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Keywords:
 Objective:The effects of traumatic brain injury (TBI) incurredduringmilitary service arewidely studied; however,

less is known about TBI resulting from intimate partner violence (“IPV-related TBI”).WomenVeterans are at high
risk for IPV, yet no research has examined future psychosocial health risks associatedwith IPV-related TBI history
in this population.
Methods:We examined psychiatric and physical health outcomes, as well as IPV, in a sample of women Veterans
who, at Time 1, reported IPV-related TBI with (n=13) or without (n=20) persistent symptoms; that is, symp-
toms such asmemory problems, balance problems or dizziness, sensitivity to bright light, irritability, headaches,
and sleep problems that began or got worse immediately following the IPV-related TBI and occurred within the
past week. These women completed web-based surveys 18 months later (Time 2), which included validated
measures of psychiatric and physical health symptoms aswell as past-year IPV.We conducted linear regressions
to model whether T1 IPV-related TBI with persistent symptoms predicted worse health outcomes at T2, in com-
parison to T1 IPV-related without persistent symptoms.
Results: Controlling for significant covariates (i.e., military sexual trauma; MST), IPV-related TBI with persistent
symptoms at Time 1 was associated with significantly worse outcomes at Time 2 across all health outcome do-
mains (sr2 range: 0.12–0.37). After controlling for MST and probable posttraumatic stress disorder (PTSD) at
Time 1, IPV-related TBI with persistent symptoms at Time 1 remained significantly associated with worse
Time 2 symptoms of insomnia, depression, and physical health (sr2 range: 0.12–0.25).
Conclusion:Women who experience IPV-related TBI with persistent symptoms are at higher risk for worse psy-
chosocial health outcomes 18 months later. Findings necessitate screening IPV survivors for TBI with persistent
symptoms and tailoring TBI and psychosocial interventions to reduce risk for ongoing health sequelae.
Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
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1. Introduction

Traumatic brain injury (TBI) acquired in combat operations during
military service has gained attention due to its complexity, frequency,
and range of mental and physical impacts [1–3]. TBI is defined as an al-
teration in brain function, or other evidence of brain pathology, caused
by an external force [4]. According to the Department of Defense,
N380,000 U.S. Service Members have experienced TBI since 2000 [5].
TBI can be classified as mild, moderate, or severe. Mild TBIs, also
known as concussions, are the most common type of TBI to occur in
em, Boston, MA 02130, United
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military and civilian populations [6,7]. Although most individuals re-
cover within weeks or a fewmonths, there are a minority of individuals
who do not fully recover (i.e., TBI with persistent symptoms), and that
can lead to, or exacerbate, risk for harmful physical, psychological, and
social health outcomes, including suicidality [8–13]. However, research
on TBI among military populations has focused predominantly on men
and deployment-related etiologies (e.g., blast exposure).

Since the Iraq and Afghanistan wars began, an unprecedented num-
ber of women have enlisted and served honorably in the military, with
women representing 16.3% of active duty servicemembers and 22.9% of
new recruits [14]. Women constitute 12% of soldiers who served in Iraq
and Afghanistan [15]. Given the combat exclusion policy has been lifted,
it is probable thatwomen servicememberswill face increased exposure
to deployment-related TBI [16]. While a growing literature sheds light
ense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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on the incidence and correlates of deployment-related TBIs in popula-
tions of women Veterans [11,12,16,17], less is known about the physical
and mental health consequences of non-deployment related TBI.

Intimate partner violence (IPV), including physical and sexual vio-
lence perpetrated by a past or current intimate partner, is an important
risk factor for TBI in women Veterans [17,18]. Women Veterans are 1.6
times more likely to experience IPV during their lifetime compared to
their peers who do not serve in the military and experience IPV at ele-
vated rates across their lifetime, especially following separation from
the military [19,20]. IPV behaviors resulting in TBI can include being
beaten up; having one's head hit with a fist or hard object; or by being
thrown down the stairs or off a porch [21]. In addition, strangulation-re-
lated anoxic/hypoxic brain injuries are commonly included in the IPV-
related TBI literature [22]. Kwako and colleagues reported the occur-
rence of TBI (including from strangulation) among IPV survivors seek-
ing emergency shelter or care in an emergency department to range
from 30% to 74% [23]. The civilian literature clearly documents links be-
tween IPV, TBI, and posttraumatic effects [23–27], yet there has been lit-
tle attention to this issue among women Veterans despite their
documented high risk for IPV.

