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Do Sleep Problems Mediate the Relationship between Traumatic Brain Injury
and Development of Mental Health Symptoms after Deployment?
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Study Objectives: Military members screening positive for blast-related traumatic brain injury (TBI) may subsequently screen positive for posttraumatic stress disorder (PTSD) or depression. The role of sleep as a mediating factor in the development of mental health symptoms was explored.
Design: Prospective study with symptoms evaluated at two time points.
Setting: Postdeployment service in Iraq, Afghanistan, or Kuwait during 2008 and 2009.
Participants: There were 29,640 US Navy and Marine Corps men (29,019 who did not screen positive for PTSD at baseline, 27,702 who did not
screen positive for depression at baseline, and 27,320 who did not screen positive at baseline for either condition).
Measurements and Results: After controlling for sleep problems, the adjusted odds of receiving a positive PTSD screening at follow-up decreased
from 1.61 (95% confidence interval [CI] 1.21–2.14) to 1.32 (95% CI 0.99–1.77) for a subject screening positive for TBI relative to a subject screening
negative, suggesting that sleep problems mediated 26% of TBI’s effect on development of PTSD. Likewise, after controlling for sleep problems,
the adjusted odds of receiving a positive depression screening decreased from 1.41 (95% CI 1.11–1.80) to 1.15 (95% CI 0.90–1.47), suggesting
that sleep problems mediated 41% of TBI’s effect on development of depression. Results were similar for those with either PTSD or depression
(37% mediated).
Conclusions: These results suggest that sleep problems mediate the effect of a positive TBI screening on the development of mental health
disorders, and sleep problems may be an early indicator of risk for PTSD or depression.
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INTRODUCTION
Traumatic brain injury (TBI), posttraumatic stress disorder
(PTSD), and depression are common occurrences for military
personnel returning from deployment to Kuwait, Iraq, or Afghanistan in support of Operation Iraqi Freedom and Operation Enduring Freedom (OIF/OEF). These injuries are often the
result of the type of combat to which these individuals are exposed, including explosive devices. Although physical trauma
associated with combat is easy to document, diagnose, and treat,
neurologic sequelae and psychologic trauma are difficult to assess, partly because the diagnosis relies on symptom reporting.
However, symptoms may appear insignificant in contrast to the
other injuries incurred by that person, or the diagnosis may not
yet be identified because some symptoms are not immediately
present and may appear gradually over subsequent weeks or
months. Because TBI, PTSD, and depression have some overlapping symptoms, it is not clear if the presence of one condition is a precursor to another or how the symptoms may interact
with each other.
Sleep problems are common during and after deployment. A
review of an Internet-based study of more than 30,000 military
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men and women found that sleep problems were more common
among those with current or recent deployments than among
those who were not deployed.1 Another study, which used a 21item Military Deployment Survey of Sleep, found that almost
75% of active-duty Air Force members (n = 156) rated their
quality of sleep as worse while deployed than in their home environment.2 Furthermore, there is evidence that the presence of
even mild TBI, which may occur during deployment, can affect
sleep patterns and quality.3-5
The health of military service members who have been
deployed is routinely monitored by screening tools assessing
TBI, PTSD, and depression as well as by instruments measuring related symptoms. These screening tools are administered
immediately after deployment and again several months later
to monitor long-term health effects. Studies of these screening
tools and symptoms allow tracking of sleep problems and other
symptoms over time. However, the course of these symptoms
that may lead to diagnosis of TBI, PTSD, or depression is complicated. One of the most prevalent complaints has concerned
sleep, especially in the case of mild TBI.5 Trouble falling or
staying asleep is a common symptom that occurs with TBI,
PTSD, and depression, but its role in causation is unclear. There
is evidence that long-standing sleep problems (e.g., insomnia)
prior to trauma may lead to psychiatric disorders including depression and anxiety.6 It has also been suggested that symptoms
related to sleep problems may co-occur with other cognitive
and mental disorders.7-9
Although numerous studies have concluded that sleep problems are a frequent consequence of TBI, few have related these
sleep problems to mental health outcomes among military service members, and no known studies have attempted to quantify potential indirect effects.5,10-13 By evaluating sleep problems
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and potential TBI immediately after deployment and PTSD and
depression several months later, the ability to describe potential
causal mechanisms will be further enhanced. This study tested
whether sleep problems significantly mediated the relationship
between TBI and the development of PTSD and/or depression
using standardized questionnaires administered to all service
members after return from deployment.
METHODS
Study Population and Data Sources
Male Navy and Marine Corps personnel who returned from
an OIF/OEF deployment in 2008 or 2009 and completed a
Post-Deployment Health Assessment (PDHA) and associated
Post-Deployment Health Reassessment (PDHRA) were selected for inclusion in the study sample. The PDHA is a brief
self-report questionnaire administered to all military personnel at deployment end. The PDHRA is similar in format and
content but is administered approximately 3 to 6 mo after the
end of deployment. Developed by the Department of Defense,
both assessments aim to characterize service members’ current
health, identify possible deployment-related occupational and
environmental exposures, and provide service members with an
opportunity to discuss health concerns with a trained healthcare
provider. Completed PDHA and PDHRA records were obtained
from the US Navy’s Electronic Pre- and Post-Deployment
Health Assessment Database. A PDHRA was considered to be
associated with a PDHA if the date of administration was at
least 30 but no more than 365 days after the date of the PDHA.
Because some service members had completed several assessments, in the event that more than one PDHRA met the criteria,
the first PDHRA was selected. Female service members were
excluded because they are believed to be at decreased risk of incurring a TBI due to combat duty restrictions. Were female service members to be included, only 32 female service members
in the potential sample screened positive for TBI on the PDHA
(1.7%), severely limiting our ability to conduct meditation analyses among women in this population. For the purpose of this
study, OIF/OEF deployment was defined as having received
hazardous duty pay while deployed for more than 30 days in
Afghanistan, Iraq, or Kuwait. To exclude prolonged duty station changes to regions deemed hazardous, deployments lasting
longer than 18 mo were not considered for inclusion. Hazardous duty pay and deployment start and end dates were verified
using information obtained from the Defense Manpower Data
Center (Monterey, CA).
TBI on the PDHA
Beginning in January 2008, a revised version of the PDHA
containing additional questions on TBI was introduced. On the
electronic assessment, service members were asked to respond
yes or no to having experienced a blast or explosion, vehicular accident/crash, fragment wound or bullet wound above the
shoulders, fall, or other event such as a sports injury to the head
during deployment. After endorsement of at least one injury
item, service members were asked whether or not they immediately “lost consciousness or got ‘knocked out’,” “felt dazed,
confused, or ‘saw stars’,” or “didn’t remember the event.” In
accordance with guidance distributed to military healthcare

