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A B S T R A C T

Objective: Sleep disturbance crosscuts post-traumatic stress disorder (PTSD) and traumatic brain injury (TBI).
Though previous cross-sectional findings demonstrate a compounding effect of PTSD and TBI comorbidity,
relatively little is known about the longitudinal trajectory of sleep-related complaints in veterans with TBI
history and current PTSD symptoms. In this study, we explored patterns and predictors of sleep complaints in a
sample of combat veterans with and without TBI and PTSD.
Methods: Secondary analysis of data gathered during a longitudinal study of U.S. veterans of Operations
Enduring and Iraqi Freedom (OEF/OIF) with and without TBI. Data from a subsample of 291 participants with
sleep self-report data were analyzed using multinomial logistic regression logit testing and linear mixed models.
Results: Over an 18-month period, we observed an average 23–28% reduction in sleep symptoms in our sample
as measured by two proxy scales, with the bulk of change (12–14% overall reduction) detected at the first six-
month follow-up assessment. TBI history emerged, overall, as the most prominent predictor of worse general
sleep symptoms, though baseline PTSD and pain status also demonstrated an association with worse sleep
symptoms.
Conclusion: Whereas changes in PTSD symptoms over time were associated with worsening sleep symptoms,
improvement in sleep reports was most consistently predicted by the passage of time. Our data also provide
preliminary support for using three-to-four core items (i.e., trouble sleeping, changes in sleep, fatigue, and
nightmares) to screen for sleep complaints in veterans with TBI and PTSD and/or track sleep-related outcomes.

1. Introduction

Sleep complaints are among the most common concerns noted in
returning veterans of Operations Enduring and Iraqi Freedom (OEF/
OIF) [1–3]. Complaints consistent with insomnia include nonrestorative
sleep, difficulty initiating and/or maintaining sleep, early waking, and
daytime fatigue, which can each contribute to functional impairment
and decrements in quality of life [4]. Insomnia is associated with
significant morbidity and mortality and is also a predictor of depression
[5] and suicidal thoughts and behaviors [6–8]. Though insomnia has
been linked to combat deployment itself [9], sleep disturbance cross-
cuts numerous physical and mental health conditions, including those
identified as “signature wounds” [10] of recent conflicts.

Sleep disturbance is highly common in individuals with history of
traumatic brain injury (TBI), with prevalence rates as high as 84% in
this population [11]. As a frequent post-concussion symptom, sleep
disturbance is linked to both the acute pathoetiology of the TBI [11–13]
as well post-injury mental health [14]. Chronic complaints of insomnia
are often associated with milder injuries (mTBI), and blended with
other precipitating (e.g., emotional trauma, pain) as well as perpetuat-
ing factors (e.g., general life stress, older age, female gender, co-morbid
pain and depression). Each of the aforementioned factors are sepa-
rately, and in combination, significantly associated with poorer psy-
chosocial outcomes [13,15]. Sleep disruption, often in the form of
insomnia, has been documented decades after injury, with persistent
sleep problems significantly associated with poorer psychosocial out-
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comes [11,16].
Sleep disturbance is also a feature of post-traumatic stress disorder

(PTSD), manifested in both intrusion symptoms (distressing dreams/
nightmares) and marked changes in arousal and reactivity (insomnia)
[17–18]. Notwithstanding that sleep-related difficulties have been
widely reported among OEF/OIF veterans, Pietrzak et al.'s [9] work
demonstrated that reports of daytime dysfunction, sleep inefficiency,
nighttime sleep disturbance, lowered overall sleep quality, and sleep
latency are even more pronounced in combat veterans with PTSD.
Among 80 recent combat veterans with clinical or subthreshold PTSD,
Pigeon and colleagues found that insomnia was associated with more
severe PTSD and depression over a 6-month period [19].

Comorbidities compound sleep challenges [20–21]. The triad of TBI,
PTSD, and chronic pain are associated with more severe sleep com-
plaints and daytime fatigue [22]. Indeed, studies of polytrauma patients
[22–23] have demonstrated that sleep complaints are even more
prevalent than in TBI or PTSD cases alone. Despite these cross-sectional
findings, relatively little is known about the longitudinal trajectory of
sleep-related complaints in veterans with both a TBI history and current
PTSD symptoms. Therefore, the present study seeks to investigate the
pattern of sleep complaints in a sample of OEF/OIF combat veterans
with and without history of TBI and PTSD. As secondary aims, patient
factors that may contribute to sleep disturbance were also explored, as
was the value of using three-to-four core sleep items (i.e., trouble
sleeping, changes in sleep, fatigue, and nightmares) to track sleep-
related outcomes in veterans with TBI history and PTSD.