Two studies have examined TBI resulting from IPV (“IPV-related
TBI”) and posttraumatic effects in women Veterans. In a cross-sectional
mail survey of a random sample of Veterans Health Administration
(VHA) patients, approximately 19% of the sample experienced a proba-
ble TBI from partner violence [28]. IPV-related TBI was associated with
higher levels of posttraumatic stress disorder [PTSD] and depressive
symptoms, even when adjusting for prior physical, sexual, and psycho-
logical IPV experiences. The second study was a cross-sectional investi-
gation of IPV-related TBI and concurrent IPV-related PTSD symptoms
among a sample of women Veteran IPV survivors [29]. Approximately
28% of this sample met criteria for IPV-related TBI history, and 12.5%
met criteria for IPV-related TBI with persistent symptoms (i.e., symp-
toms that began or got worse immediately post-injury and occurred
within the past week, such as dizziness, sensitivity to light, irritability,
headaches, sleep, and/or memory disturbances). Women with persis-
tent IPV-related TBI symptoms were nearly 6 times more likely to
have probable PTSD compared those with no IPV-related TBI history.
Thus, probable PTSD is a common health issue among this sample of
women who experienced IPV-related TBI, and requires consideration
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Fig. 1. Participant flow from parent study to inclus
when examining health outcomes that may be associated with IPV-re-
lated TBI with persistent symptoms.

In summary, research to date has identified that women Veterans
are a quickly growing population, are at an elevated risk for experienc-
ing TBI secondary to IPV, and experience, atminimum, acutemental and
physical health effects attributable to IPV-related TBI. However, it is un-
clear what role, if any, PTSDmay play in explaining any long-term asso-
ciations between TBI and future functioning. IPV-related TBI with
persistent symptoms is strongly associated with concurrent probable
PTSD [29]. Some studieswithmilitary populations showdiminishing as-
sociations between TBI history and health symptoms after controlling
for PTSD [30–32], while others demonstrate sustained associations be-
tween TBI and some health outcomes after controlling for PTSD
[1,33,34]. This study builds on previous research and examines associa-
tions between IPV-related TBI with future mental and physical health
symptoms among women Veterans who participated in the prior
study on TBI with IPV survivors and participated in a follow-up survey
18 months later [29]. Based on the cross-sectional results within this
sample for probable PTSD status [29], we expect that women with per-
sistent IPV-related TBI, compared to women without persistent TBI
symptoms, will report worse mental and physical health, as well as
more frequent past-year IPV, at the 18-month follow-up assessment.

2. Methods

2.1. Participants and procedures

Data for this sub-study were drawn from a larger study that
consisted of web-based surveys conducted in 2014 and 2016. The orig-
inal study was planned as a cross-sectional assessment of women Vet-
erans' preferences for IPV care [35] (i.e., Time 1), but was later
expanded to assess health symptoms 18months later (i.e., Time 2). Par-
ticipants were members of the KnowledgePanel®, a probability-based,
non-volunteer access survey panel of 55,000 U.S. adults, representative
of 97% of U.S. households, maintained by GfK research firm [36]. Panel
members were recruited through national random sampling. All
KnowledgePanel® participantswho identified as awoman and as a Vet-
eranwere eligible to participate in the Time1 survey. Participant sample
size and attrition from the Time 1 survey to inclusion in the present
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study are shown in Fig. 1. As reported previously, 411 women veterans
participated in an initial 30-minweb-based survey (representing 75% of
eligible women on the KnowledgePanel®, n= 548) [29,35]. All women
who participated in the Time 1 survey who remained in the
KnowledgePanel® were invited to participate in a follow-up survey
18 months later (n = 330), of whom 266 women completed the Time
2 60-min web-based survey (80.6% of eligible participants; 64.7% of
Time 1 participants). There were no significant differences in demo-
graphic variables or Time 1 probable PTSD status among women who
participated in the Time 2 survey compared to those who did not.
With respect to history of IPV, at Time 1, 225 women reported lifetime
IPV (54.8%). Among these IPV survivors, 63 women (28.1%) reported a
history of IPV-related TBI history. Of these 63 women, 28 reported per-
sistent TBI symptoms and 35 reported prior IPV-related TBI without
persistent symptoms [29].