providers14 and established criteria,15 service members who reported having sustained a head injury and chose at least one of
the three alteration/loss of consciousness items were considered
to have screened positive for a potential TBI. The TBI screening included on the PDHA and PDHRA is a modified version
of the three-item Brief Traumatic Brain Injury Screen (BTBIS).
One study found that among those screening positive for probable TBI on the BTBIS, 83% provided information consistent
with mild TBI at a follow-up interview conducted by a trained
specialist and that this percentage did not increase significantly
when including the results of longer screening instruments in
conjunction with the BTBIS.16
Sleep on the PDHA
The PDHA asks service members to respond yes or no to
experiencing each of 24 symptoms at the time of the questionnaire. These symptoms include musculoskeletal, systemic, gastrointestinal, and mental health complaints. For the purpose of
this study, a service member response of yes to experiencing the
symptom described as “problems sleeping or still feeling tired
after sleeping” was assumed to indicate postdeployment sleep
problems. This single item aims to capture problems related to
both quantity and quality of sleep, although distinction between
the two issues is not possible given the nature of the measure.
Researchers have noted that future inclusion of a more detailed
instrument for identifying sleep problems post-deployment
would have merit.17
PTSD on the PDHRA
An abbreviated screening instrument known as the fouritem Primary Care PTSD screen (PC-PTSD) is included on the
PDHA and PDHRA. To increase the relevance of the four-item
PC-PTSD among a military population, the original stem was
adapted to read “Have you ever had any experience that was
so frightening, horrible, or upsetting that, in the past month,
you…” By referring to a specific traumatic experience and
stipulating a 1-mo time frame, the adapted stem is expected to
have increased likelihood of identifying current PTSD cases.
For the purpose of this study, service members received a positive PTSD screening if they answered yes to at least three of
the four questions about having experienced symptoms related
to the four dimensions of PTSD (re-experiencing, numbing,
avoidance, and hyperarousal).18,19 The four-item PC-PTSD has
been validated among combat-exposed military service members, and the three-item cutoff is known to have reasonable
screening properties with a sensitivity of 0.78 and a specificity
of 0.87.20,21 To focus on the development of PTSD, rather than
the persistence, service members screening positive for PTSD
on the PDHA were excluded from all analyses for which PTSD
screening results on the PDHRA were the outcome of interest.
Depression on the PDHRA
Both the PDHA and the PDHRA assessments contain a
two-item depression screen derived from the validated Patient
Health Questionnaire.22 Based on identified constructs of depression, the screening instrument assesses the amount of time
in the past mo a service member was bothered by “little interest
or pleasure in doing things” (anhedonia) and “feeling down,
depressed, or hopeless” (depressed mood). A response of “more
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than half the days” or “nearly every day” to either item resulted in a positive screen for potential depression. Similar to the
PTSD exclusion criterion, service members who screened positive for depression on the PDHA were not included in analyses
for which the outcome of interest was potential depression on
the PDHRA.
Demographic and Deployment-Related Variables
A categoric variable for military pay grade was created with
one category for all warrant and commissioned officers and
three categories representing junior, intermediate, and senior
enlisted personnel. Variables indicating service branch (Marine
Corps or Navy), service component (active duty or reserve),
and deployment location (Afghanistan, Kuwait, or Iraq) were
also obtained. From the PDHA, information was collected regarding age in years (younger than 25, 25–29, 30–34, 35–39,
or 40 and older) and combat exposure (three items specific to
the previous deployment asked service members to respond
yes or no to having (1) encountered dead bodies or seen people
killed or wounded, (2) engaged in direct combat where they
discharged a weapon, or (3) felt in great danger of being killed).
Length of deployment was analyzed as a categorical variable
with the effect of exceptionally long deployments examined
by comparing the fourth quartile of deployment length for the
entire sample (214 days or longer) to the three lesser quartiles.
Although it is recommended that the PDHRA be completed 3–6
mo after the completion of the PDHA, there was wide variation
in the actual time between assessments. For this reason, a variable representing the categorical number of days between questionnaires was created and used in the analyses (≤ 90, 91–120,
121–150, 151–180, > 180 days).
Statistical Analysis
Sleep problems, TBI screening results, and demographic and
deployment-related variables were tested for association with
mental health outcomes using chi-square tests. In testing the
mental health outcome of PTSD, all subjects who screened positive for PTSD on the PDHA were excluded. Similarly, all subjects who screened positive for depression on the PDHA were
excluded from depression analyses. When a positive PTSD or
depression screen was the outcome of interest, all subjects who
screened positive for either PTSD or depression on the PDHA
were excluded from the analyses. Additionally, the hypothesis
that sleep problems at baseline are associated with persistent
mental health complaints was examined using a chi-square test
to determine whether service members who screened positive
for mental health problems on the PDHA were more likely to
screen positive for the same problems on the PDHRA if they
also indicated sleep problems at the time of the PDHA.
A mediator is defined as a variable that accounts for all or part
of the relation between a predictor and an outcome.23 Unlike a
confounder, a mediator can be thought to represent an intermediate state through which the effects of an independent variable
are conferred to a dependent variable.24 Although a confounder
is frequently introduced into a model to provide an undistorted
estimate of the relationship between the independent and dependent variables, a mediator is introduced when interest lies in
both the direct and indirect effects of the independent variable
on the dependent variable. A statistically significant mediation

