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Repetitive Traumatic Brain Injury (or Concussion) Increases Severity of Sleep
Disturbance among Deployed Military Personnel
Craig J. Bryan, PsyD, ABPP
National Center for Veterans Studies, Salt Lake City, UT

Study Objectives: Considerable research indicates that sleep disturbances and insomnia are more common and severe among individuals following
a traumatic brain injury (TBI). It remains unclear, however, how the experience of multiple TBIs affect sleep disturbances and insomnia. The current
study investigated the incidence and severity of insomnia and sleep complaints among active-duty military personnel who have sustained multiple TBIs.
Design and Setting: Upon intake at a military TBI clinic located in Iraq, 150 male military patients completed standardized self-report measures
and clinical interviews.
Measurements and Results: Patients were categorized into three groups according to history of TBI: zero TBIs (n = 18), single TBI (n = 54),
multiple TBIs (n = 78). Rates of clinical insomnia significantly increased across TBI groups (P < 0.001): 5.6% for no TBIs, 20.4% for single TBI, and
50.0% for multiple TBIs. Insomnia severity significantly increased across TBI groups even when controlling for depression, posttraumatic stress
disorder, and concussion symptom severity (B = 1.134, standard error = 0.577, P = 0.049).
Conclusions: Multiple TBIs are associated with increased risk for and severity of sleep disturbance among male military personnel.
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INTRODUCTION
A traumatic brain injury (TBI) occurs when brain function
disruption occurs secondary to an external force, as indicated by
alteration or loss of consciousness, posttraumatic amnesia, neurologic deficits (e.g., dizziness, concentration problems), and/or
intracranial lesion, with severity (i.e., mild, moderate, severe)
determined by the presence and/or duration of each.1 Considered a signature injury of the Iraq and Afghanistan conflicts, TBI
is an issue of particular concern among military personnel due
to increased risk of exposure to concussive injuries secondary
to explosions and other military-related accidents (e.g., motor
vehicle accidents, falls), with recent estimates suggesting that
anywhere from 8-20% of military personnel who have deployed
to Iraq and Afghanistan may have sustained a TBI.2
TBI is associated with increased risk for a host of health
problems and consequences such as depression, anxiety, irritability, cognitive deficits, and functional impairment among
clinical, nonclinical, and military samples.3,4 Sleep disruption is
another common consequence of TBI3,4 that might result from
trauma-induced physical changes within the brain and/or exacerbation of comorbid conditions such as depression or anxiety.
In general, approximately half of individuals with TBI suffer
from some sort of sleep disturbance following a TBI, including
sleep maintenance, onset insomnia, and early morning awakenings,4-6 and one fourth had a diagnosed sleep disorder.4,7
Interestingly, mild TBI appears to be more strongly correlated
with increased likelihood of sleep disturbance than more severe
TBIs.5,7,8 The exact reasons for this pattern are not yet known,

