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Abstract.

BACKGROUND: Many with a history of mild traumatic brain injury (TBI) experience sleep problems, which are also
common symptoms of stress-related and mood disorders.

OBJECTIVE: To determine if sleep problems contributed unique variance to post-concussive symptoms above and beyond
symptoms of posttraumatic stress disorder/major depressive disorder (PTSD/MDD) after mild TBI.

METHODS: 313 active duty service members with a history of mild TBI completed sleep, PTSD, and mood symptom
questionnaires, which were used to determine contributions to the Neurobehavioral Symptom Inventory.

RESULTS: 59% of the variance in post-concussive symptoms were due to PTSD symptom severity while depressive symp-
toms and sleep problems contributed an additional 1% each. This pattern differed between those with and without clinical
diagnosis of PTSD/MDD. For those with PTSD/MDD, PTSD and depression symptoms but not sleep contributed to post-
concussive symptoms. For those without PTSD/MDD, PTSD symptoms and sleep contributed specifically to somatosensory
post-concussive symptoms. Daytime dysfunction and sleep disturbances were associated with post-concussive symptoms
after PTSD and depression symptoms were controlled.

CONCLUSIONS: PTSD symptom severity explained the most variance for post-concussive symptoms among service
members with a history of mild TBI, while depression symptoms, daytime dysfunction, and sleep disturbances independently
contributed small amounts of variance.

Keywords: Concussion, sports, combat, blast, insomnia, sleep apnea, psychiatry, primary care, stress, dysthymia

1. Background

*Address for correspondence: Lisa H. Lu, PhD, Defense and A meta-analysis of patients with a history of TBI
Veteran§ Brain InJury Center (DVBIC), 'Contractor, General revealed 50% experience some form of sleep prob-
Dynamic Health Solutions, Neurology Service (DVBIC), Brooke 1 hich hicher than the 41% in th 1
Army Medical Center, 3551 Roger Brooke Drive, JBSA Ft. Sam em, w I.C was I.g cr than the o 1n the gene.ra.l
Houston, TX 78234-4504, USA. Tel.: +1 210 916 6029; E-mail: community (Mathias & Alvaro, 2012). Among mili-

lisa.h.lu.ctr@mail.mil. tary service members, estimated prevalence of sleep

ISSN 1053-8135/19/$35.00 © 2019 — IOS Press and the authors. All rights reserved

This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0).


mailto:lisa.h.lu.ctr@mail.mil

512 L.H. Lu et al. / Sleep contributes to mild TBI symptoms in those without PTSD/MDD

problems is between 45-84% (Hoge et al., 2008;
Lew et al., 2007). Sleep problems include prob-
lems falling or staying asleep, frequent nighttime
awakenings, early morning awakenings, breathing
problems interrupting sleep, pain disturbing sleep,
sleep-wake cycle problems, or other self-reported
problems of sleep. Such problems can contribute to
daytime sleepiness, fatigue, and have been reported
to predict persistence of post-concussive symptoms
(Sullivan, Berndt, Edmed, Smith, & Allan, 2016).
Sleep deprivation studies have shown impaired atten-
tion, working memory and divergent thinking skills,
with sleep fragmentation showing similar detrimental
effects as sleep deprivation (Durmer & Dinges, 2005).
Among those with moderate to severe TBI, evidence
suggests that sleep disturbance during the acute stage
of recovery predicts poorer cognitive recovery (Hol-
comb et al., 2016). This has been extended to the
mild TBI population with the idea that improved
sleep may facilitate recovery and/or mitigate post-
concussive symptoms. Polysomnography studies of
those with mild TBI have mixed findings, with some
showing no difference between patients with a history
of mild TBI and controls (Gosselin et al., 2009) while
others show increased nocturnal wakefulness (Mol-
layeva et al., 2017), less total sleep time (Schreiber
et al., 2008), less time in non-rapid eye movement
stage (Mollayeva et al., 2017) and in rapid eye move-
ment sleep (Mollayeva et al., 2017; Schreiber et al.,
2008). One study showed that patients with mild TBI
had much greater variability on objective sleep mea-
sures, such that lower sleep efficiency in the mild
TBI group was not significant after statistical correc-
tion to account for different variances between groups
(Williams, Lazic, & Ogilvie, 2008). This greater vari-
ance amongst those with a history of mild TBI likely
contributes to inconsistent findings across studies.
Complicating the relationship between sleep and
mild TBI in the military is the high rate of men-
tal health co-morbidities in this population. Sleep
problems are common symptoms of stress-related
and mood disorders; in fact sleep disturbance is part
of the symptom criteria for both PTSD and MDD,
but studies on mild TBI and sleep often do not
control for mental health co-morbidities (Gosselin
et al., 2009; Williams et al., 2008). Among Operation
Enduring Freedom (OEF)/Operation Iraqi Freedom
(OIF)/Operation New Dawn (OND) veterans, those
with PTSD reported worse sleep than trauma-
exposed controls (Lind et al., 2017), and controlling
for PTSD symptoms removed the reported sleep dif-
ference between PTSD only and PTSD + TBI groups,