The present study focused on 18-month outcomes of those with a
history of IPV-related TBI at Time 1. Thus, our sample of interest in-
cluded those women who reported Time 1 (T1) TBI, with or without
persistent symptoms, who participated in the Time 2 (T2) survey (n
= 33: 13 women with persistent symptoms and 20 women without
persistent symptoms). There were no significant differences in attrition
(n=30) in terms of demographic characteristics, IPV, or probable PTSD
status between our two study groups: those with and without persis-
tent TBI symptoms (χ2 (1) = 0.72, p= .453, phi = 0.107). Table 1 dis-
plays the demographic and military related characteristics for the
current samples.
2.2. Measures

2.2.1. Time 1 variables
Probable IPV-related TBI with and without persistent symptoms was

assessed using a modified version of the VA TBI screening tool [37], de-
scribed in detail in the initial study [29]. Women were first considered
to have experienced an IPV-related head event if they reported 1 of 7
events by an intimate partner (e.g., “Hit you in the head with an object,
hand, or fist”, “Broken your teeth or jaw”, and “Strangled/choked you”).
Women thenmet screening criteria for IPV-related TBI history if they re-
ported that IPV-related head events were associated with loss of con-
sciousness, altered consciousness (i.e., being dazed or confused),
posttraumatic amnesia (i.e., not remembering events before or after
the injury), concussion, or head injury. Consistent with prior research
[29], women were considered to meet criteria for probable IPV-related
TBI with persistent symptoms if they reported that one or more post-
concussive symptoms began or got worse following the IPV-related
head event and occurred within the past week (i.e., memory problems
or lapses, balance problems or dizziness, sensitivity to bright light, irri-
tability, headaches, and sleep problems). Only women who reported
Table 1.
Demographic and military-related characteristics among women with IPV-related TBI with an

Variable IPV-related TBI with persistent symptoms
(n = 13)

Demographic and military-related variables
Age (M, SD) 45.85 (15.17)
Race (% non-White) 61.5% (8)
College graduate (% Yes) 23.1% (3)
Married/cohabitating (% Yes) 53.8% (7)
Branch (% Yes)

Army 38.5% (5)
Navy 23.1% (3)
Air Force 30.8% (4)
Marines 7.7% (1)

MST (% Yes)⁎ 84.6% (11)
Combat Exposure (% Yes) 30.8% (4)

⁎ p b .05; MST = Military Sexual Trauma.
probable IPV-related TBI history, with or without persistent symptoms,
were included in this study.

Demographic and military characteristics (age, race/ethnicity, em-
ployment status, income, educational level, and military branch) were
self-reported on the survey andwere considered as potential covariates.
Military sexual trauma (MST)was assessed usingVHA's screener, which
consist of two dichotomous (yes/no) questions: harassment (i.e., “When
you were in the military, did you ever receive unwanted, threatening or re-
peated sexual attention (for example, touching, cornering, pressure for sex-
ual favors, or inappropriate verbal remarks, etc.?”), and military sexual
assault (i.e., “When you were in the military, did you have sexual contact
against your will or when you were unable to say no (for example, after
being forced or threatened or to avoid other consequences?”). Endorse-
ment of either item was considered positive for MST history. History
of combat exposure was assessed with a dichotomous (yes/no) ques-
tion (“During any of your deployments, did you have any exposure to com-
bat (for example, you fired a weapon, were under fire, or saw people who
were injured or killed in battle?”). Demographic and military variables
were considered for inclusion as covariates in the models if they were
significantly associated with T2 outcomes.

