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ARTICLE INFO ABSTRACT

Keywords: Mild traumatic brain injuries (mTBI) are a pervasive concern for military personnel. Determining the impact of
TBI injury severity, including loss of consciousness (LOC) may provide important insights into the risk of psycho-

Depression logical symptoms and inflammation commonly witnessed in military personnel and veterans following mTBI. US
PTSD military personnel and veterans were categorized into three groups; TBI with LOC (n = 36), TBI without LOC
V,eterans (n = 25), Controls (n = 82). Participants reported their history of mTBI, psychological symptoms (post-trau-
Biomarkers . . . . .

LOG matic stress disorder [PTSD] and depression), health-related quality of life (HRQOL), and underwent a blood

draw. ANCOVA models which controlled for insomnia status and combat exposure indicated that both mTBI
groups (with/without LOC) reported significantly greater depression and PTSD symptoms compared to controls;
however, they did not differ from each other. The mTBI with LOC did report greater pain than both controls and
mTBI without LOC. The TBI with LOC group also had significantly elevated IL-6 concentrations than both TBI
without LOC and control groups. Within the mTBI groups, increased TNFa concentrations were associated with
greater PTSD symptoms. These findings indicate that sustaining an mTBI, with or without LOC is detrimental for

Interleukin-6

psychological wellbeing. However, LOC may be involved in perceptions of pain and concentrations of IL-6.

1. Introduction

Recent deployments have resulted in a substantial increase in
military personnel sustaining traumatic brain injuries (TBIs). The ma-
jority of these TBIs are classified as mild (mTBI), which may or may not
include a period of up to 30 min of loss of consciousness (LOC)
(Terrio et al., 2009). Following an mTBI, full recovery is expected
within days or weeks however, some individuals experience symptoms
and deficits for months or even years following the injury. Developing a
better understanding of which military personnel are at risk for poorer
outcomes and recovery is essential. Identifying biomarkers that relate
to this risk may provide greater insights for monitoring and interven-
tion.

Traumatic brain injuries have been associated with a range of ne-
gative psycho-social and health outcomes including post-traumatic
stress disorder (PTSD) (Combs et al., 2015), depression (Koponen et al.,
2002), sleep disturbances (Mysliwiec et al., 2013), and post-concussive
symptoms (Schneiderman et al., 2008). Experiencing such outcomes,
has been shown to impede recovery, delay return to service, and has

been associated with significant declines in overall quality of life (QOL)
(Armed Forces Health Surveillance Center, 2010; Capaldi et al., 2011).
As such there are significant health and fiscal benefits to understanding
the factors associated with individual recovery following mTBI. In re-
cent years, exploring if there are additive negative psychosocial or
health effects due to the presence of a period of LOC with mTBI has
gained attention. A recent study found a stepwise increases in having
multiple negative health outcomes as TBI severity increased, especially
for disability, poor life satisfaction, and memory impairment
(Whiteneck et al., 2016). Compared to a group with no injury, the
adjusted prevalence ratio for disability status was 1.80 for mTBI
without LOC, and 2.29 for the mTBI with LOC group (Whiteneck et al.,
2016). A study of military personnel with mTBI, reported that of those
who experienced LOC, 43.9% met criteria for PTSD compared with
27.3% who reported only alterations in mental status (Hoge, 2008).
Furthermore, LOC has been found to be an independent predictor of
depression (Hoge, 2008). However, the role of LOC in symptom
maintenance and severity remains unclear.

Acutely post-injury the body's immune response begins by
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producing pro-inflammatory (e.g. interleukin [IL]-6, and tumor ne-
crosis factor-alpha [TNFa]) and anti-inflammatory (e.g., —10) cyto-
kines (Hernandez-Ontiveros et al., 2013; McKee and Lukens, 2016).
Initially this process is essential for recovery, however, this process can
become dysregulated. Dysregulation is associated with poor recovery
and even fatalities in patients following severe TBIs (Ferreira et al.,
2014; Schneider Soares et al., 2012). To date, there are few studies
which examined if this dysregulation occurs in mTBI and no study has
explored if LOC impacts on cytokine expression. Findings from pre-
clinical models have indicated that peripheral inflammation from mTBI
is associated with behavioral deficits (Collins-Praino et al., 2018; Gao
et al., 2017). One recent study from our lab showed IL-6 and TNF-a was
higher in participants with mTBI compared to those without a history of
TBI and these biomarkers were also significantly correlated with PTSD
symptoms (Devoto et al., 2017). However, examining if the presence of
LOC results in increased dysfunction is unexplored.

This study of active duty military personnel, aimed to examine if
mTBI, with or without LOC, is associated with increased prevalence of
PTSD, depression, and HRQOL symptoms, as well as altered cytokine
levels, compared to personnel who did not sustain a TBI in recent
combat. We hypothesized that military personnel who sustained a TBI
with LOC would have more psychological symptoms (PTSD and de-
pression), reductions in HRQOL and heightened inflammatory cyto-
kines in comparison to TBI without LOC and controls (no history of
TBI).