suggesting that greater PTSD symptoms drove the
higher scores in the PTSD+ TBI comorbid group
(DeGutis etal., 2018). A longitudinal study of change
in sleep over time among OEF/OIF veterans with
PTSD showed that nightmares increased over time
although overall sleep complaints decreased (King,
Donnelly, Warner, Wade, & Pigeon, 2017). This was
consistent with a meta-analysis of polysomnography
findings showing more rapid eye movement abnor-
malities among older patients with PTSD, although
younger patients with PTSD have less total sleep
time than age-matched controls (Kobayashi, Boarts,
& Delahanty, 2007). The same meta-analysis study
supported that patients with PTSD have more stage
1 sleep, less slow wave sleep, and greater rapid-
eye-movement density, consistent with hyperarousal
during sleep (Kobayashi et al., 2007).

Among active duty and veteran populations with a
history of mild TBI, estimates of PTSD range from
33% to 39% (Carlson et al., 2011), and estimates of
mood disorder range from 21% to 57% (Scholten
et al., 2016). PTSD and major depressive disorder
have a comorbidity rate of 48% (Kessler, Sonnega,
Bromet, Hughes, & Nelson, 1995). PTSD with a TBI
history was associated with worse insomnia severity
over an 18-month interval than PTSD alone (King
et al.,, 2017). For patients with mental health co-
morbidities, the question arises as to whether sleep
problems should be addressed as part of a compre-
hensive treatment for mental health problems or do
they warrant clinical attention independent of accom-
panying mental health issues? What about for patients
with no mental health co-morbidities? One study
of 109 OEF/OIF veterans suggested that poor sleep
quality contributed to cognitive deficits beyond those
attributable to PTSD and mild TBI history (Mar-
tindale, Morissette, Rowland, & Dolan, 2017). This
would suggest that addressing sleep issues indepen-
dently of mental health issues might be beneficial.

In the present study, we examined whether
sleep quality contributed unique variance to post-
concussive symptoms above and beyond symptoms
of PTSD and depression, and whether the relative
contribution of sleep differs for patients with co-
morbid PTSD/depression versus those without these
co-morbidities. Such data might help with conceptu-
alization of sleep problems within a context of mental
health comorbidities and guide treatment priorities
for patients with complex needs. We hypothesized
that sleep problems are a manifestation of mood
and PTSD issues, and that sleep quality would not
contribute unique variance after symptoms of PTSD
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and depression are controlled. If sleep were to make
unique contributions, we wanted to follow up and
explore which components of sleep quality mattered,
and to which types of post-concussive symptoms they
contribute.

2. Methods
2.1. Participants

Data were analyzed from a repository database
of service members who endorsed a history of TBI
during a primary care visit screen in a military treat-
ment facility from November 2014 through May 2017
and completed a battery of questionnaires. The pres-
ence of TBI was confirmed for all cases, based on
electronic medical record review and patient self-
report elicited from a study-specific semi-structured
interview with a trained research nurse. The pres-
ence of PTSD or MDD was coded as positive if
there was documentation of a current (within 30 days
of study participation) diagnosis in the electronic
medical record system used in military treat-
ment facilities (AHLTA). All research procedures
were performed in compliance with Department of
Defense (DoD) guidelines and approved by the local
Institutional Review Board. Written informed con-
sent was obtained from all participants. Of 465 total
cases, 313 were determined to have had a history of
mild TBI via objective criteria and complete scores
on outcome and predictor measures and served as the
mild TBI sample for this study. Mild TBI was defined
using the Department of Veterans Affairs/Department
of Defense (VA/DoD) criteria: Loss of conscious-
ness no greater than 30 minutes and/or posttraumatic
amnesia no greater than 1 day and/or alteration of
consciousness no greater than 24 hours (Depart-
ment of Veterans Affairs and Department of Defense,
2016). Thirty-four cases were omitted from the sam-
ple due to questionable validity of symptom report,
based on a cutoff of 22 on the Neurobehavioral
Symptom Inventory Validity-10 measure (Vander-
ploeg et al., 2014), yielding 279 cases as the final
sample for analyses.