although it has been proposed that differences in the nature of
injury (i.e., more diffuse injuries in milder TBIs) or recovery
patterns may contribute differentially to insomnia complaints;
alternatively, sleep problems might be reported less frequently
among individuals with more severe TBI because sleep issues
may be perceived as relatively less serious or problematic than
other neuropsychologic or cognitive sequelae of TBI.8 Because
most combat-related TBIs are rated as mild,9 it is possible that
rising insomnia rates among military personnel during the past
decade10 might be due in part to the increased incidence of mild
TBI, although increased rates of comorbid psychiatric and physical conditions including posttraumatic stress disorder (PTSD),
depression, and chronic pain might also play a role.
Although the association of TBI with sleep disturbance is well
established, to date there are limited data regarding the potential effect of repetitive or multiple TBIs on sleep disturbance.11
Multiple TBIs are of particular concern to military populations
given the likelihood of service members sustaining multiple injuries during the course of combat deployments. Hoge and colleagues,3 for instance, reported that 86.9% of soldiers reported
being in the vicinity of two or more explosions during a combat
deployment. Although the cognitive and psychologic sequelae
of blast-induced TBI are not yet fully understood, a recent study
found that TBI was diagnosed in 65.2% of military personnel
referred for a TBI evaluation following exposure to a blast or
explosion, and service members reported an average of two previous head injuries.12 In light of evidence that sleep disturbance
is an important risk factor for a host of health-related outcomes
including depression, anxiety disorders, cardiovascular disease,
immune suppression, and even suicide in both general population and military samples,13,14 understanding the possible link
between multiple TBIs and sleep disturbance is critical.
The primary aim of the current study was to investigate the
incidence and severity of insomnia symptoms by lifetime TBIs
in a clinical sample of deployed military personnel. We hypothesized that service members who had sustained multiple TBIs
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nal force that is indicated by new onset or worsening of at least
one of the following clinical signs immediately following the
event: (1) any period of loss of or decreased level of consciousness; (2) any loss of memory for events immediately before or
after the injury; (3) any alteration in mental state at the time of
the injury; (4) neurologic deficits that may or may not be transient; and (5) intracranial lesion.15

Table 1—Means and standard deviations of all variables (n = 150)
Insomnia
Lifetime TBIs
Depression
PTSD
Concussion

M
9.95
2.53
0.89
30.84
3.06

SD
2.53
2.79
0.84
14.16
2.75

Materials

TBI, traumatic brain injury; PTSD, posttraumatic stress disorder.

Insomnia Severity Index

The Insomnia Severity Index (ISI)16,17 is a seven-item self-report scale that assesses subjective symptoms of insomnia. Each
item is scored on a 0 to 4 scale, with the total score calculated
by summing the scores of each item, resulting in a range of 0
to 28. Higher scores indicate more severe levels of insomnia.
Among patients with TBI, self-reported ISI scores have been
validated by objective and physiologic measures of sleep.6 In
the current sample, 58 patients (36.0%) reported minimal insomnia (scores 0-7), 48 patients (29.8%) reported subthreshold
insomnia (scores 8-14), 43 patients (26.7%) reported moderate clinical insomnia (scores 15-21), and 12 patients (7.5%) reported severe clinical insomnia (scores 22-28). See Table 1 for
additional descriptive statistics. The internal consistency and
convergent validity of the ISI are very good.

would have increased likelihood and severity of sleep disturbance and clinical insomnia, even when controlling for other
common psychologic and concussion-related symptoms. We
further sought to explore which type of sleep disturbances best
differentiated TBI subgroups.
METHODS
Participants
Participants included 157 military personnel and four civilian contractors (n = 161) referred to an outpatient TBI clinic
located at a combat support hospital in Iraq. Because of the extreme imbalance in sex distribution (93.2% male, n = 150), we
included only male patients for the current study. Participants
were predominantly Caucasian (70.7%), in the Army (79.3%),
and had been in the military approximately 6.57 y (standard
deviation [SD] = 5.47, range: 0.75 to 29.0 y). Rank distribution
was primarily junior enlisted (E1-E4: 55.3%) and noncommissioned officer (E5-E6: 31.1%). Participants had deployed zero
to six times previously (mean = 0.79, SD = 1.06), and ranged in
age from 19 to 56 y (mean = 27.45, SD = 7.08).

Depression Subscale of the Behavioral Health Measure

The Depression subscale of the Behavioral Health Measure
(BHM)18 is a six-item self-report scale that assesses symptoms
of depression. Each item is scored on a 0 to 4 scale, with the total score calculated as the mean score of the six items, resulting
in a scale score range of 0 to 4. Higher scores indicate greater
health (i.e., less depression), although for ease of interpretation
in the current study, the depression scores were reverse-keyed
such that higher scores indicated more severe depression. In the
current sample, 103 patients (65.6%) had scores in the normal
or minimal range (0-1.16), 14 patients (8.7%) scored in the “at
risk” range (1.17-1.38), and 44 patients (27.3%) scored in the
clinical range (1.39-4.00). See Table 1 for additional descriptive statistics. The internal consistency and convergent validity
of the Depression subscale are very good.19