2. Methods

The Institutional Review Board #145947 at Madigan Army Medical
Center in Tacoma, Washington approved this study. Written informed
consent was provided by each participant prior to study participation.

2.1. Participants

Participants were 144 U.S active duty military personnel, from a
larger military cohort referred for sleep difficulties to the Madigan
Sleep Disorders Clinic. The methods have been detailed previously
(Mysliwiec et al., 2013), however briefly, all participants underwent a
sleep medicine evaluation and diagnostic polysomnogram. Inclusion for
this study was that participants had returned from deployment within
18 months prior to study participation. Exclusion criteria included; 1)
no ongoing treatment, or military administrative actions regarding drug
or alcohol abuse, 2) current serious medical condition (i.e. autoimmune
disorders, cancer, diabetes) or current unstable psychiatric condition
(i.e. bipolar, schizophrenia), and 3) severe neurological disorder (i.e.
stroke history, multiple sclerosis, seizure disorder). Participants pro-
vided demographic information including, their military status and also
their combat experience using The Combat Experiences Scale (CES)
(Vogt et al., 2008). The total score ranges from O to 15, with higher
scores indicating more varied combat-related exposures on one or more
occasions. Height and weight were also measured to provide a body
mass index (BMI) score, as BMI has been shown to be associated with
inflammation. Participants also self-reported their sleep difficulties.
Sleep diagnoses were classified in accordance with the International
Classification of Sleep Disorders, second edition (ICSD-2)
(Thorpy, 2012). Participants were classified as having primary in-
somnia if they reported one or more sleep-related complaints including
but not limited to difficulty initiating sleep, maintaining sleep, or sleep
that is chronically nonrestorative, and with at least one of the asso-
ciated symptoms of daytime impairment. Obstructive sleep apnea
(OSA) was diagnosed if the participant's PSG demonstrated apneas or
hypopneas with an apnea-hypoxia index (AHI) >5/h.

2.2. Measures

PTSD symptoms were assessed using the PTSD Checklist-Military
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(PCL-M) Version (Wilkins et al., 2011). The PCL-M has been shown to
be a reliable and valid measure of PTSD severity (Wilkins et al., 2011).
There are 17 questions with responses ranging from 1 “Not at all” to 5
“Extremely”, with possible total scores ranging from 17 to 85. Higher
scores are indicative of greater severity of PTSD.

Depression symptoms were assessed using The Quick Inventory of
Depressive Symptomatology (QIDS), which is a reliable and valid tool
for measuring major depressive disorder (Rush et al., 2003). The
questionnaire consists of 16 questions and scores range from 0 to 27,
with a higher score indicative of greater severity of depression symp-
toms.

HRQOL was assessed using the 36-Item Short Form Survey (SF-36)
(Jenkinson et al., 1994). This 36-question measure consists of eight
subscales: vitality, physical functioning, bodily pain, general health
perception, physical role functioning, emotional role functioning, social
role functioning, mental health. Higher scores, on each of the subscales,
are indicative of better HRQOL.

2.3. Determining TBI with LOC groups

History of TBI and LOC were determined using the Warrior
Administered Retrospective Casualty Assessment Tool (WARCAT), a
self-report measure of deployment history and war-related injuries
(Terrio et al., 2011). The WARCAT assesses war-related and post-de-
ployment injuries by investigating the mechanisms of injury and eval-
uates immediate symptoms or loss of consciousness following the in-
jury. Participants were classified as mTBI-positive (+) if during their
most recent deployment they self-identified has having (1) sustained a
blow to the head and/or head injury, and (2) reported any period of
LOC and/or symptoms of concussion (i.e. “being dazed, confused, or
seeing stars). Duration of LOC was self-reported on the WARCAT. The
potential responses on the WARCAT for LOC duration is a) less than one
minute, b) for 1-20 min or c) greater than 20 min. As LOC duration of
less than 30 min is typically classified as mild according to the DOD
(Terrio et al., 2009), any participant who endorsed “greater than
20 min” were removed from the analyses (n = 1). Controls were those
participants who did not report a TBI during their most recent de-
ployment and reported that they had “never” had a concussion or other
head injury prior to this deployment. As such, participants were split
into three groups in accordance with their TBI status and LOC duration;
(1) Controls; no history of TBI or LOC (n = 82); (2) TBI w/out LOC;
sustained a TBI at most recent deployment but no period of LOC
(n = 36), (3) TBI w LOC; sustained a TBI at most recent deployment
with a concurrent period of LOC of less than 20 min (n = 25).