effect does not confirm causation, but it is frequently observed
when a predictor variable causes a mediator, which causes an
outcome. In examining mediation, we are making the assumption that sleep problems, although measured at the same time as
TBI, commonly develop after TBI. Because we are making this
assumption, throughout this article sleep problems will subsequently be considered to be an intermediary symptom hypothesized to represent a causal mechanism through which TBI could
potentially affect development of PTSD and/or depression. The
limitations of this assumption will be further addressed in the
discussion section.
To test our hypotheses that sleep problems mediate the development of PTSD, depression, and PTSD or depression following TBI, the steps for mediation outlined by Baron and Kenny23
were followed. In steps one and two, the associations of the
predictor with both the outcome of interest and the potential
mediator are independently tested. If both associations are significant, step three entails modeling the association between the
predictor and the outcome of interest while controlling for the
potential mediator. Mediation is said to occur when the coefficient for the predictor in the controlled model is significantly
reduced, relative to the coefficient obtained from the univariate
model excluding the mediator. The mediated or indirect effect
of a predictor on an outcome can traditionally be calculated as
the product of the regression coefficient relating the predictor to
the mediator in the univariate model and the coefficient relating
the mediator to the outcome in the multivariate model.
All mental health outcomes in this study were dichotomous
screening results; therefore, logistic regression models were
constructed and the appropriate procedures for mediation with
dichotomous dependent variables were followed.25 For each
of the three mental health outcomes, Models 1, 2, and 3 were
constructed. Model 1 regressed mental health outcomes onto
the TBI screening result variable. The resulting coefficient
(c) represents the total effect of TBI on the outcome of interest, and a significant c suggests the existence of an effect to
be mediated. Model 2 regressed sleep problems onto the TBI
screening result variable. The resulting Model 2 coefficient
(a), if significant, confirms the existence of a relationship between the mediator and the dependent variable. Model 3 regressed mental health outcomes onto both the TBI screening
result variable and sleep problems to obtain two coefficients
(c′ and b, respectively). If sleep problems are a significant mediator, a decrease should be seen from c to c′, and the indirect
effect of TBI screening results on mental health outcomes (ab)
should be different from zero. The Sobel test evaluates the
null hypothesis that ab = 0, denoting an insignificant indirect
effect of TBI on the mental health outcome of interest.26 In
logistic regression, however, comparing coefficients across
equations is problematic because independent and dependent
variables are measured on a different scale. Prior to testing for
the significance of mediation using the Sobel test, coefficients
were therefore standardized by multiplying each coefficient
by the standard deviation of the independent variable and dividing by the standard deviation of the dependent variable.27
Pay grade, service branch, service component, age, deployment location, combat experiences, deployment length, and
time between assessments were controlled in all logistic regression models.
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Table 1—Frequencies associated with new positive PTSD screening
(n = 29,019 men)
PTSD on PDHRA