2.2. Measures

The primary outcome measure was the Neu-
robehavioral Symptom Inventory (NSI), which is
a 22-item self-report symptom measure endorsed
by the DoD and Veterans Administration to track

neurocognitive complaints after TBI. Internal con-
sistency is high (0.95) (King et al., 2012). Two
independent large-scale factor analytic studies of
the NSI have converged to support a four-factor
model of symptom clusters: cognitive, somatosen-
sory, vestibular, and affective (Pogoda et al., 2012;
Vanderploeg et al., 2015). Because our predictor
variables were affective measures, inclusion of the
NSI affective items (fatigue; sleep problems; anx-
ious; depressed/sad; irritable; low frustration) in the
outcome variable would lead to affective predictors
accounting for more variance in the outcome due
to symptom overlap. Thus an adjusted NSI score
(Adj NSI) was calculated based on total score for
items other than those on the affective scale. This
Adj NSI was the sum of the remaining 16 items,
which yielded a maximum score of 64 that reflected
cognitive, somatosensory, and vestibular complaints.
The affective scale of the NSI also included an item
on sleep problems. Thus, removal of this item as
part of the affective scale also eliminated the overlap
between the Adj NSI and the sleep predictor measure.
The NSI cluster scores from the somatosensory (7
items), cognitive (4 items), and vestibular (3 items)
factors were also evaluated to discern more granu-
lar relationships between our predictor variables and
the Adj NSI score (2 items did not contribute to
any unique factor) (Pogoda et al., 2012; Vanderploeg
et al., 2015). Because post-concussive symptoms are
reliant on self-report, validity cutoffs have been pro-
posed using responses to 10 items on the NSI that
are infrequently endorsed by service members and
veterans with a history of mild TBI (Vanderploeg
et al., 2014). We used the cutoff score recommended
by the developers of the NSI Validity-10 (>22) to
exclude cases where there was a potential for symp-
tom exaggeration (Vanderploeg et al., 2014), in order
to achieve a sample that was representative of the
more typical active duty population and less likely to
be impacted by secondary gain or other factors that
influence symptom over-reporting.

Posttraumatic stress symptoms were measured
using the PTSD Checklist— Civilian version (PCL-C)
(Weathers et al., 1993), a 17-item self-report measure
of symptom severity rated on a 5-point Likert-like
scale that corresponds to the Diagnostic and Sta-
tistical Manual of Mental Disorders, Fourth Edition
(DSM-IV) criteria for PTSD. Internal consistency for
the military version of this scale is high (0.97), as
is test-retest reliability over 2-3 days (0.96) (Norris
& Hamblen, 2003). The PCL-C and PCL-M consist
of the same questions, with the civilian version ask-
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ing about “stressful life experiences” and the military
version asking about “stressful military experiences.”
We chose the civilian version because we did not want
to constrain sources of stress to military experiences.
This scale has good concurrent validity as evidenced
by high correlation with the Mississippi Scale for
Combat Related PTSD (0.93) and the Impact of
Events Scale (0.90) (Norris & Hamblen, 2003). An
adjusted PCL-C score (Adj PCL-C) was used that
excluded the sleep and concentration items in order
to remove the overlap with the primary sleep mea-
sure and the cognitive factor of the NSI. There is also
an overlap between the PCL-C item on disturbing
dreams and sleep disturbances measured by the pri-
mary sleep measure. Because disturbing dreams is a
significant presentation of PTSD, this item was not
removed in order to capture this important symptom
in the Adj PCL-C score.