2.4. Laboratory analysis

Non-fasting, blood plasma samples were drawn at Madigan Sleep
Disorders Clinic and processed in accordance with standard procedures
(Olivera et al., 2015). Aliquoted samples were stored at —80 °C. Sam-
ples were collected between 8:45 am and 3:50 pm (M = 11:36;
SD = 1 h 56 mins). It is noted that time of sample collection and cy-
tokine concentrations of TNFa, IL-6 and IL-10 were not significantly
correlated (p = 0.635, 0.200, and 0.863 respectively). Cytokines were
measured using the Simoa™ high definition-1 (HD-1) technology, an
ultra-sensitive assay that can detect protein levels in peripheral blood.
Cytokines were quantified using the Cytokine 3-Plex assay kit (Quan-
terix, Lexington, MA) for simultaneous measurement of TNFa, IL-6 and
IL-10. The assays were run in duplicate and samples were blinded to
experimenters. The lower limit of detection for TNFa, IL-6 and IL-10
was 0.126 pg/mL, 0.330 pg/mL and 0.034 pg/mL, respectively. The
intra- and inter-assay coefficient of variation (CV) values were less than
10%.
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Table 1
Demographics of the sample.
TBI

Controls w/out LOC w LOC F/y? P

N =82 N =36 N=25
Age (years); mean (SD) 32.7 (7.1) 33.1 (9.1) 33.0 (9.2) 0.05 0.953
Gender (Male); no. (%) 77 (94) 36 (100) 25 (100) 3.85 0.146
Race; no. (%) 8.19 0.770
White 49 (60) 25 (69) 16 (64)
Black 12 (14) 38 1@
Asian 5(6) 103 14
Pacific Islander 5 (6) 13 2(8)
Native American 1) - -
Mixed Race 34 4(11) 3(12)
Other/Unknown 709 2 (6) 2(8)
Marital Status; no. (%) 4.87 0.561
Single 11 (13) 4(13) 2(8)
Married 60 (73) 26 (71) 16 (65)
Separated 5(6) 3(8) 519
Divorced 6 (8) 38 2(8)
BMI; mean (SD) 29.6 (4.3) 28.9
4.4) 30.2 (4.0) 0.75 0.474
Service Branch; no. (%) 2.27 0.686
Army 77 (94) 33 (91) 25 (100)
Air Force 4 (5) 2 (6) -
Navy 1) 113 -
Military Rank; no. (%) 0.76 0.944
NCO 40 (55) 16 (50) 14 (61)
Officer 5 (6) 2 (6) 14
Junior 28 (38) 14 (44) 8 (35)
Combat Exposure; mean (SD) 5.6 (3.8) 7.9 (3.9) 9.4 (4.1) 11.02 < 0.001
Number of Deployments; median (IQR) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 2.0 (1.0-2.5) 1.48 0.231
Number of prior concussions; median (IQR) - 1 (0-2) 0 (0-3) 0.08 0.894
Time since last deployment (>6months); no., (%) 58 (71) 29 (81) 20 (80) 1.71 0.425
Insomnia (Yes); no. (%) 29 (36) 23 (66) 18 (72) 14.35 0.001
OSA (Yes); no. (%) 47 (65) 17 (52) 17 (68) 2.25 0.324

Note: SD — Standard deviation; no — number; BMI — Body Mass Index; OSA — Obstructive Sleep Apnea.

2.5. Statistical analysis

All statistical analyses were conducted using Statistical Package for
the Social Sciences (SPSS software version 22.0; IBM SPSS Inc.).
Analysis of variance (ANOVA) and Chi-squared analysis were used to
identify group differences on the key demographic variables. Analysis
of Covariance (ANCOVA) was also performed to identify group differ-
ences on the main outcome variables, controlling for significant group
differences on insomnia prevalence and CES history. Post-hoc analyses
were conducted applying a Bonferroni adjustment for multiple com-
parisons; all analyses had a significance level of p < 0.05. To determine
if any of the cytokines were significantly associated with psychological
symptom severity in participants with a history of TBI, Pearson's cor-
relations were conducted.

3. Results
3.1. Sample characteristics

Demographic and military characteristics of the sample are pro-
vided in Table 1. The majority of the sample were white (63%) and
male (97%). Participants in this study returned from deployment be-
tween 3- and 18-months prior to study participation. Across the groups
there were no significant differences on the number of deployments,
time since deployment, or military rank, however combat exposure did
significantly differ. Post-hoc analysis indicated that both the TBI w LOC
and TBI w/out LOC groups had significantly higher combat exposure
scores than controls (p < 0.001 and p = 0.008, respectively), however
they did not significantly differ from each other (p = 0.489). The
groups did not significantly differ for presence of OSA (p = 0.324),
however they did significantly differ on prevalence of insomnia
(x* = 14.35,p = 0.001). In accordance with z-proportional differences,
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the control group had significantly lower prevalence of insomnia
compared to the two mTBI groups, however, the mTBI groups did not
significantly differ.