Sleep on PDHA

Yes (n = 952) No (n = 28,067)
n (%)
n (%)
P value
255 (26.79) 2,685 (9.57) < 0.01

TBI on PDHA

63 (6.62)

641 (2.28)

< 0.01

Sleep and TBI on PDHA

26 (2.73)

193 (0.69)

< 0.01

Pay grade
Junior enlisted
Intermediate enlisted
Senior enlisted
Officer/Warrant officer

301 (31.62) 9,084 (32.37)
453 (47.58) 11,358 (40.47)
159 (16.70) 4,588 (16.35)
39 (4.10)
3,037 (10.82)

< 0.01

Service branch
Marine Corps
Navy

690 (72.48) 20,173 (71.87)
262 (27.52) 7,894 (28.13)

Service component
Active duty
Reserve

871 (91.49) 26,683 (95.07)
81 (8.51)
1,384 (4.93)

Deployment location
Afghanistan
Iraq
Kuwait

155 (16.28) 2,582 (9.20)
723 (75.95) 21,983 (78.32)
74 (7.77)
3,502 (12.48)

Age group, yr
Younger than 25
25–29
30–34
35–39
40 or older

517 (54.31) 15,520 (55.30)
204 (21.43) 5,493 (19.57)
83 (8.72)
3,086 (11.00)
83 (8.72)
2,334 (8.32)
65 (6.83)
1,634 (5.82)

Combat exposures
See dead
Direct combat
Feel in danger

300 (31.51)
91 (9.56)
327 (34.35)

4,000 (14.25) < 0.01
779 (2.78) < 0.01
3,272 (11.66) < 0.01

Long deployment, 214 days

317 (33.30)

7,258 (25.86) < 0.01

0.68

< 0.01

< 0.01

0.09

Time between assessments, days
< 0.01
≤ 90
131 (13.76) 5,043 (17.97)
91–120
324 (34.03) 11,017 (39.25)
121–150
134 (14.08) 4,794 (17.08)
151–180
101 (10.61) 2,608 (9.29)
> 180
262 (27.52) 4,605 (16.41)
PDHA, Post-Deployment Health Assessment; PDHRA, Post-Deployment
Health Reassessment; PTSD, posttraumatic stress disorder; TBI,
traumatic brain injury.