Depressive symptoms were measured using the
Center for Epidemiological Studies — Depres-
sion scale (CES-D), a 20-item self-report measure
of depressive symptom severity rated on a 4-
point Likert-like scale. Internal consistency is high
(0.84-90) and test-retest reliability between 2-8
weeks ranges from 0.51 to 0.59, with an average of
0.57 (Radloff, 1977). The CES-D has evidence of
construct validity via high correlations with clinician
ratings of depression severity (0.56) and other scales
designed to measure depressive symptoms (0.51-61)
but low correlations with measures such as disabil-
ity or aggression (0.19-0.28) (Radloff, 1977). An
adjusted CES-D score (Adj CES-D) was used that
excluded the sleep and concentration items to remove
the overlap with the sleep measure and the cognitive
factor of the NSI.

The primary sleep measure was the Pittsburgh
Sleep Quality Index (PSQI), a self-report of sleep
habits and problems scored using a 4-point Likert-like
scale to yield seven component scores: Subjec-
tive sleep quality, sleep latency, sleep duration,
sleep efficiency, sleep disturbances, medication use,
and daytime dysfunction (Buysse, Reynolds, Monk,
Berman, & Kupfer, 1989). Lower scores reflect
more desirable sleep characteristics. The correlation
between the global and component scores ranges
from 0.53 to 0.83. The global score has good
internal consistency (0.80) and evidence of con-
vergent validity with related constructs (0.65-0.77)
and discriminant validity with unrelated constructs
(0.03-0.45) (Carpenter & Andrykowski, 1998). To
address the overlap between the sleep disturbance
component of the PSQI (Component 5, which queried

eight things that might disturb sleep, such as bad
dreams, using the bathroom, pain etc.) and the PCL-C
item on disturbing dreams, we excluded bad dreams
from the PSQI Component 5 score. This Adj Com-
ponent 5 score was combined with other component
scores to derive the Adj PSQI Global score used in
this study.

2.3. Statistical analyses

Multiple regression to determine the effect of sleep
while covarying for depression and stress-related
symptoms would not be appropriate due to the mul-
ticollinearity between predictor variables. Further-
more, such an analysis would not address if sleep con-
tributed unique variance after depression and stress-
related symptoms have been controlled. Hierarchical
regression is an approach that determines if a predic-
tor contributes variance after variance due to related
predictor variables has been removed. Thus we used
hierarchical regression to predict the Adj NSI score
from the Adj PCL-C and Adj CES-D scores using
stepwise entry within the first block of predictors and
the Adj PSQI Global score entered as the predictor in
the second block. This method controlled for PTSD
and depressive symptom severity before variance
from sleep problems was considered, which allowed
us to address the question of whether sleep problems
contributed unique variance to post concussive symp-
toms above and beyond effects of stress and mood. To
explore whether comorbid diagnosis of PTSD/MDD
affected sleep differentially in our sample, we
repeated the above analysis with our sample divided
into those with AHLTA documentation of PTSD or
MDD versus those without. Two sets of analyses were
conducted to follow up on significant effects of sleep
problems: First, to examine which component(s) of
sleep problems contributed unique variance, the Adj
PSQI Global score entered in the second block of
predictors was replaced by the seven PSQI com-
ponent scores using stepwise entry. Second, to
examine which specific post-concussive symptoms
were influenced by sleep problems, the Adj NSI score
was replaced by NSI somatosensory, cognitive, and
vestibular cluster scores. For all analyses, signifi-
cance was determined using a p-value of 0.05.

3. Results

Table 1 shows the demographic characteristics of
this sample of active duty service members. Of note,
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Demographic characteristics of our sample of active
duty service members with a history of mild TBI (V=279 unless otherwise indicated)

Mean SD
Age 36.5 7.5
Years in service 14.7 6.6
Number of deployments (n=277) 23 1.8
Months since injury 61.5 514
Count Percentage
Gender (M:F) 240:39 86:14
Rank
Junior enlisted (E1-E4) 24 9
Senior enlisted (E5-E9) 191 68
Officers (CW1-09) 64 23
Branch of service
Army* 258 92
Air Force 13 5
Navy® 5 2
Marine 3 1
Marital status
Single 18 6
Partnered 201 72
Post-partnership 60 22
Race (n=278)°
Caucasian 217 78
African-American 56 20
Indian American 13 5
Asian 10 4
Native Hawaiian/Pacific Islander 1 0
Ethnicity (n=276)
Hispanic/Latino 71 26
Non-Hispanic/Latino 205 74
Education
GED or 12th grade without diploma 7 2
High school diploma 52 19
Post high school/military training courses 54 19
Associates degree 63 23
Bachelor’s degree 66 24
Post-graduate degree 37 13

aArmy includes Reserves and Guards. ®Navy includes Reserves. It was possible to
endorse more than one category, thus summed percentage is greater than 100.