3.2. Group analysis of psychological outcomes and QOL

Table 2 illustrates group differences on PTSD and depression. The
overall ANCOVA models were significant for PTSD and depression
symptoms (p < 0.001 and p < 0.001, respectively). PTSD symptoms
significantly differed across the groups, even after controlling for CES
and insomnia status (p < 0.001). The control group had significantly
lower reported PTSD symptoms than both TBI groups. TBI w LOC and
TBI w/out LOC did not significantly differ. This pattern of responses
across the groups was similar for depression symptoms (p = 0.001).
Within the PTSD model, both insomnia status and CES were significant
predictors of PTSD symptom severity (p = 0.005, and p = 0.003, re-
spectively). Within the depression model, only insomnia status was a
significant predictor (p = 0.001).

ANCOVA analysis indicated that there were significant group dif-
ferences for all eight sub-scales of HRQOL. As seen in Table 3, in all
analyses, the control group reported significantly higher HRQOL than
both TBI groups, even after controlling for CES and insomnia status.

Table 2
Group differences on PTSD and depression.
PTSD Depression
F P e F P e
Insomnia 8.14 0.005 0.057 12.13 0.001 0.083
CES 9.25 0.003 0.065 2.31 0.131 0.017
TBI Group 12.87 <0.001 0.161 7.19 0.001 0.097

Note: qu; partial eta squared.
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Table 3
Group differences for eight SF-36 subgroups.
Emotional Wellbeing Energy/Fatigue General Health Perception Pain
F p ’7p2 F p ’7p2 F p ’7p2 F p '7p2
Insomnia 11.42 0.001 0.080 7.74 0.006 0.055 7.74 0.006 0.055 5.53 0.020 0.040
CES 1.16 0.284 0.009 0.21 0.652 0.002 0.85 0.359 0.006 1.35 0.247 0.010
TBI Group 4.90 0.009 0.069 7.78 0.001 0.105 7.29 0.001 0.100 6.12 0.003 0.084
Physical Function Personal/Emotional Problems Physical Health Problems Social Functioning
F P ny F P - F p ny F p e
Insomnia 3.68 0.057 0.027 8.71 0.004 0.066 5.74 0.018 0.042 9.00 0.003 0.064
CES 0.11 0.740 0.001 1.66 1.99 0.012 1.25 0.265 0.009 4.71 0.032 0.034
TBI Group 3.92 0.022 0.056 4.66 0.011 0.066 8.49 <0.001 0.114 8.66 <0.001 0.116

Note: rlpz; partial eta squared.

There were no significant differences between the TBI w LOC and TBI
w/out LOC for symptom severity on the SF-36, except for the subscale
of pain. Self-reported pain was significantly greater in the TBI w LOC
group compared to both the TBI w/out LOC (p = 0.024) and controls
(p = 0.002). Pain severity did not differ between TBI w/out LOC and
controls (p = 1.00). Finally, the difference between TBI w LOC and TBI
w/out LOC on physical functioning was trending towards significance
(p = 0.062). Across each of these ANCOVA models, CES was a sig-
nificant predictor of social functioning only. In contrast, insomnia
status was significantly associated with worse SF-36 scores on all sub-
scales, except physical functioning (p = 0.057).

3.3. Group analysis of biomarkers of inflammation

ANCOVA models were used to examine if there were differences
across the groups on IL-6, —10, and TNFa, controlling for insomnia
status and CES. For IL-6, the model was significant (F(4126) = 7.67,
p < 0.001), even after controlling for CES and insomnia status. Post-hoc
analyses indicated that IL-6 was elevated in the TBI w LOC group
compared to both the TBI w/out LOC and control groups (p < 0.001 for
both comparisons). IL-6 concentrations did not differ between the TBI
w/out LOC and control groups (p = 1.00). Insomnia status was a sig-
nificant predictor of IL-6 concentrations in this model (F1126) = 4.17,
p = 0.043), however, CES was not significant (p = 0.326). Presence of
insomnia was associated with an 0.37 pg/ml increase in IL-6 con-
centrations compared to no insomnia. The ANCOVA models for both IL-
10 and TNF-a did not reach statistical significance (F125) = 1.46,
p = 0.219, F4127) = 1.28, p = 0.281, respectively).

As the mTBI groups reported significantly greater symptom severity,
regardless of LOC, we wanted to determine if there were any correlation
between IL-6, —10 and TNFa and symptom severity in participants
with a history of mTBI (n = 54). The mTBI groups did not significantly
differ in insomnia status or CES, therefore, these variables were not
controlled for in this analysis. Increased concentrations of TNFa were
associated with greater PTSD symptom severity (r = 0.36, p = 0.005).
There were no other associations found between the cytokines and the
psychological and HRQOL outcomes.