Procedures
Data were collected in an outpatient TBI clinic located in
central Iraq. Patients were referred to the TBI clinic for evaluation and treatment of possible head injuries. Upon arrival at the
clinic, patients underwent a standardized intake evaluation that
included computerized neurocognitive testing, psychologic and
physical health questionnaires, a clinical interview conducted by
a clinical psychologist, and a physical examination by a physician, information that was used to plan and coordinate subsequent treatment. As a part of their clinical interviews, patients
were asked to report the number of previous head injuries that
were sustained during their deployment and the number that were
sustained prior to their deployment (whether occurring prior to
or during military service). Only previous head injuries that met
criteria for a diagnosis of TBI were recorded. Clinical data were
stored in a clinic database and then deidentified prior to analysis.
Study approval was obtained from the Brooke Army Medical
Center Institutional Review Board, the U.S. Army Medical Research and Material Command’s Office of Research Protection,
and the Multi-National Force-Iraq Institutional Official.

Posttraumatic Stress Disorder Checklist

The Posttraumatic Stress Disorder Checklist (PCL)20,21 is
a 17-item self-report scale that assesses symptoms of PTSD.
Each item is scored on a 1 to 5 scale, with the total score calculated as the sum of each item, resulting in a range of 17 to
85. Higher scores indicate more severe PTSD symptoms, with
a cutoff score of 50 established as optimal for a diagnosis of
PTSD in clinical samples. In the current study, 21 participants
(13.0%) scored above this recommended cutoff score. See
Table 1 for additional descriptive statistics. The internal consistency and validity of the PCL are very good.
Military Acute Concussion Evaluation

TBI Diagnosis
TBI diagnoses were made by a licensed clinical psychologist
and defined as a traumatically induced structural injury and/or
physiologic disruption of brain function as a result of an exterSLEEP, Vol. 36, No. 6, 2013
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Table 2—Intercorrelations of all variables (n = 150)
Insomnia
Lifetime TBIs
Depression
PTSD
Concussion

Insomnia
–
0.26a
0.73a
0.65a
0.60a

Lifetime TBIs

Depression

PTSD

Concussion

–
0.32a
0.34a
0.39a

–
0.77a
0.61a

–
0.60a

–

*P < 0.01; TBI, traumatic brain injury; PTSD, posttraumatic stress disorder.

ing, irritability, visual disturbances, ringing in the ears, and other)
currently being experienced by the respondent. Each symptom is
dichotomously scored as either present or absent. Total number
of symptoms is summed to provide an overall metric of concussion symptom severity, with higher scores indicating more severe
concussion symptomatology. In the current study, participants reported a range of 0 (n = 36, 22.4%) to 10 (n = 3, 1.9%) concussion symptoms. See Table 1 for additional descriptive statistics.