2. Method

This is a secondary analysis of data gathered during a longitudinal
study of OEF/OIF veterans with and without TBI described in detail
elsewhere [24]. Data were collected from five Department of Veterans
Affairs (VA) medical centers and one community-based outpatient
clinic in Upstate New York, with each site's participation approved by
both an Institutional Review Board (IRB) and Research and Develop-
ment Committee. All participants are protected by a National Institute
of Mental Health Certificate of Confidentiality.

2.1. Participants

The sample for the parent study included 500 OEF/OIF veterans
residing in urban, suburban, and rural areas across Upstate New York
recruited from clinical referrals for polytrauma or neuropsychology as
well as a local registry of OEF/OIF veterans. Efforts were made to
oversample women veterans and veterans of minority backgrounds
with facilitation and consultation by a Minority Affairs Coordinator.
Participation involved four study visits spaced at six-month intervals
(baseline [T1], 6-month [T2], 12-month [T3] and 18-month [T4]
assessments). Informed consent was obtained from each participant
after study procedures were explained, and participants were compen-
sated for their time and travel. The current study is focused on the
subsample of 291 participants who had relevant sleep data available
beginning with T1.

2.2. Measures

2.2.1. Structured diagnostic interview for TBI
A 22-item clinical interview was developed for the parent study and

administered by neuropsychologists at each study site to establish the
diagnostic presence and severity of TBI among participants [24].
Interview outcomes included the likelihood (positive injuries were
rated as “very likely” or “almost certainly”) of having sustained a TBI
and the severity (mild, moderate, severe) of TBI events.

2.3. Behavioral measures

2.3.1. Alcohol Use Disorder Identification Test- consumption questions
(AUD-C)

The AUD-C [25] is a 3-item self-report of alcohol consumption.
Scores range from 0 to 12, with scores greater than or equal to 3
(women) [26] or 4 (men) [27] indicative of the likelihood of hazardous
drinking. Higher scores suggest a greater likelihood of alcohol con-
sumption impacting personal health.

2.3.2. Beck Depression Inventory-II (BDI-II)
The BDI-II [28] is a 21-item self-report of cognitive, affective, and

somatic symptoms of depression rated on a scale of 0 to 3. Higher item
ratings corresponding to more severe symptoms.

2.3.3. Neurobehavioral Symptom Inventory (NSI)
The NSI [29], an often used TBI outcome measure, is a 22-item self-

report designed to track subjective post-concussive symptoms over
time. Respondents rate items on a 0 (none/not at all) to 4 (very severe)
scale. Example affective, somatosensory, and cognitive symptoms
include poor frustration tolerance, sensitivity to light, and poor
concentration.

2.3.4. Pain intensity numeric rating scale
A 0–10 rating of average pain intensity on most days, where scores

of 0 indicate no pain, and a score of 10 signifying the worst pain ever
experienced [30]. Scores of 1–3 typically correspond to “mild” pain,
scores of 4–6 indicate “moderate” pain, and scores of 7–10 indicate
“severe” pain.

2.3.5. PTSD Checklist-Military version (PCL-M)
The PCL-M [31] is a 17-item self-report survey of PTSD symptoms

based on DSM-IV diagnostic criteria. Items pertaining to common re-
experiencing, avoidance, and hyperarousal symptoms are rated on a 5-
point scale ranging from 1 (not at all) to 5 (extremely). A conservative
cutoff score ≥ 50 signified probable PTSD [32].

2.4. Sleep measures

2.4.1. Insomnia Severity Index (ISI)
The ISI [33] is a 7-item self-report of insomnia symptoms. Respon-

dents rate items on a 5-point scale ranging from 0 to 4 (maximum total
score is 28), with a rating of 4 representing the most severe symptoms.
The total ISI score can be categorized as no (0–7), mild (8–14),
moderate (15–21) and severe (22–28) insomnia. An ISI score of 10 is
a validated cutoff for clinically meaningful insomnia when 0–4 scaling
is used for the ISI [34–35]. Both categorical and clinical cutoffs were
used in respective analyses.

2.4.2. 3- and 4-Item sleep disturbance scales
Because the ISI was administered at T2–T4, but not at T1, two proxy

sleep scales were constructed to allow tracking of sleep disturbance
across all study time points. We rationally constructed two sleep
disturbance scales using sleep-related items from the other self-report
instruments in the study. This included BDI-II Item 16 (changes in
sleeping pattern), NSI Item 17 (fatigue/loss of energy/getting tired
easily), and Items 2 and 13 from the PCL-M (repeated disturbing
dreams; trouble falling or staying asleep). The three-item scale excludes
PCL-M nightmare item. PCL-M sleep items were recoded from ratings of
1–5 to 0–4; BDI-II and NSI items retained 0–3 and 0–4 ratings,
respectively. Total allowable sleep disturbance scale scores ranged
from 0–11 (3-item) to 0–15 (4-item), with higher scores corresponding
to greater overall severity of sleep complaints.
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