4. Discussion

Here, we report that mTBIs with an associated period of LOC (<
20mins), are associated with elevations in IL-6 concentrations and pain
symptom reporting, over and above that of TBIs without LOC and
controls. However, contrary to our predictions, sustaining any form of
mTBI (with or without LOC) was associated with greater PTSD and
depression symptoms, as well as declines in all eight domains of HRQOL
compared to controls. These findings provide insights into the psy-
chological and inflammatory consequences of TBIs that are related to
health morbidity and mortality. Furthermore, these finding suggests
that, in military personnel, inflammation may be exacerbated by LOC
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rather than the TBI itself which may provide insights into the role of
LOC in inflammation.

This paper supports previous research that link TBIs to higher rates
of depression and PTSD (Vasterling et al., 2017b). Previous research
found that “being knocked out” was linked to greater risk of PTSD in
military personnel (Vasterling et al., 2017a), in this study, participants
who had sustained a TBI with LOC did not have greater PTSD and de-
pression symptoms. However, sustaining a TBI both with and without
LOC were associated with significantly greater PTSD and depression
symptoms in comparison to controls with no history of TBIL. One factor
that was observed to be affected by LOC was pain severity. Participants
who sustained an mTBI with LOC had the highest reported pain (in-
dicated by lowest score on the SF-36), which was significantly greater
than both the mTBI without LOC and control groups. Furthermore,
there was no difference between the mTBI without LOC and control
group, indicating that LOC has an effect on exacerbating pain symp-
toms, even after controlling for insomnia status and CES. This differ-
ence may be due to the severity of injury, which is consistent with other
studies which report a positive association between pain and TBI se-
verity (Hoge et al., 2008; Kay et al., 1971). In a survey of 2525 military
personnel, participants who sustained LOC (<30 mins) reported sig-
nificantly more bodily pain than those who had sustained other non-TBI
related injuries (Hoge et al., 2008). However, whether bodily pain,
results from the increased injury severity, the violent trauma in which
the TBI may have occurred, and/or due to underlying pathophysiology
remains to be determined (Kirshblum et al., 2011; Nampiaparampil,
2008).

Our finding of elevated IL-6 concentrations in TBI with LOC sup-
ports previous research which showed that IL-6 is implicated in re-
covery from TBIs. All participants in this study had sustained a TBI
within their last deployment, and for the majority (~80%) had re-
turned from deployment greater than 6 months prior to testing. Thus,
this finding may suggest that having a TBI with LOC is associated with
immune dysregulation which has consequences overtime. Chronic in-
flammation, including elevated inflammatory cytokines have been
linked to cell death, microglial activation, axonal and astroglial dys-
function, and increased permeability of the blood-brain-barrier (Brown
and Vilalta, 2015; Kim et al., 2015). IL-6 elevations have also been
linked to increased health risks such as obesity, cardiovascular disease
(Yudkin et al., 2000), and mortality (Harris et al., 1999; Stensballe
et al., 2009). Furthermore, IL-6 concentrations have been linked to
psychological and behavioral symptoms including, PTSD and depres-
sion (Devoto et al., 2017; Licastro et al., 2016). A recent study of active
duty military and veterans who had sustained a mTBI, found that PTSD
was associated increased IL-6 concentrations (Devoto et al., 2017).
Taken together, this research indicates that IL-6, may be an important
indicator of dysregulation and may be particularly important to
monitor following TBIs with LOC. Examining the longitudinal effects of
these heightened patterns following mTBI with LOC is needed.

We also report that higher TNFa is associated with increased PTSD
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symptomology for participants with a history of TBI. This supports prior
research, including a recent review which indicated that plasma/serum
levels of TNFa were consistently elevated in participants with PTSD
compared to healthy controls (Hussein et al., 2017). TNFa plays a key
role in immune-regulation, it has been associated with stress and sev-
eral psychiatric disorders, including, depression and Alzheimer's dis-
ease (Himmerich et al., 2015, 2016; Schmidt et al., 2014). As such, it
has been suggested that TNFa may be a biomarker of PTSD and psy-
chopathology more generally. In accordance with the findings of this
study, TNFa may be a marker of PTSD symptomology in those who
have sustained an mTBI. However, additional work to elucidate the
direction of association and role of cytokines such as TNFa in PTSD, is
needed. Pre- and post-deployment measures may provide significant
insights as to the role of injury and everyday stressors experienced as
part of military life (e.g. poor sleep and shift work conditions) which
may affect the trajectory of both PTSD symptoms and cytokines.