When the direct effect is not zero, the percentage of the total
effect that is mediated (ab/[ab + c′]) and the ratio of the indirect
to the direct effect (ab/c′) are two measures of the extent of
mediation. Although MacKinnon et al.28 conducted simulation
studies showing the limited stability of the percentage mediated
and the ratio of effects, both measures stabilized when replications were increased and should therefore be acceptable for use
in this large sample study.
RESULTS
A total of 55,047 Navy and Marine Corps service members
completed a PDHA and an associated PDHRA in 2008–2009.
Of these 55,047 sailors and Marines, assessments completed

by 29,640 male service members met the inclusion criteria and
825 (2.8%) screened positive for TBI on the PDHA. Relative
to service members who screened negative for TBI, those who
screened positive were more likely to report sleep problems on
the PDHA (36.7% versus 10.3%).
Among the 29,019 service members who did not screen positive for PTSD on the PDHA, 27% of those who screened positive for PTSD on the PDHRA had reported sleep problems on
the PDHA compared with fewer than 10% of those who did
not screen positive. Similarly, service members who screened
positive for TBI on the PDHA had an increased likelihood of
screening positive for PTSD on the PDHRA relative to those
who did not screen positive for TBI (6.6% and 2.3%, respectively) (Table 1). Only 4.1% of service members screening positive for PTSD on the PDHRA were officers relative to 10.8%
of those who screened negative. Additionally, reserve personnel and service members deployed to Afghanistan were significantly more likely to screen positive for PTSD on the PDHRA,
relative to active-duty personnel and those deployed to Iraq or
Kuwait. All three combat exposures were endorsed at a significantly higher rate among service members screening positive
for PTSD on the PDHRA (Table 1). Service members returning
from long deployments (≥ 214 days) and those completing the
PDHRA more than 180 days after the PDHA had an increased
likelihood of screening positive for PTSD (Table 1).
Sleep problems at baseline were determined to be associated
with the persistence of mental health problems within this sample. Among service members who screened positive for PTSD
on the PDHA, 47% of those who also reported sleep problems
on the PDHA went on to screen positive for PTSD again on the
PDHRA, relative to only 33% of those who did not report sleep
problems on the PDHA (P = 0.0002). Similarly, in the sample
of service members screening positive for depression on the
PDHA, depression symptoms were shown to persist, based on
PDHRA screening results, among 41% of those reporting sleep
problems relative to only 30% of those reporting no sleep problems (P < 0.0001) (results not shown).
Excluding Navy and Marine Corps personnel who screened
positive for depression on the PDHA, a sample of 27,702 men
was used to evaluate factors associated with a subsequent positive depression screen. Subjects screening positive for depression on the PDHRA were more likely to have reported sleep
problems on the PDHA (20.8%) and to have screened positive for TBI on the PDHA (4.5%) compared with those who
did not screen positive for depression on the PDHRA (8.2%
and 2.3%, respectively). Among those screening positive for
depression, a significantly higher percentage were junior and
intermediate enlisted personnel, Marines, service members
deployed to Iraq or Afghanistan, and subjects younger than
25 years compared with senior enlisted personnel, officers,
sailors, service members deployed to Kuwait, and older individuals (Table 2). All three combat exposures were reported at
a significantly higher rate among service members screening
positive for depression.
Navy and Marine Corps personnel who screened positive for
either PTSD or depression on the PDHA were excluded, leaving a sample of 27,320 male subjects to evaluate the association
of TBI and sleep problems with a subsequent positive PTSD or
depression screen on the PDHRA.
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Table 2—Frequencies associated with new positive depression screening
(n = 27,702 men)