scores according to a predetermined ISI score of 14, which
has been recommended as the optimal cutoff for a diagnosis
of clinical insomnia, and then conducted chi-square analyses
by TBI group. Results indicated that the likelihood of clinical
insomnia significantly increased by TBI group (χ2 (2) = 19.859,
P < 0.001, Φ = 0.364): 5.6% of those with no TBIs, 20.4% of
those with a single TBI, and 50.0% of those with multiple TBIs.
To determine differences in the severity of onset insomnia,
maintenance insomnia, and early morning awakening by TBI
group, we used the first three items of the ISI, which asked patients to rate the past week severity of insomnia problem(s) in
the following areas on a scale of 0 (none) to 4 (very severe):
difficulty falling asleep (i.e., onset insomnia), difficulty staying
asleep (i.e., maintenance insomnia), and waking up too early
(i.e., early morning awakening). We dichotomized responses
using a predetermined cutoff of score of 2 (moderate) or higher
to indicate a positive report of each complaint. As displayed
in Table 4, the frequency of patients reporting each type of
sleep disruption increased in frequency with number of TBIs:
onset insomnia (no TBI: 16.7%, single TBI = 48.1%, multiple
TBI = 66.7%; χ2 (2) = 15.449, P < 0.001, Φ = 0.330), maintenance insomnia (no TBI: 22.2%, single TBI: 36.5%, multiple
TBIs: 68.6%; χ2 (2) = 18.957, P < 0.001, Φ = 0.368), and early morning awakening (no TBI: 16.7%, single TBI = 36.5%,
multiple TBIs: 58.6%; χ2 (2) = 12.552, P = 0.002, Φ = 0.299).
Results indicated that, in general, approximately two to three
times as many patients with a single TBI than zero TBIs reported moderate to severe levels of each type of sleep disturbance,
and approximately 1.5 times as many patients with multiple
TBIs than with a single TBI reported moderate to severe levels
of each type of sleep disturbance.

Statistical Analyses
Analyses were conducted to investigate the associations among
lifetime TBIs and insomnia while controlling for other clinical
symptoms. Participants were classified into three groups according to number of lifetime TBIs: zero, one, or multiple (i.e., two
or more). Generalized linear regression with robust estimation
was then used to determine the association of lifetime TBIs with
insomnia severity above and beyond the effects of depression,
PTSD, and concussion symptom severity. Pairwise comparisons
of mean scores according to TBI group were then conducted to
compare insomnia severity scores according to TBI group.
RESULTS
Means, SD, and intercorrelations of predictor variables are
reported in Tables 1 and 2. Total number of lifetime TBIs
was significantly correlated with more severe insomnia
(r = 0.26, P = 0.001), depression (r = 0.32, P < 0.001), PTSD
(r = 0.34, P < 0.001), and concussion (r = 0.39, P < 0.001)
symptom severity. As would be expected, symptom scores
were highly intercorrelated with one another (r > 0.60,
P < 0.001). The total number of lifetime TBIs ranged from 0
to 19 (mean = 2.53, SD = 2.83, median = 2.00). Eighteen patients (12.0%) had never experienced a TBI during their lifetime, 54 (36.0%) had experienced one lifetime TBI, and 78
(52.0%) had experienced two or more lifetime TBIs. Sample
descriptors by TBI group are displayed in Table 3. As can be
seen, there were minimal differences between groups on most
demographic variables, although the single TBI group had a
greater proportion of Air Force personnel and the zero TBI
group had a greater proportion of African American personnel. Because these between-group differences did not affect
outcomes, however, reported results are for analyses without
race included as a covariate.

Does the Severity of Insomnia Symptoms Increase with
Number of TBIs?
Next, to determine if TBI group accounted for increased
severity of insomnia above and beyond the effects of cooccurring psychologic and concussion symptoms, regression
analyses were conducted in two steps. In the first step, TBI
group was entered as a sole predictor of insomnia severity,
resulting in a statistically significant relationship (B = 4.913,
standard error [SE] = 0.669, P < 0.001) indicating that insomnia severity increased across TBI group severity: no
TBIs (mean = 4.06, SD = 4.67), single TBI (mean = 7.83,
SD = 6.70), and multiple TBIs (mean = 12.62, SD = 7.02; see
Figure 1). Pairwise comparisons revealed that patients with
multiple TBIs had significantly more severe insomnia than
patients with zero TBIs (P < 0.001) or a single TBI (P < 0.001),

Does the Incidence of Clinical Insomnia and Specific Sleep
Disturbance Increase in Frequency with Number of TBIs?
To determine if the incidence of clinical insomnia increased
with greater number of lifetime TBIs, we dichotomized ISI
SLEEP, Vol. 36, No. 6, 2013
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Table 3—Group differences in demographic and clinical variables
No TBIs (n = 18)