Sleep disturbances are highly prevalent following TBI, with ap-
proximately 50% of all individuals suffering from clinically significant
sleep disturbances following their injury (Mathias and Alvaro, 2012).
Disrupted sleep is associated with a wide range of health, social and
economic costs that may prolong TBI recovery and reduce quality of life
(Hossain and Shapiro, 2002). The results of this study indicated that
insomnia status was significantly associated with greater PTSD and
depression symptoms, declines in all but one of the HRQOL subscales
(physical functioning; p = 0.057), and was associated with increased
IL-6 concentrations. This supports an abundance of research which in-
dicates poor sleep leads to worse psycho-social and health outcomes.
This is particularly pertinent in military personnel who are already at
high risk of sleep disorders such as insomnia (Mysliwiec et al., 2013).
Indeed, a recent study found that veterans with TBI and PTSD reported
more severe insomnia status and worse quality of life due to poor sleep
(Balba et al., 2018). Although we are unable to determine if insomnia
preceded the TBI and/or symptoms our findings indicate that it is vital
to consider sleep when examining TBI outcomes.

This study was limited by the reliance on self-reported assessment to
determine mTBI and symptoms. Further this study includes a relatively
small, cross-sectional sample who were seeking treatment at a sleep
clinic. Whilst sleep problems are prevalent in the wider military context
(Mysliwiec et al., 2013), further research is needed to ensure that the
findings of this study can be generalized more widely to both military
and civilian populations. Thus, additional longitudinal research is
needed to elucidate the role of LOC on symptom perturbation, main-
tenance, and cytokine regulation. Furthermore, imaging such as CT
and/or MRI would be beneficial to identify if the outcomes observed in
this study are a result of severity of injury. The results of this study
highlight, that mTBI with LOC may complicate recovery through ex-
acerbating pain symptoms and affecting the regulation of IL-6. Further,
we have supported a wealth of studies which show that TBI, regardless
of LOC duration, affects psychological outcomes. To improve outcomes,
management, and treatment of mTBI in the military and veteran po-
pulation, longitudinal research that accounts for both mTBI with and
without LOC is vital.

Acknowledgments

We thank the military personnel for their service to our nation and
their participation in this study. The opinions and assertions in this
manuscript are those of the authors and do not represent those of the
Department of the Air Force, Department of the Army, Department of
Defense, or the U.S. government.

Funding
The work was performed at the Madigan Army Medical Center,

Tacoma, WA. Partial funding support was provided by the Center for
Neuroscience and Regenerative Medicine (#60855).

38

Psychiatry Research 279 (2019) 34-39

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.psychres.2019.07.001.

References

Armed Forces Health Surveillance Center, 2010. Insomnia, Active Component, US Armed
Forces January 2000-December 2009. pp. 12-15.

Balba, N.M., Elliott, J.E., Weymann, K.B., Opel, R.A., Duke, J.W., Oken, B.S., et al., 2018. .
Increased sleep disturbances and pain in veterans with comorbid traumatic brain
injury and posttraumatic stress disorder. J. Clin. Sleep Med. 14 (11), 1865-1878.

Brown, G.C., Vilalta, A., 2015. How microglia kill neurons. Brain Res. 1628, 288-297.

Capaldi, V.F., Guerrero, M.L., Killgore, W.D., 2011. Sleep disruptions among returning
combat veterans from Iraq and Afghanistan. Mil. Med. 176 (8), 879-888.

Collins-Praino, L.E., Arulsamy, A., Katharesan, V., Corrigan, F., 2018. The effect of an
acute systemic inflammatory insult on the chronic effects of a single mild traumatic
brain injury. Behav. Brain Res. 336, 22-31.

Combs, H.L., Berry, D.T.R., Pape, T., Babcock-Parziale, J., Smith, B., Schleenbaker, R.,
et al.,, 2015. . The effects of mild traumatic brain Injury, post-traumatic stress dis-
order, and combined mild traumatic brain injury/post-traumatic stress disorder on
returning veterans. J. Neurotrauma 32 (13), 956-966.

Devoto, C., Arcurio, L., Fetta, J., Ley, M., Rodney, T., Kanefsky, R., et al., 2017.
Inflammation relates to chronic behavioral and neurological symptoms in military
personnel with traumatic brain injuries. Cell Transplant. 26 (7), 1169-1177.

Ferreira, L.C., Regner, A., Miotto, K.D., Moura, S., Ikuta, N., Vargas, A.E., et al., 2014.
Increased levels of interleukin-6, -8 and -10 are associated with fatal outcome fol-
lowing severe traumatic brain injury. Brain Inj. 28 (10), 1311-1316.

Gao, H., Han, Z., Bai, R., Huang, S., Ge, X., Chen, F,, et al., 2017. The accumulation of
brain injury leads to severe neuropathological and neurobehavioral changes after
repetitive mild traumatic brain injury. Brain Res. 1657, 1-8.

Harris, T.B., Ferrucci, L., Tracy, R.P., Corti, M.C., Wacholder, S., Ettinger, W.H., et al.,
1999. Associations of elevated Interleukin-6 and C-Reactive protein levels with
mortality in the elderly. Am. J. Med. 106 (5), 506-512.

Hernandez-Ontiveros, D.G., Tajiri, N., Acosta, S., Giunta, B., Tan, J., Borlongan, C.V.,
2013. Microglia activation as a biomarker for traumatic brain injury. Front. Neurol.
4, 30.

