolled to assessed participants, a comparatively large 
sample size, and excellent therapist adherence to therapy pro-
tocol. Rates of dropout from the two treatments were in the 
range of other psychotherapy trials in PTSD.46 The broad eligi-
bility criteria, the enrollment of veterans receiving treatments 
standard in the United States Department of Veterans Affairs 
health care system, and the utilization of clinically relevant 
outcome measures add to the significance of these findings and 
their applicability to clinical care.

There are several limitations to consider when interpreting 
the results. First, because of the difficulty in recruiting OEF/
OIF/OND veterans with PTSD, we could not enroll and re-
tain the full number of subjects originally planned, nor did we 
anticipate the degree of variability of responses to treatment 
across participants; therefore, power to detect group effects 
may have been attenuated. However, CIs were overlapping, 
and the magnitudes of differences between groups at the end-
points were quite small and unlikely to have been affected by 
greater power. Therefore, results would not likely have been 
shifted by data from additional participants.

Second, because of the participants’ involvement in prior 
and concurrent PTSD therapies, a ceiling effect may have in-
terfered with our ability to detect a difference between the two 
treatments. However, this is unlikely given that participants 
reported stable and chronic nightmare symptoms prior to en-
rollment and that most participants had not received evidence-
based PTSD treatments. Furthermore, there is little evidence 
that even evidence-based psychotherapies for PTSD mitigate 
the sleep and nightmare disturbances.5–7

Third, this trial did not include a control group that received 
only treatment as usual. Therefore, only the relative efficacies 
of IR + CBT-I and CBT-I could be determined. Nevertheless, 
as reviewed previously, many prior studies have demonstrated 
the superiority of IR to a no-treatment waitlist condition, and 
therefore it is unlikely that the treatment effects we did observe 
were nonspecific. Finally, we did not investigate the efficacy of 
IR without CBT-I. However, the findings in two meta-analyses 
that the addition of CBT-I elements to IR improved sleep qual-
ity suggests that an IR-alone condition would not have outper-
formed IR + CBT-I.13

Fourth, participants in the current study were allowed to 
have diagnosed obstructive sleep apnea (OSA) as long as it was 
being treated or treatment had been ineffective or declined, but 
we did not assess all participants for it. OSA is recognized as 
a prevalent comorbidity in PTSD populations.47 There is evi-
dence from one retrospective study in veterans with PTSD and 
comorbid OSA that treatment with positive airway pressure 
can reduce nightmare frequency.48 We have no reason to be-
lieve that individuals with OSA would have been assigned dis-
proportionately to the experimental groups, confounding our 
results. Future research on nightmare treatment should provide 
greater detail on OSA comorbidity.

Although both IR and IR + CBT-I reduced nightmare fre-
quency and distress, the nightmare disturbance did not remit 
with either intervention. Therefore, future research should 
consider modifications or extensions of both treatment pro-
tocols that could reduce nightmare symptoms to nonclinical 
levels. For CBT-I, the manualized treatment for veterans that 
has been adopted by the United States Veterans Health Admin-
istration can serve as a reference.16 In the case of IR + CBT-I, 
there has been no consensus for any single protocol, an issue 
for future research efforts.49

In conclusion, our results suggest that adding IR to CBT-I 
for the treatment of recurrent nightmares does not improve 
outcomes overall in veterans with chronic deployment-related 
PTSD. Exploratory analyses suggest that the addition of IR 
may be of benefit for certain groups of veterans, females and 
individuals with a less severe nightmare disturbance in par-
ticular. Other factors that merit investigation as moderators 
of treatment outcome are engagement in treatment, including 
compliance with homework assignments, symptom chronic-
ity, cognitive functioning,50 and, with IR + CBT-I, charac-
teristics of the nightmare targeted for rescripting. Treatment 
duration should be optimized, and consideration given to add-
ing booster sessions. Because the current trial enrolled only 
veterans with combat-related PTSD, it will be essential to 
seek to generalize our findings to other traumatized popula-
tions. Finally, continuing research into the pathophysiology of 
trauma-related nightmares, with translation of findings to the 
clinic, is essential.

ABBRE VI ATIONS

CAPS, Clinician-Administered PTSD Scale
CBT, cognitive behavioral therapy
CBT-I, cognitive behavioral therapy for insomnia



766Journal of Clinical Sleep Medicine, Vol. 15, No. 5� May 15, 2019

GC Harb, JM Cook, AJ Phelps, et al.� Imagery Rehearsal RCT

CDMRP, Congressionally Directed Medical Research 
Programs

CI, confidence interval
CMCVAMC, Corporal Michael J. Crescenz VA Medical 

Center
DRRI, Deployment Risk and Resiliency Inventory
DSM, Diagnostic and Statistical Manual of Mental Disorders
IR, imagery rehearsal
ITT, intention-to-treat
LR, likelihood ratio
NDQ, Nightmare Distress Questionnaire
NFQ, Nightmare Frequency Questionnaire
OEF, Operation Enduring Freedom
OIF, Operation Iraqi Freedom
OND, Operation New Dawn
OSA, obstructive sleep apnea
PCL-M, PTSD Checklist, Military Version
PSQI, Pittsburgh Sleep Quality Index
PSQI-A, Pittsburgh Sleep Quality Index Addendum
PTSD, posttraumatic stress disorder
RCT, randomized controlled trial
SD, standard deviation
TBI, traumatic brain injury
VA, Veterans Affairs
VACHS, Department of Veterans Affairs Connecticut 

Healthcare System
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