Sleep problems
on the PDHA

Depression on PDHRA

Sleep on PDHA

Yes (n = 1,906) No (n = 25,796)
n (%)
n (%)
P value
396 (20.78) 2,115 (8.20) < 0.01

TBI on PDHA

85 (4.46)

586 (2.27)

< 0.01

Sleep and TBI on PDHA

37 (1.94)

167 (0.65)

< 0.01

Pay grade
Junior enlisted
Intermediate enlisted
Senior enlisted
Officer/Warrant officer

< 0.01
816 (42.81) 8,005 (31.03)
755 (39.61) 2,955 (11.46)
248 (13.01) 10,420 (40.39)
87 (4.56)
4,416 (17.12)

Service branch
Marine Corps
Navy

1,467 (76.97) 18,295 (70.92)
439 (23.03) 7,501 (29.08)

< 0.01

Service component
Active duty
Reserve

1,794 (94.12) 24,471 (94.86)
112 (5.88)
1,325 (5.14)

Deployment location
Afghanistan
Iraq
Kuwait

220 (11.54) 2,459 (9.53)
1,493 (78.33) 20,074 (77.82)
193 (10.13) 3,263 (12.65)

Age group, yr
Younger than 25
25–29
30–34
35–39
40 or older

1,166 (61.18) 13,928 (53.99)
362 (18.99) 5,113 (19.82)
159 (8.34)
2,933 (11.37)
110 (5.77)
2,256 (8.75)
109 (5.72)
1,566 (6.07)

0.16

< 0.01

< 0.01

Combat exposures
See dead
Direct combat
Feel in danger

412 (21.62)
94 (4.93)
397 (20.83)

3,788 (14.68) < 0.01
806 (3.12) < 0.01
3,071 (11.90) < 0.01

Long deployment, 214 days

516 (27.07)

6,788 (26.31)

Time between assessments, days
≤ 90
310 (16.26)
91–120
778 (40.82)
121–150
294 (15.42)
151–180
174 (9.13)
> 180
350 (18.36)

4,657 (18.05)
9,992 (38.73)
4,419 (17.13)
2,418 (9.37)
4,310 (16.71)

ORa = 3.38 (2.84-4.02)

ORc = 1.61 (1.21-2.14)
ORc′ = 1.32 (0.99-1.77)

Potential TBI on
the PDHA

ORb = 2.61 (2.23-3.05)

Positive PTSD
screen on the
PDHRA

Figure 1—Diagram depicting the role of self-reported sleep problems
in mediating the association between a positive TBI screening on the
PDHA and a new positive PTSD screening on the PDHRA (n = 29,019
men). Bolding denotes estimates obtained from the final adjusted
model (Model 3). CI, confidence interval; OR, odds ratio; PDHA, PostDeployment Health Assessment; PDHRA, Post-Deployment Health
Reassessment; PTSD, posttraumatic stress disorder; TBI, traumatic
brain injury. Model is adjusted for pay grade, service branch, service
component, age, deployment location, combat experiences, deployment
length, and time between assessments.

Table 3—Tests of significant mediated effects and additional measures
of mediation
Model
Sobel test
Sobel % of effect Indirect effect/
outcome
statistic ± SE P value mediated direct effect
PTSD
9.0516 ± 0.0005 < 0.001
25.72
0.35
Dep
10.1357 ± 0.0004 < 0.001
41.11
0.70
PTSD/Dep 9.5698 ± 0.0004 < 0.001
37.38
0.60
Dep, depression; PTSD, posttraumatic stress disorder; SE, standard error.

0.47
0.02

PDHA, Post-Deployment Health Assessment; PDHRA, Post-Deployment
Health Reassessment; TBI, traumatic brain injury.