Himmerich, H., Willmund, G.D., Zimmermann, P., Wolf, J.E., Buhler, A.H., Holdt, L.M.,
et al., 2015. Serum concentrations of TNF-alpha, STNF-R p55 and p75 and post-
traumatic stress in German soldiers. Eur. Cytokine Netw. 26 (3), 57-60.

Himmerich, H., Willmund, G.D., Zimmermann, P., Wolf, J.E., Buhler, A.H., Kirkby, K.C.,
et al., 2016. Serum concentrations of TNF-alpha and its soluble receptors during
psychotherapy in German soldiers suffering from combat-related PTSD. Psychiatr.
Danub. 28 (3), 293-298.

Hoge, C., et al., 2008. Mild traumatic brain injury in U.S. Soldiers returning from Iraq. N.
Engl. J. Med. 358 (5), 453-463.

Hossain, J.L., Shapiro, C.M., 2002. The prevalence, cost implications, and management of
sleep disorders: an overview. Sleep Breath 6 (2), 85-102.

Hussein, S., Dalton, B., Willmund, G.D., Ibrahim, M.A.A., Himmerich, H., 2017. A sys-
tematic review of tumor necrosis factor-alpha in post-traumatic stress disorder: evi-
dence from human and animal studies. Psychiatr. Danub. 29 (4), 407-420.

Jenkinson, C., Wright, L., Coulter, A., 1994. Criterion validity and reliability of the SF-36
in a population sample. Qual. Life Res. 3 (1), 7-12.

Kay, D.W.K., Kerr, T.A., Lassman, L.P., 1971. Brain trauma and the postconcussional
syndrome. The Lancet 298 (7733), 1052-1055.

Kim, E.J., Pellman, B., Kim, J.J., 2015. Stress effects on the hippocampus: a critical re-
view. Learn. Mem. 22 (9), 411-416.

Kirshblum, S.C., Burns, S.P., Biering-Sorensen, F., Donovan, W., Graves, D.E., Jha, A.,
et al., 2011. International standards for neurological classification of spinal cord
injury (revised 2011). J. Spinal Cord Med. 34 (6), 535-546.

Koponen, S., Taiminen, T., Portin, R., Himanen, L., Isoniemi, H., Heinonen, H., et al.,
2002. Axis I and II psychiatric disorders after traumatic brain injury: a 30-year
follow-up study. Am. J. Psychiatry 159 (8), 1315-1321.

Licastro, F., Hrelia, S., Porcellini, E., Malaguti, M., Di Stefano, C., Angeloni, C., Carbone,
I, et al,, 2016. Peripheral inflammatory markers and antioxidant response during the
post-acute and chronic phase after severe traumatic brain injury. Front. Neurol. 7
189-189.

Mathias, J.L., Alvaro, P.K., 2012. Prevalence of sleep disturbances, disorders, and pro-
blems following traumatic brain injury: a meta-analysis. Sleep Med. 13 (7), 898-905.

McKee, C.A., Lukens, J.R., 2016. Emerging roles for the immune system in traumatic
brain injury. Front. Immunol. 7, 556.

Mysliwiec, V., Gill, J., Lee, H., Baxter, T., Pierce, R., Barr, T.L., et al., 2013. Sleep dis-
orders in US military personnel: a high rate of comorbid insomnia and obstructive
sleep apnea. Chest 144 (2), 549-557.

Nampiaparampil, D.E., 2008. Prevalence of chronic pain after traumatic brain injury: a
systematic review. JAMA 300 (6), 711-719.

Olivera, A., Lejbman, N., Jeromin, A., French, L.M., Kim, H.S., Cashion, A., et al., 2015.
Peripheral total tau in military personnel who sustain traumatic brain injuries during
deployment. JAMA Neurol. 72 (10), 1109-1116.

Rush, A.J., Trivedi, M.H., Ibrahim, H.M., Carmody, T.J., Arnow, B., Klein, D.N., et al.,
2003. The 16-Item quick inventory of depressive symptomatology (QIDS), clinician
rating (QIDS-C), and self-report (QIDS-SR): a psychometric evaluation in patients
with chronic major depression. Biol. Psychiatry 54 (5), 573-583.

Schmidt, F.M., Lichtblau, N., Minkwitz, J., Chittka, T., Thormann, J., Kirkby, K.C., et al.,


https://doi.org/10.1016/j.psychres.2019.07.001
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0001
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0001
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0002
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0002
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0002
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0003
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0004
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0004
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0005
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0005
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0005
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0006
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0006
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0006
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0006
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0007
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0007
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0007
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0009
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0009
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0009
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0010
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0010
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0010
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0011
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0011
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0011
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0012
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0012
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0012
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0013
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0013
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0013
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0014
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0014
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0014
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0014
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0015
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0015
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0016
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0016
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0017
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0017
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0017
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0018
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0018
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0019
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0019
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0020
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0020
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0021
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0021
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0021
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0022
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0022
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0022
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0023
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0023
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0023
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0023
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0024
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0024
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0025
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0025
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0026
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0026
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0026
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0027
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0027
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0028
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0028
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0028
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0029
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0029
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0029
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0029
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0030

R. Kanefsky, et al.

2014. Cytokine levels in depressed and non-depressed subjects, and masking effects
of obesity. J. Psychiatr. Res. 55, 29-34.