Additional potential T1 covariates. Lifetime IPV experiences were
assessed at T1 using the modified Humiliate/Afraid/Rape/Kick (HARK)
tool [38]. The HARK includes 4 dichotomous (Yes/No) items assessing
lifetime IPV experiences (emotional mistreatment, fear, sexual aggres-
sion, and physical violence). The HARK was summed to create an
index between 0 and 4 forms of lifetime IPV (Cronbach's α = 0.79).
This index was used to describe IPV experiences at T1 and evaluate T1
IPV as a potential covariate in themodels. The PCL-5 is a 20-item self-re-
portmeasure that assesses current DSM-5 [39] PTSD symptom severity.
The itemswere anchored toVeterans' IPV at T1. A cut-off score of 33was
used to determine probable T1 PTSD (yes/no) [40]. The PCL-5 has dem-
onstrated good internal consistency (α=0.96), test-retest reliability (r
=0.84), and convergent and discriminant validity in previous research
[40]. The probable PTSD variable was examined as a covariate in the
final regression model. In the present study, the internal consistency
of the PCL-5 at T1 was excellent, α = 0.98.

2.2.2. Time 2 psychosocial health variables
PTSD symptoms were assessed using the PCL-5 [41], as described

above for T1, with two exceptions. First, the itemswere anchored to ex-
periences of any traumatic event. Second, responses were summed to
create a total score, with higher scores indicating greater levels of
PTSD symptoms. The internal consistency of the PCL-5 at T2 was excel-
lent, α = 0.98.

Depressive symptoms were assessed using the 10-item version of
original Center for Epidemiological Studies-Depression Scale (CES-D-
10) [42]. Participants were asked to evaluate a series of depressive
symptoms (e.g., feeling sad, blue, and hopeless) they may have
d without persistent symptoms.

IPV-related TBI without persistent symptoms
(n = 20)

χ2/t

51.35 (11.71) 1.17, p = .249, d = 0.41
40.0% (8) 1.46, p = .296, phi = 0.211
40.0% (8) 1.02, p = .456, phi = 0.175
50.0% (10) 0.05, p = 1.00, phi = 0.038

3.05, p = .385, Cramér's V = 0.304
55.0% (11)
30.0% (6)
15.0% (3)
0% (0)

45.0% (9) 5.18, p = .032, phi = 0.396
15.0% (3) 1.17, p = .393, phi = 0.188
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experienced over the past week. This measure has demonstrated ac-
ceptable convergent and concurrent validity [42,43]. Responses were
summed to create a total score, with higher scores indicating higher
levels of depression symptoms. Cronbach's alpha for the CES-D-10
was excellent, α = 0.94.

Insomnia symptomswere assessed using the Insomnia Severity Index
(ISI) [44], a seven-item measure assessing current (e.g., within the last
two weeks) sleep difficulties. Respondents were asked to rate the na-
ture (e.g., difficulty falling or staying asleep, waking up too early) and
symptoms (e.g., dis/satisfaction or worry due to sleep problems) of
their current sleep problems using a Likert-type scale (range of 0–4).
Scores were summed, with higher scores indicating higher levels of
sleep difficulties. The ISI is a valid and sensitive measure for detecting
perceived sleep difficulties [44]. The internal consistency of the ISI in
the present study was excellent, α = 0.91.

Anxiety symptoms were measured using the Anxiety subscale of the
Depression Anxiety Stress Scale (DASS) [45]. The anxiety subscale has
14 items which assess autonomic, skeletal muscle effects, situational
anxiety, and anxious affect over the past week. Participants were
asked to rate these items on a scale of 1 (“Did not apply to me at all”)
to 4 (“Applied to me very much, or most of the time”). Scores were
summed, with higher scores indicating higher anxiety symptoms. The
DASS has been shown to have high internal consistency and discrimi-
nant validity in a variety of settings [45,46]. The internal consistency
of the anxiety scale of the DASS in the present study was excellent, α
= 0.95.