Single TBI (n = 54)

Multiple TBI (n = 78)

n (%)

n (%)

n (%)

χ2

P

10 (55.6)
7 (38.9)
1 (5.6)
0 (0.0)
0 (0.0)

35 (67.3)
9 (17.3)
8 (15.4)
0 (0.0)
0 (0.0)

61 (78.2)
7 (9.0)
5 (6.4)
4 (5.1)
1 (1.3)

17.312

0.027

17 (94.4)
1 (5.6)
0 (0.0)
0 (0.0)

35 (64.8)
13 (24.1)
4 (7.4)
2 (3.7)

67 (85.9)
5 (6.4)
4 (5.1)
2 (1.3)

13.156

0.014

12 (66.7)
5 (27.8)
1 (5.6)
0

26 (50.0)
22 (42.3)
2 (3.8)
2 (1.4)

45 (59.2)
20 (26.3)
5 (6.6)
6 (7.9)

6.193

0.626

M (SD)
27.06 (6.85)
6.41 (5.39)
0.50 (1.03)

M (SD)
27.31 (7.03)
6.80 (5.42)
0.90 (1.03)

M (SD)
28.04 (7.64)
6.43 (5.45)
0.79 (1.08)

F
0.195
0.067
0.852

P
0.823
0.936
0.429

3.00 (3.63)
18.81 (2.46)
0.29 (0.36)
0.75 (1.73)

7.48 (6.53)
26.79 (11.28)
0.60 (0.69)
2.31 (2.28)

12.96 (7.03)
36.26 (15.56)
1.25 (0.92)
4.23 (2.71)

19.427
14.367
14.095
16.619

< 0.001
< 0.001
< 0.001
< 0.001

Race
Caucasian
African American
Hispanic
Asian/Pacific
Other
Branch
Army
Air Force
Marines
Civilian
Rank
E1-E4
E5-E6
E7-E9
Warrant/Officer
Age
Years of service
No. of deployments
Symptom scores
ISI
PCL
BHM depression
Concussion

BHM, Behavioral Health Measure; F, ISI, Insomnia Severity Index; M, mean; PCL,Posttraumatic Stress Disorder Checklist; SD, standard deviation.

Table 4—Proportion of patients reporting moderate or higher severity of onset insomnia, maintenance insomnia, and early morning awakening by TBI group
Onset
Maintenance
Early awakening

No TBI (n = 18)
16.7%
22.2%
16.7%

Single TBI (n = 52)
48.1%
36.5%
36.5%

χ2
15.449
18.957
12.552

P
< 0.001
< 0.001
0.002

DISCUSSION
Results of the current study were consistent with expectations that multiple TBIs are associated with increased incidence
of clinical insomnia and severity of sleep disturbance. As compared with patients with no history of TBI (5.6%), approximately four times as many patients with a single TBI (22.4%)
and 10 times as many patients with multiple TBIs (47.6%) exceeded the threshold for clinical insomnia. The rates of insomnia among our zero TBI and single TBI groups are consistent
with prior studies on prevalence rates of insomnia, which are
estimated to range from 6-10% of the general population23,24
and 25-29% of patients with TBI,4 although no studies estimating the prevalence of insomnia among patients with multiple
TBIs were identified.
Consistent with previous research,4 all three types of sleep
disturbances investigated—i.e., onset insomnia, maintenance
insomnia, and early morning awakening—also increased in fre-