the time since the TBI ranged from O to 340 months,
with amedian of 52 months since injury (interquartile
range = 80 months). Thus, this represented a sample
of service members with a remote history of mild TBI
and chronic symptoms. In this sample (N=279), 133
individuals (47%) had comorbid diagnoses of PTSD
(n=112;40%), MDD (n=78; 30%), or both (n =57,
20%) documented in AHLTA within 30 days prior to
the evaluation where the questionnaires for this study
were completed. The remaining 53% (n=146) did
not have AHLTA documentation of ‘current’” PTSD
or MDD (i.e., within 30 days before evaluation).
Table 2 reports the unadjusted descriptive statis-
tics of measures for comparison to other samples
in the literature. The NSI mean of 33 in our sam-
ple falls in the 10-24th percentile range amongst

deployed service members with a history of mild
TBI and in the 2—4th percentile range compared to
deployed service members without mild TBI (Soble
et al., 2014). The PCL-C mean of 44 is above cut-
offs used to screen for PTSD in primary care settings
(Bliese et al., 2008) and hovers around the cutoffs
used in specialized clinics (Orff, Ayalon, & Drum-
mond, 2009), which is consistent with 40% of our
sample having a current PTSD diagnosis. The CES-
D mean of 20 is above the cutoff score of 16 used to
screen for depression in civilian populations (Radloff,
1977) and consistent with 30% of our sample having
a current MDD diagnosis. The PSQI Global score
of 12 is above the cutoff of 5 in distinguishing poor
sleepers (Buysse et al., 1989). Despite identification
from primary care visit screens as opposed to from
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Table 2
Means, standard deviations, and correlations amongst unadjusted measure scores (N =279)
NSI PCL-C CES-D PSQI Global

Mean (SD) 33 (16) 44 (17) 20 (14) 12 (5)
Pearson’s correlation coefficients
PCL-C 0.86** — — —
CES-D 0.78** 0.81** — —
PSQI Global 0.60** 0.58** 0.54** —
**p<0.01.

Table 3

Mean (and standard deviation) on adjusted outcome and predictor measures

Entire sample PTSD/MDD  No PTSD/MDD

(N=279) (n=133) (n=146)
Adj NSI 20 (11) 25 (10) 16 (10)
Adj PCL-C 38 (16) 46 (14) 30 (13)
Adj CES-D 16 (13) 22 (12) 10 (10)
Adj PSQI Global 12 (5) 14 (4) 10 (4)
1. Subjective sleep quality 1.85 (0.88) 2.13 (0.77) 1.60 (0.90)
2. Sleep latency 1.90 (1.10) 2.06 (1.06) 1.76 (1.12)
3. Sleep duration 2.12 (0.89) 2.34 (0.78) 1.92 (0.94)
4. Habitual sleep efficiency 1.29 (1.28) 1.53(1.29) 1.08 (1.24)
5. Adj Sleep disturbances 1.61 (0.59) 1.72 (0.59) 1.51 (0.58)
6. Use of sleeping medication 1.48 (1.40) 1.95 (1.34) 1.04 (1.32)
7. Daytime dysfunction 1.47 (0.92) 1.80 (0.84) 1.16 (0.89)

Adj NSI = adjusted Neurobehavioral Symptom Inventory score. Adj PCL-C =adjusted
PTSD Checklist, Civilian version score. Adj CES-D =adjusted Center for Epidemiolog-
ical Studies, Depression score. Adj PSQI = adjusted Pittsburgh Sleep Quality Index.

a specialized clinic, our sample reported a high level
of symptom severity across post-concussive, PTSD,
mood, and sleep domains. Table 2 shows that scores
reflecting symptom severity across these domains
are highly correlated with each other, which makes
relevant our question of whether sleep problems con-
tribute unique variance to post-concussive symptoms
above and beyond effects of PTSD and mood.