Physical health symptoms were measured using the Patient Health
Questionnaire (PHQ-15) [47], a well-validated, continuous measure of
physical health symptoms. Participants rated how bothered (0= “Not
bothered at all”, 1= “Bothered a little”, 2= “Bothered a lot”) they
were over the past 4-weeks due to various somatic symptoms (e.g.,
stomach pain, headaches, dizziness). Scores were summed, with higher
scores indicating higher levels of physical health symptoms. The inter-
nal consistency of the PHQ-15 in the present study was excellent, α =
0.88.

Past-year IPV experienceswere assessed at T2 using the Revised Con-
flict Tactics Scales (CTS-2) [48]. Three subscales measuring IPV behav-
iors were included in this study: psychological aggression (sample
item: “shouted at me”), physical IPV (sample item: “punched or hit
me with something that could hurt”), and sexual IPV (sample item:
“used force to make me have sex”). The past-year frequency of each
form of IPV is assessed on a 7-point scale (never to N20 times). Items
are summed using the midpoints of the response categories to create
subscale frequency totals [48]. Overall IPV exposure was calculated for
Table 2.
Bivariate associations among primary study variables (N = 33).

% (N) or M (SD) 2 3 4 5 6

1. IPV-related TBI w/persistent symptoms 39.4% (13) −0.21 −0.07 0.40⁎ 0.19 0
2. Age 49.18 (13.24) – 0.40⁎ −0.04 −0.16 0
3. T1 IPV 3.30 (0.88) – 0.21 −0.10 −
4. MST 60.6% (20) – 0.27 0
5. Combat 21.2% (7) – 0
6. Race: Non-White 48.5% (16) –
7. Probable T1 PTSD 39.4% (13)
8. T2 PTSD symptoms 23.18 (21.65)
9. T2 Depression symptoms 20.36 (13.67)
10. T2 Insomnia symptoms 10.61 (6.35)
11. T2 Anxiety symptoms 8.91 (9.67)
12. T2 Physical health symptoms 11.28 (6.83)
13. T2 Total Past-Year IPV 41.18 (97.47)
14. T2 Past-Year Psychological IPV 18.18 (36.12)
15. T2 Past-Year Physical IPV 13.15 (37.59)
16. T2 Past-Year Sexual IPV 9.85 (27.44)

⁎ p b .05; TBI w/persistent symptoms = IPV-related Traumatic Brain Injury with persistent
= Combat exposure; PTSD = Posttraumatic Stress Disorder.
the present study, as well as frequency of each of the three forms of
IPV. Cronbach's α values for CTS-2 scales were excellent (physical =
0.95, sexual = 0.92, psychological = 0.93).
2.3. Data analysis

Only three participants hadmissing data, which included one to two
missing items on three T2measures. The total missing data represented
fewer than 10% of the measure's items. We therefore computed scales
based on all available data for the entire sample. Bivariate (Pearson) cor-
relations were explored among all T1 and T2 variables of interest. Asso-
ciations between demographic andmilitary-related variables (e.g., MST
and combat exposure) and T2 psychological and physical outcomes
were evaluated to determine whether to adjust for these variables.
Next, T2 outcomes were regressed on persistent and non-persistent
IPV-related TBI symptomswhile controlling for significant demographic
and military-related covariates. Finally, given that literature suggests
PTSD symptoms are an important factor linking TBI to someprospective
health outcomes [32], we assessed whether the association between
persistent and non-persistent IPV-related TBI symptoms and T2psycho-
logical and physical outcomes remainedwhile controlling for T1 proba-
ble PTSD status. Specifically, we regressed T2 psychological and physical
outcomes on persistent and non-persistent IPV-related TBI while con-
trolling for T1 probable PTSD (and significant demographic and mili-
tary-related covariates). The Benjamini-Hochberg method was used to
correct for multiple testing [49].
3. Results