Schneider Soares, F.M., Menezes de Souza, N., Lib6rio Schwarzbold, M., Paim Diaz, A.,
Costa Nunes, J., Hohl, A., Nunes Abreu da Silva, P., et al., 2012. Interleukin-10 is an
independent biomarker of severe traumatic brain injury prognosis.
Neuroimmunomodulation 19 (6), 377-385.

Schneiderman, A.IL, Braver, E.R., Kang, H.K., 2008. Understanding sequelae of injury
mechanisms and mild traumatic brain injury incurred during the conflicts in Iraq and
Afghanistan: persistent postconcussive symptoms and posttraumatic stress disorder.
Am. J. Epidemiol. 167 (12), 1446-1452.

Stensballe, J., Christiansen, M., T@Nnesen, E., Espersen, K., Lippert, F.K., Rasmussen, L.S.,
2009. The early IL-6 and IL-10 response in trauma is correlated with injury severity
and mortality. Acta Anaesthesiol. Scand. 53 (4), 515-521.

Terrio, H., Brenner, L.A., Ivins, B.J., Cho, J.M., Helmick, K., Schwab, K., et al., 2009.
Traumatic brain injury screening: preliminary findings in a US army brigade combat
team. J. Head Trauma Rehabil. 24 (1), 14-23.

Terrio, H., Nelson, L., Betthauser, L., Harwood, J., 2011. Postdeployment Traumatic Brain
Injury Screening Questions: sensitivity, Specificity, and predictive values in returning
soldiers. Rehabil. Psychol. 56 (1), 26-31.

Thorpy, M.J., 2012. Classification of sleep disorders. Neurotherapeutics 9 (4), 687-701.

39

Psychiatry Research 279 (2019) 34-39

Vasterling, J.J., Aslan, M., Lee, L.O., Proctor, S.P., Ko, J., Jacob, S., et al., 2017a.
Longitudinal associations among posttraumatic stress disorder symptoms, traumatic
brain injury, and neurocognitive functioning in army soldiers deployed to the Iraq
war. J. Int. Neuropsychol. Soc. 24 (4), 311-323.

Vasterling, J.J., Jacob, S.N., Rasmusson, A., 2017b. Traumatic brain injury and post-
traumatic stress disorder: conceptual, diagnostic, and therapeutic considerations in
the context of co-occurrence. J. Neuropsychiatry Clin. Neurosci. 30 (2), 91-100.

Vogt, D.S., Proctor, S.P., King, D.W., King, L.A., Vasterling, J.J., 2008. Validation of scales
from the deployment risk and resilience inventory in a sample of operation Iraqi
freedom veterans. Assessment 15 (4), 391-403.

Whiteneck, G., Cuthbert, J., Corrigan, J., Bogner, J., 2016. Risk of negative outcomes
after traumatic brain injury: a statewide population-based survey. J. Head Trauma
Rehabil. 31 (1), 43-54.

Wilkins, K.C., Lang, A.J., Norman, S.B., 2011. Synthesis of the psychometric properties of
the PTSD checklist (PCL) military, civilian, and specific versions. Depress. Anxiety 28
(7), 596-606.

Yudkin, J.S., Kumari, M., Humphries, S.E., Mohamed-Ali, V., 2000. Inflammation, obe-
sity, stress and coronary heart disease: is interleukin-6 the link? Atherosclerosis 148
(2), 209-214.


http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0030
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0030
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0031
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0031
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0031
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0031
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0032
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0032
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0032
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0032
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0033
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0033
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0033
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0034
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0034
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0034
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0035
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0035
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0035
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0036
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0037
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0037
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0037
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0037
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0038
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0038
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0038
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0039
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0039
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0039
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0040
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0040
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0040
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0041
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0041
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0041
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0042
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0042
http://refhub.elsevier.com/S0165-1781(18)30878-3/sbref0042

	Mild traumatic brain injuries with loss of consciousness are associated with increased inflammation and pain in military personnel
	Introduction
	Methods
	Participants
	Measures
	Determining TBI with LOC groups
	Laboratory analysis
	Statistical analysis

	Results
	Sample characteristics
	Group analysis of psychological outcomes and QOL
	Group analysis of biomarkers of inflammation

	Discussion
	Acknowledgments
	mk:H1_15
	Funding
	mk:H1_17
	Supplementary materials
	References