Table 3 reports the means and standard deviations
of the Adj NSI, Adj PCL-C, Adj CES-D, Adj PSQI
Global and component scores for the entire sam-
ple and for subsamples categorized by PTSD/MDD
presence. Table 4 summarizes the results of the
hierarchical regression to predict post-concussive
symptoms (Adj NSI) from PTSD (Adj PCL-C) and
depression (Adj CES-D) symptoms using stepwise
entry in block 1 and sleep problems (Adj PSQI
Global) in block 2. For the entire sample, three models
reflecting stepwise selection of each predictor vari-
able were significant, with the Adj PCL-C in model
1, Adj PCL-C and Adj CES-D in model 2, and all
three predictors in model 3 (Entire sample). Across all
three models, PTSD symptom severity was the most
significant contributor to post-concussive symptoms.
When Adj PCL-C was the only predictor (Entire sam-
ple model 1), the Adj NSI increased by 0.77 standard
deviation for every standard deviation change in Adj

PCL-C. Depressive symptom severity (Adj CES-D)
also explained a small, albeit significant amount of
variance in post-concussive symptoms (Entire sam-
ple model 2; 1% change in unadjusted R?). After
both PTSD and mood symptoms were accounted
for (Entire sample model 3), sleep problems (Adj
PSQI Global) contributed an additional 1% variance
to post-concussive symptoms, which was statistically
significant.

Dividing the sample by PTSD/MDD status showed
that the contribution of sleep problems to post-
concussive symptoms were driven by those without
PTSD or MDD. In the subsample of service members
without documentation of current PTSD or MDD
in their medical record (No PTSD/MDD model 2),
sleep problems contributed 2% to post-concussive
symptoms in addition to the variance from PTSD
symptom severity (depressive symptoms did not con-
tribute unique variance). For service members with
either PTSD and/or MDD diagnosis, their PTSD
and depressive symptom severity contributed to their
post-concussive symptoms (PTSD/MDD models 1
and 2), but sleep problems did not add additional
explanatory power (PTSD/MDD model 3).

To explore the specific sleep problems in the sub-
sample of service members without PTSD or MDD,
we replaced block two of the hierarchical regres-
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Table 4
Hierarchical regressions to predict post-concussive symptoms (Adj NSI) from PTSD (Adj PCL-C), depression (Adj CES-D), and sleep
problems (Adj PSQI Global)

PTSD/MDD (n=133)

Entire sample (N=279) No PTSD/MDD (n=146)

Variable Model 13  Model23 Model33 Model 13 Model23 Model3 3 Modellf Model 2 3
Adj PCL-C 0.77 0.64 0.59 0.64 0.48 0.45 0.77 0.69
Adj CES-D 0.16 0.14 0.23 0.22
Adj PSQI Global 0.13 0.08 0.16
Adjusted R? 0.59 0.60 0.61 0.41 0.43 043 0.59 0.60
F 399.97** 208.84** 145.72** 91.52** 50.18** 34.04** 205.84** 110.93**
AR? 0.591 0.011 0.012 0.41 0.02 <0.01 0.59 0.02
AF 399.98** 7.84** 8.36™ 91.52** 5.62* 1.42 205.84** 7.18**
**p<0.01; *p<0.05.

Table 5

Hierarchical regression to explore the type of sleep problems that
contributed to post-concussive symptoms (Adj NSI) in service members
without PTSD or MDD (n = 146)

Variable Model 1 B Model 2 3 Model 3 B
Adj PCL-C 0.77 0.65 0.60
Adj CES-D

PSQI component 7% 0.21 0.18
Adj PSQI component 5° 0.16
Adjusted R? 0.59 0.61 0.63

F 205.84** 116.18** 83.76**
AR? 0.59 0.03 0.02
AF 205.84** 11.50%* 7.83%

“p<0.01; *p<0.05. *Daytime dysfunction. PSleep disturbances, adjusted
by excluding disturbances due to dreams.

sion with the seven PSQI component scores using
stepwise entry (Table 5). Two PSQI components,
daytime dysfunction (component 7) and sleep dis-
turbances (component 5), contributed an additional
4% to post-concussive symptoms above and beyond
stress-related issues (models 2 and 3; depressive
symptoms did not contribute unique variance). Day-
time dysfunction includes difficulty staying awake
during activities and having enough enthusiasm to
complete tasks. Sleep disturbances include night-
time disturbances that interrupt sleep, such as pain,
using the bathroom, breathing difficulties, etc. In con-
trast, components such as subjective sleep quality,
sleep latency, sleep duration, habitual sleep effi-
ciency, and use of sleeping medication did not explain
post-concussive symptoms after stress and mood
issues were controlled.