3.1. Bivariate associations

Table 2 presents descriptive information and correlations among all
primary study variables. The positive point-biserial correlations be-
tween IPV-related TBI with persistent symptoms and T2 outcomes indi-
cates that, at the bivariate level, women with IPV-related TBI with
persistent symptoms at T1 reported significantly higher (worse) T2 psy-
chological and physical outcomes than did women without persistent
IPV-related TBI symptoms. Overall, T1 demographic and military vari-
ables were not strongly associated with T2 outcomes, except for MST,
which was significantly and positively associated with T2 PTSD, insom-
nia, and anxiety symptoms. MST was therefore included as a covariate
in subsequent analyses.
7 8 9 10 11 12 13 14 15 16

.21 0.49⁎ 0.48⁎ 0.58⁎ 0.74⁎ 0.47⁎ 0.57⁎ 0.46⁎ 0.47⁎ 0.43⁎ 0.44⁎

.05 −0.21 0.01 −0.06 −0.07 −0.06 −0.26 −0.11 −0.05 −0.13 −0.14
0.27 0.08 0.27 0.12 0.25 0.10 0.19 0.04 0.15 −0.04 −0.01
.29 0.52⁎ 0.41⁎ 0.30 0.46⁎ 0.44⁎ 0.31 0.28 0.24 0.28 0.28
.24 0.34 0.18 0.24 0.21 0.25 0.07 0.34 0.26 0.35 0.36⁎

0.34 0.09 0.05 0.24 0.06 0.04 −0.15 −0.27 0.09 −0.05
– 0.64⁎ 0.57⁎ 0.68⁎ 0.67⁎ 0.55⁎ 0.35⁎ 0.23 0.38⁎ 0.42⁎

– 0.83⁎ 0.59⁎ 0.83⁎ 0.58⁎ 0.49⁎ 0.54⁎ 0.44⁎ 0.41⁎

– 0.66⁎ 0.81⁎ 0.60⁎ 0.39⁎ 0.45⁎ 0.35 0.31
– 0.51⁎ 0.68⁎ 0.27 0.28 0.23 0.26

– 0.67⁎ 0.58⁎ 0.60⁎ 0.55⁎ 0.53⁎

– 0.32 0.39⁎ 0.27 0.27
– 0.94⁎ 0.98⁎ 0.97⁎

– 0.87⁎ 0.84⁎

– 0.98⁎

–

symptoms; IPV = Intimate Partner Violence; MST = Military Sexual Trauma, Combat
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3.2. Regressions controlling for significant demographic and military-re-
lated covariates

Next, we regressed T2 outcomes on persistent and non-persistent
IPV-related TBI symptoms, while controlling for MST. Results are
shown in Table 3. When controlling for MST history, women with per-
sistent IPV-related TBI symptoms reported higher (worse) levels of
each outcome at T2 than did women without persistent symptoms.
Squared semi-partial correlations indicate the unique effects attributed
to each predictor. Specifically, having persistent IPV-related TBI symp-
toms was associated with increased symptoms of: PTSD (sr2 = 0.119),
depression (sr2 = 0.253), insomnia (sr2 = 0.365), anxiety (sr2 =
0.105), and physical health problems (sr2 = 0.238), compared to not
having persistent IPV-related TBI symptoms. In addition, having persis-
tent IPV-related TBI symptomswere associated with increased levels of
total past-year IPV experiences (sr2= 0.147), as well as each subtype of
IPV (i.e., psychological: sr2 = 0.163, physical: sr2 = 0.120, and sexual:
sr2 = 0.128), compared to women who did not have persistent IPV-re-
lated TBI symptoms. MST was not significantly associated with any T2
outcomewhen IPV-related TBI with persistent symptoms status was in-
cluded in the model.
Table 4.
Linear regressions predicting Time 2 outcomes from Time 1 TBI status, controlling for Mil-
itary Sexual Trauma (MST) and Time 1 probable PTSD status.