and patients with a single TBI had significantly more severe
insomnia than those with zero TBIs (P = 0.039). In the second step, PTSD, depression, and concussion symptoms were
entered into the regression equation as covariates. Results
indicated that TBI group remained a significant predictor of
insomnia severity (B = 1.134, SE = 0.577, P = 0.049) above
and beyond the effects of depression (B = 3.675, SE = 0.741.
P < 0.001), PTSD (B = 0.100, SE = 0.050, P = 0.044), and
concussion (B = 0.513, SE = 0.199, P = 0.010) symptom
severity. Pairwise comparisons revealed that patients with
multiple TBIs had significantly more severe insomnia than
patients with no TBIs (P = 0.045), but not patients with a
single TBI (P = 0.249). Patients with a single TBI also did
not significantly differ from those with zero TBIs (P = 0.206).
Depression, PTSD, and concussion symptom severity therefore explained some of the differences in insomnia severity
between TBI groups.
SLEEP, Vol. 36, No. 6, 2013
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quency and severity across TBI groups. Prior research has indicated that sleep maintenance is a more commonly reported sleep
complaint than onset insomnia and early morning awakening
among individuals with TBI,5,24 although these studies did not
control for total number of lifetime TBIs. In the current study,
onset insomnia was reported with somewhat greater frequency than maintenance insomnia and early morning awakening
among service members with a single TBI, but all three types
of sleep disturbance occurred with relatively equal frequency
among patients with multiple TBIs. We additionally found that
onset insomnia best differentiated patients with any number of
TBIs (i.e., one or multiple TBIs) from those with no TBIs, but
maintenance insomnia best differentiated multiple TBI patients
from single TBI patients. Results suggest that different types
of sleep complaints might be differentially related to number
of TBIs. Specifically, onset insomnia might be most vulnerable
to disruption following a first TBI, and maintenance insomnia
might intensify following an additional TBI. Further studies are
needed to replicate these findings and to better understand how
different types of sleep disturbance might be differentially related to history of TBIs.
Results of our regression analyses indicated that number
of lifetime TBIs is a significant predictor of overall insomnia
severity, and remained a robust predictor even when controlling for depression, PTSD, and concussion symptom severity,
suggesting that number of TBIs is an important risk factor for
sleep disturbance among military personnel. Given that sleep
disruption is associated with slowed recovery and continued
functional impairment following TBI,26 and could potentially
exacerbate psychiatric problems, memory, mood, behavior, and
social functioning,27 these results suggest that recovery might
be delayed or attenuated among military personnel who have
sustained multiple TBIs relative to those who have sustained a
first TBI. From a clinical perspective, this suggests that targeting sleep disturbance might be an important early intervention
for patients who have sustained a second (or subsequent) TBI.
Preliminary evidence suggests that sleep outcomes improve
with cognitive-behavioral treatment for insomnia among patients with TBI,6,7,28 although the effect of these sleep-related
outcomes on more global TBI recovery has not been thoroughly
tested. Future studies might investigate early sleep interventions as a potential active ingredient for rapid and full recovery
from TBI.
Several limitations to the current study warrant discussion.
First, our study was limited to a clinical sample of military
personnel deployed to Iraq at the time of their index injury or
exposure. Generalizability to the broader military must therefore be made with caution, because we are unable to draw any
conclusions about how multiple TBIs affect the sleep of military personnel who do not present for treatment. Related to this
limitation is our cross-sectional design, which limits our ability to determine directionality of the relationship among sleep
complaints and TBI. It is possible, for instance, that military
personnel with insomnia are more vulnerable to neurologic
disruptions following head injury. Longitudinal studies will be
required to better tease apart the temporal relationship between
TBI and sleep disturbance. Our use of self-report methodology
might also introduce response bias that might affect conclusions. Although previous studies have found a high correlation
SLEEP, Vol. 36, No. 6, 2013
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Figure 1—Mean insomnia scores (with 95% confidence intervals), by
traumatic brain injury (TBI) group. Group differences in ISI scores are as
follows: 0 < 1 < 2. ISI, Insomnia Severity Index.

among self-report and objective methods for assessing sleep
disruption, recall bias specific to describing and recounting past
instances of TBI could be a limitation. Despite these limitations, the current study provides useful information about subpopulations of patients who have experienced a TBI, and the
importance of considering multiple TBIs as a unique risk factor
for sleep disturbance.
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