To explore which post-concussive symptoms were
vulnerable to the influence of sleep in those without
PTSD or MDD, we repeated hierarchical regressions
to predict the NSI somatosensory, cognitive, and
vestibular cluster scores as the dependent variable
(Table 6). Sleep problems only contributed signifi-
cantly to somatosensory symptoms (Somatosensory
model 2), accounting for 4% of the variance in
somatosensory symptoms above and beyond con-

tributions from PTSD symptom severity in those
without PTSD or MDD (depressive symptoms did not
contribute unique variance). Somatosensory symp-
toms included headaches, nausea, vision problems
(blurring, trouble seeing), sensitivity to light, sensi-
tivity to noise, numbness or tingling on parts of the
body, and change in taste and/or smell. Sleep prob-
lems did not contribute to cognitive symptoms such
as poor concentration, forgetfulness, difficulty mak-
ing decisions, or slowed thinking, after accounting
for PTSD and depressive symptom severity (Cogni-
tive model 3). Sleep problems did not contribute to
vestibular symptoms such as feeling dizzy, loss of
balance, or poor coordination (Vestibular model 2).

4. Discussion

In this sample of active duty service members with
a remote history of mild TBI, PTSD symptom sever-
ity contributed more unique variance than depressive
or sleep problems to post-concussive symptoms. This
is consistent with earlier findings that anxiety pre-
dicts sleep problems after TBI (Rao et al., 2008)
and that PTSD symptoms are strongly associated
with post-concussive symptoms (Brenner et al., 2010;
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Table 6

Hierarchical regressions to predict NSI cluster scores from PTSD (Adj PCL-C), depression (Adj CES-D), and sleep problems (Adj PSQI
Global) in service members without PTSD or MDD (n = 146)

Somatosensory Cognitive Vestibular
Variable Model 1 3 Model 2 3 Model 1 3 Model 2 3 Model 3 3 Model 1 3 Model 2 3
Adj PCL-C 0.66 0.55 0.68 0.52 0.52 0.43 0.37
Adj CES-D 0.25 0.25
Adj PSQI Global 0.22 -0.00 0.12
Adjusted R? 043 0.46 0.46 0.50 0.50 0.18 0.19
F 111.00%* 63.50** 127.26** 72.99** 48.32%* 33.48** 17.89**
AR? 043 0.04 0.47 0.04 0.00 0.19 0.01
AF 111.00** 9.47** 127.26** 10.41** 0.00 33.48** 2.05
**p<0.01.

Schneiderman, Braver, & Kang, 2008), though others
have found that depressive symptoms or psycho-
logical distress are significant contributors as well
(Lange et al., 2014; Stein et al., 2016). It was not
possible to disentangle the overlap between PTSD
and depressive symptoms in the present study. In
this sample, 47% of service members with a remote
history of mild TBI have medical record documenta-
tion of either PTSD or MDD, with 20% having both
diagnoses. Among those with PTSD and/or MDD,
sleep problems did not contribute unique variance to
post-concussive symptoms. However, we note that
our sample of service members with PTSD or MDD
reported significant sleep problems. Table 3 shows
mean adjusted PSQI Global score of 14 in those with
PTSD/MDD, which is significantly higher than a cut-
off of 5 that indicates poor sleep (Buysse et al., 1989).
These service members’ sleep problems should be
conceptualized as part of their PTSD/MDD presen-
tation, and should be incorporated into the overall
treatment plan for PTSD or MDD.

For service members with a history of mild TBI and
no medical record of PTSD or MDD, sleep problems
independently contributed to post-concussive symp-
toms. This is consistent with Sullivan and colleagues’
finding that tiredness, alertness, and sleepiness dur-
ing waking hours contributed to NSI score amongst a
community sample with self-reported history of mild
TBI (Sullivan et al., 2016). Interestingly, across both
Sullivan et al.’s and our study, among the different
types of sleep-related problems examined, daytime
dysfunction (e.g., trouble staying awake during the
day) contributed statistical variance to NSI score
more than other types of sleep problems, suggesting a
relationship between post-concussive symptoms and
daytime dysfunction that is above and beyond the
influence of stress, mood, or other sleep issues.