T2 outcome β t p sr2

PTSD Symptoms (F = 7.71, p = .001, Adjusted R2 = 0.386)
MSTa 0.65 0.39 0.699 0.003
Probable T1 PTSDb 0.50 2.87 0.008 0.158
TBI w/persistent symptomsc 0.21 1.28 0.211 0.031
3.3. Regressions controlling for significant time 1 covariates

Finally, to determine whether differences among those with and
without persistent IPV-related TBI symptoms remained when control-
ling for T1 probable PTSD status, we regressed T2 outcomes on persis-
tent and non-persistent IPV-related TBI symptoms, while controlling
for both T1 probable PTSD status and MST. Results are shown in Table
Table 3.
Linear regressions predicting Time 2 outcomes from Time 1 TBI status, controlling for Mil-
itary Sexual Trauma (MST).

T2 outcome β t p sr2

PTSD Symptoms (F = 6.01, p = .006, Adjusted R2 = 0.238)
MSTa 0.26 1.54 0.133 0.057
TBI w/persistent symptomsb 0.38 2.24 0.033 0.119

Depression Symptoms (F = 7.90, p = .002, Adjusted R2 = 0.301)
MST 0.09 0.54 0.596 0.006
TBI w/persistent symptoms 0.55 3.40 0.002 0.253

Insomnia Symptoms (F = 20.08, p b .001, Adjusted R2 = 0.544)
MST 0.19 1.50 0.145 0.032
TBI w/persistent symptoms 0.66 5.06 b0.001 0.365

Anxiety Symptoms (F = 6.26, p = .005, Adjusted R2 = 0.247)
MST 0.30 1.77 0.087 0.073
TBI w/persistent symptoms 0.35 2.11 0.043 0.105

Physical Health Symptoms (F = 7.45, p = .002, Adjusted R2 = 0.287)
MST 0.10 0.59 0.557 0.008
TBI w/persistent symptoms 0.53 3.27 0.003 0.238

Total Past-Year IPV (F = 4.31, p = .023, Adjusted R2 = 0.172)
MST 0.11 0.63 0.536 0.010
TBI w/persistent symptoms 0.42 2.39 0.023 0.147

Past-Year Psychological IPV (F = 4.27, p = .023, Adjusted R2 = 0.170)
MST 0.07 0.38 0.706 0.003
TBI w/persistent symptoms 0.44 2.51 0.018 0.163

Past-Year Physical IPV (F = 3.66, p = .038, Adjusted R2 = 0.143)
MST 0.13 0.71 0.482 0.014
TBI w/persistent symptoms 0.38 2.11 0.043 0.120

Past-Year Sexual IPV (F = 3.94, p = .030, Adjusted R2 = 0.155)
MST 0.13 0.72 0.475 0.014
TBI w/persistent symptoms 0.39 2.20 0.035 0.128

Bolded results are significant at p b .05. sr2 refers to the squared semi-partial correlation.
PTSD= Posttraumatic Stress Disorder; MST = Military Sexual Trauma; TBI = Traumatic
Brain Injury; IPV = Intimate Partner Violence.

a Reference = No history of MST.
b Reference = IPV-related TBI without persistent symptoms.
4. With respect to the mental and physical health outcomes, whereas
MST was not significantly associated with T2 outcomes, probable T1
PTSD was significantly associated with each mental health outcome at
T2. In the presence of these variables, the presence of persistent IPV-re-
lated TBI symptoms remained significantly and uniquely associated
with higher symptoms of depression (sr2 = 0.124), insomnia (sr2 =
0.201), and physical health problems (sr2 = 0.253), but was not signif-
icantly associated with symptoms of PTSD (sr2 = 0.031) or anxiety (sr2

= 0.021). In addition, women who reported persistent IPV-related TBI
symptoms at T1 reported significantly higher past-year psychological
IPV at T2 (sr2= 0.150). However, the presence of persistent IPV-related
TBI symptomswas not significantly associatedwith levels of T2 physical
(sr2 = 0.069), sexual (sr2 = 0.067), or overall T2 IPV (sr2 = 0.101,
though the latter approached significance (p = .06), likely driven by
the significant psychological IPV result.