Following the Baron and Kenny23 approach, sleep problems
reported on the PDHA significantly mediated the relationship
between TBI and receipt of a new positive PTSD screen on the
PDHRA (Sobel P < 0.01). After controlling for sleep problems,
the adjusted odds of receiving a positive PTSD screen for a
subject screening positive for TBI compared with a subject
who did not screen positive decreased from 1.61 (95% confidence interval [CI] 1.21-2.14) to 1.32 (95% CI 1.32: 0.99-1.77)
(Figure 1). Twenty-six percent of the effect of TBI on development of PTSD was mediated by sleep problems. The mediated
effect was 35% as large as the direct effect (Table 3).
Sleep problems reported on the PDHA significantly mediated the relationship between TBI and receipt of a new positive
depression screen on the PDHRA (Sobel P < 0.01). The ad-

justed odds of a service member screening positive for depression were estimated to be 1.41 (95% CI 1.11-1.80) times higher
for a sailor or Marine who screened positive for TBI relative
to a service member who screened negative. However, after
controlling for sleep problems, the estimated adjusted odds ratio decreased to 1.15 (95% CI 0.90-1.47) and was no longer
significant (Figure 2). Furthermore, sleep problems mediated
41% of the effect of TBI on the development of depression. The
mediated effect was 70% as large as the direct effect (Table 3).
Finally, sleep problems reported on the PDHA also significantly mediated the relationship between TBI and receipt of a
new positive PTSD or depression screen on the PDHRA (Sobel
P < 0.01). Thirty-seven percent of the effect of TBI on development of PTSD or depression was mediated by sleep problems. The mediated effect was 60% as large as the direct effect
(Figure 3 and Table 3).
DISCUSSION
This large study found that the effect of a positive TBI screenon the development of PTSD or depression (or both) is mediated by sleep problems. The results of this study emphasize
the importance of early identification and treatment of sleep
problems. Service members with a potential TBI reported sleep
problems immediately after return from deployment but did not
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Sleep problems
on the PDHA
ORa = 3.43 (2.86-4.11)

ORc = 1.41 (1.11-1.80)
ORc′ = 1.15 (0.90-1.47)

Potential TBI on
the PDHA

Sleep problems
on the PDHA
ORb = 2.69 (2.37-3.05)

Positive
depression screen
on the PDHRA

ORa = 3.24 (2.66-3.94)

ORc = 1.38 (1.09-1.75)
ORc′ = 1.16 (0.91-1.48)

Potential TBI on
the PDHA

ORb = 2.69 (2.39-3.03)

Positive depression
or PTSD screen on
the PDHRA

Figure 2—Diagram depicting the role of self-reported sleep problems
in mediating the association between a positive TBI screening on
the PDHA and a new positive depression screening on the PDHRA
(n = 27,702 men). Bolding denotes estimates obtained from the final
adjusted model (Model 3). CI, confidence interval; OR, odds ratio; PDHA,
Post-Deployment Health Assessment; PDHRA, Post-Deployment Health
Reassessment; TBI, traumatic brain injury. Model is adjusted for pay
grade, service branch, service component, age, deployment location,
combat experiences, deployment length, and time between assessments.

Figure 3—Diagram depicting the role of self-reported sleep problems
in mediating the association between a positive TBI screening on the
PDHA and a new positive PTSD or depression screening on the PDHRA
(n = 27,320 men). Bolding denotes estimates obtained from the final
adjusted model (Model 3). CI, confidence interval; OR, odds ratio; PDHA,
Post-Deployment Health Assessment; PDHRA, Post-Deployment Health
Reassessment; PTSD, posttraumatic stress disorder; TBI, traumatic
brain injury. Model is adjusted for pay grade, service branch, service
component, age, deployment location, combat experiences, deployment
length, and time between assessments.