Post hoc analyses of the type of post-concussive
symptoms associated with sleep revealed that
somatosensory symptoms but not cognitive or

vestibular symptoms were predicted by sleep prob-
lems in service members with a history of mild TBI
without PTSD or MDD. Somatosensory symptoms
included headaches, light and noise sensitivity, and
vision problems. One potential explanation comes
from the restorative theory of sleep which posits that
the body engages in repair functions during sleep
(Adam & Oswald, 1983). This association could
reflect suboptimal sensory functioning in individu-
als with a disrupted restorative process after mild
TBI. Alternatively, headaches and sensory sensitiv-
ities could also disrupt sleep. Unexpectedly, sleep
problems did not contribute to cognitive symptoms
such as slowed thinking, concentration difficulty, or
forgetfulness. This is in contrast with literature show-
ing that sleep deprivation is associated with cognitive
impairment (Durmer & Dinges, 2005). Our patients
self-reported sleep problems; we have no objective
data on actual sleep habitually achieved. Thus we
do not know the degree of sleep deprivation in our
sample. Reviews of the sleep literature have consis-
tently shown discrepancies in sleep disturbance when
measured by self-report compared to objective tests,
where subjective reports of sleep disturbances often
are not substantiated by objective polysomnography
findings (Mathias & Alvaro, 2012; Orff et al., 2009).

4.1. Clinical implications

For service members with a history of mild TBI
but no PTSD or MDD, our data suggests that
addressing sleep problems, especially those that
contribute to daytime dysfunction and nighttime dis-
turbances such as pain and breathing difficulty may
improve somatosensory complaints. Although the
4% variance in post-concussive symptoms associated
with sleep problems was statistically significant, it
remained undetermined if sleep improvements would
affect a clinically meaningful change to patients.
PTSD symptom severity was the most significant fac-
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tor and explained 59% of variance in post-concussive
symptoms in this subsample. The mean Adj PCL-
C score of 30 suggests that many in this sample
were experiencing subclinical levels of stress-related
issues. These patients are most likely to seek treat-
ment from medical providers, in contrast to patients
with a co-morbid mental health diagnosis who may
be followed by a behavioral health provider. Within a
context of myriad health issues tracked by medical
providers, for these service members without co-
morbid mental health diagnoses who have difficulty
with headaches, vision, or sensitivity to light/noise,
referrals to improve subclinical stress-related issues
via stress management or relaxation and to improve
sleep with sleep hygiene or treatment of factors that
disrupt sleep (e.g., pain, apnea) may help alleviate
these symptoms. These options should be considered
and prioritized by medical providers treating these
service members. In contrast, for service members
with comorbid PTSD and/or MDD, our data sug-
gests that sleep problems should be conceptualized as
part of these patients’ behavioral health issue. These
patients may still need to be referred for sleep evalu-
ations and treatment of medical issues that contribute
to sleep problems, but their sleep should be monitored
within a context of overall mental health.

4.2. Limitations and strengths

Conclusions are limited by some methodologi-
cal shortcomings. First, our sample had an unequal
gender distribution that reflected the composition of
the military, and accordingly our conclusions, while
appropriate for military populations, may not gen-
eralize to female or civilian populations. Second,
our primary sleep measure was a self-report of sleep
habits and complaints, which may differ from objec-
tive measures of sleep and was vulnerable to response
bias. We excluded from our sample participants who
may have engaged in symptom exaggeration, but per-
ception of sleep is known to differ from actual sleep
architecture and from formal diagnoses of sleep dis-
orders (Mathias & Alvaro, 2012; Orff et al., 2009).
Objective measures of sleep habitually achieved will
inform the degree of chronic sleep deprivation and
may yield different findings. Our conclusions per-
tained to perceived sleep quality without information
on actual sleep architecture or sleep disorder diagno-
sis. Third, because PTSD and MDD diagnoses were
obtained from medical records, we could not verify
that all clinicians based their diagnosis on DSM cri-
teria. However, concurrent documentation of these

disorders in an electronic medical record was deemed
to engender more confidence than self-report alone
given that patients are often unaware of the concep-
tualization for their treatment. A strength of this study
was that our conclusions apply to a general population
of service members because our sample was recruited
from primary care clinics rather than from specialty
TBI clinics.
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