endorse PTSD and depression symptoms until several months
later. Sleep problems may therefore be an early indicator of risk
for PTSD or depression. Immediate treatment of self-reported
sleep problems could mitigate the risk for development of mental health disorders, although future (intervention) studies are
needed for verification. Attention to and evaluation of sleep
problems (regardless of mental health diagnosis) may be an
effective strategy to reduce postdeployment morbidity. When
considering mental health outcomes, it may be advantageous to
implement rehabilitation efforts aimed at preventing and treating sleep problems during the acute postinjury phase. Because
most combat-related TBIs are mild and do not require medical
evacuation to the United States, in-theater strategies for evaluating sleep should be adopted.
The low prevalence of TBI found in this study (2.8%) compared with previous studies is likely due to the broad inclusion
of both combat- and noncombat-exposed personnel in our study
sample. Although sleep problems have been shown to mediate
the relationship between combat stressors and development of
PTSD and depression,29 this study controlled for combat exposures and still identified a strong, independent relationship
between TBI and sleep problems. Even after controlling for
combat exposure, a known predictor of PTSD and depression, a
positive TBI screen remained associated with the development
of PTSD and depression both directly and indirectly through
sleep problems.
TBI may be a significant predictor of sleep problems, even
after controlling for combat exposures, because biological
mechanisms independent of psychological distress are frequently responsible for sleep disturbances among service members with TBI. This study demonstrated that independent of
reported combat exposure, sleep problems that co-occur with a
positive TBI screening are associated with PTSD development.
There are several limitations in this analysis. All presumed
diagnoses of TBI, PTSD, and depression were made on the basis
of screening tools but without verification of clinical diagnoses.

Medical records prior to deployment were not evaluated, making it impossible to determine if subjects had a history of depression, PTSD, or one or more previous TBIs. Furthermore, we did
not know the specifics of the sleep problem (e.g., insomnia) or
use of medications or stimulants, and we did not know if the
sleep problem was preexisting. We had access to one question
that indicated sleep was a problem. We had no way to quantify sleep duration and information regarding potential underlying causes for troubled sleep, such as chronic pain or recurring
nightmares, was not available. Finally, the severity of TBI, sleep
problems, and mental health symptoms was not evaluated. Future studies on this topic would benefit by using several measures of sleep (including objective measures) and examining the
dose-response properties of the interrelationships between these
three conditions along a spectrum of severity.
Another limitation of this study is that we did not know how
long the sleep problems had existed. Bryant et al.6 determined
that sleep disturbances during the weeks prior to traumatic
injury directly increased a subject’s risk of developing a psychiatric disorder in the 3 months postinjury. A study of young
adults found that sleep problems (insomnia) were comorbid
rather than secondary to depression,7 whereas another study
of veterans returning from conflicts in Iraq and Afghanistan
found that pain was comorbid with insomnia.30 Although the
chronology of TBI, sleep problems, PTSD, and depression was
taken into account by analyzing data from two time points, this
procedure does not rule out the existence of a single causative
event that results in the development of sleep problems, TBI,
and delayed-onset PTSD/depression. Our conclusion that sleep
problems act as an intermediary between TBI and the development of mental health symptoms also relies on the assumption
that TBI precedes development of sleep problems. Such an assumption could not be verified in the current study but is supported throughout the literature.5,10-13
Other issues that should be considered in the interpretation of
this report include the psychological motivations that may ex-
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ist for military personnel completing the postdeployment questionnaires. Warner et al. found in a validation study that Army
soldiers were less likely to report depression, PTSD symptoms,
and suicidal ideation on the PDHA than with an anonymous
survey with many of the same questions.31 If service members
in our sample were in fact underreporting depression or PTSD
symptoms on the PDHA, the findings presented here regarding
sleep problems as a mediator for the development of PTSD/
depression may need to be reinterpreted as sleep problems mediating the persistence or worsening of PTSD/depression to the
extent where the service member thought it necessary to endorse symptoms on the PDHRA that were not endorsed on the
PDHA. Further, if the nonanonymous nature of the assessments
resulted in underreporting on both the PDHA and the PDHRA
our findings could potentially be underestimates of the role of
mediation by sleep problems.32
Several methodological features strengthened our study. Records were obtained from a large sample of more than 25,000
men who responded to a standardized set of questions immediately after deployment and again several months later. Unlike
other reports, we collected information from the same men at
both time points.33 This large sample used documented deployment activity and included combat- and noncombat-exposed
service men. Well-validated screening tools were used to assess likelihood of TBI, PTSD, and depression. Taking a new
approach, our analyses modeled sleep problems as a mediator
for the association of TBI with PTSD, depression, and both
conditions.
CONCLUSION
This work extends what is known about the interrelationships of TBI and mental health symptoms as mediated by sleep
problems, and it points to further research directions that may
improve the health of service members facing similar stresses
associated with deployment. Evaluating sleep problems immediately after TBI while still in theater should be explored as a
way to reduce poor mental health outcomes.
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