4. Discussions

This study furthers our understanding of the psychosocial health
correlates of IPV-related TBI. In our sample of women Veterans, we
found that women who reported IPV-related TBI with persistent
Depression Symptoms (F = 7.81, p = .001, Adjusted R2 = 0.390)
MST −0.07 −0.43 0.673 0.004
Probable T1 PTSD 0.40 2.31 0.028 0.102
TBI w/persistent symptoms 0.41 2.55 0.016 0.124

Insomnia Symptoms (F = 19.77, p b .001, Adjusted R2 = 0.638)
MST 0.04 0.31 0.756 0.001
Probable T1 PTSD 0.40 2.96 0.006 0.099
TBI w/persistent symptoms 0.52 4.21 b0.001 0.201

Anxiety Symptoms (F = 8.99, p b .001, Adjusted R2 = 0.428)
MST 0.08 0.52 0.607 0.004
Probable T1 PTSD 0.55 3.24 0.003 0.187
TBI w/persistent symptoms 0.17 1.08 0.290 0.021

Physical Health Symptoms (F = 6.99, p b .001, Adjusted R2 = 0.360)
MST −0.05 −0.29 0.774 0.002
Probable T1 PTSD 0.37 2.10 0.045 0.088
TBI w/persistent symptoms 0.40 2.45 0.021 0.120

Total Past-Year IPV (F = 2.98, p = .048, Adjusted R2 = 0.156)
MST 0.06 0.29 0.775 0.002
Probable T1 PTSD 0.14 0.68 0.504 0.012
TBI w/persistent symptoms 0.37 1.96 0.060 0.101

Past-Year Psychological IPV (F = 2.77, p = .060, Adjusted R2 = 0.142)
MST 0.08 0.42 0.679 0.005
Probable T1 PTSD −0.04 −0.18 0.855 0.001
TBI w/persistent symptoms 0.453 2.37 0.025 0.150

Past-Year Physical IPV (F = 2.77, p = .060, Adjusted R2 = 0.143)
MST 0.05 0.24 0.813 0.002
Probable T1 PTSD 0.21 1.00 0.325 0.027
TBI w/persistent symptoms 0.31 1.60 0.119 0.069

Past-Year Sexual IPV (F = 3.23, p = .037, Adjusted R2 = 0.173)
MST 0.03 0.14 0.889 0.001
Probable T1 PTSD 0.26 1.28 0.211 0.042
TBI w/persistent symptoms 0.30 1.61 0.119 0.067

Bolded results are significant at p b .05. sr2 refers to the squared semi-partial correlation.
PTSD=Posttraumatic Stress Disorder; T1=Time1;MST=military sexual trauma; TBI=
Traumatic Brain Injury; IPV = Intimate Partner Violence.

a Reference = No history of MST.
b Reference = Probable PTSD Status at T1.
c Reference = IPV-related TBI without persistent symptoms.
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symptoms at T1 reported higher mental and physical health difficulties,
as well as more recent IPV, at T2 compared to women with IPV-related
TBI without persistent symptoms.When adjusting for the contributions
ofMST and T1probable PTSD, IPV-related TBIwith persistent symptoms
continued to be associated with more severe symptoms of depression,
insomnia, and physical health problems 1.5 years later. To our knowl-
edge, this is the first examination of whether persistent IPV-related
TBI symptoms are associated with women's future psychosocial health
and relationship experiences. Results extend prior work by furthering
our understanding of the health impacts of IPV in an understudied yet
rapidly growing population—women Veterans—while accounting for
possible confounding factors [50–53].

Previous literature among populations of women with IPV-related
TBI demonstrates associations between TBI with physical health condi-
tions (e.g., gastrointestinal disorders) and psychiatric symptoms (e.g.,
affective and mood disorders) [27]. The current study furthers this
knowledge base by demonstrating worse health status across domains
of depression, sleep, and physical health among women Veterans
experiencing IPV-related TBI with persistent symptoms, while account-
ing for potential confounding factors, such as MST and PTSD. Under-
standing the relationship between IPV-related TBI and health
symptoms is important for providers who see women that present
with these issues (e.g., depressive symptoms, chronic pain, sleep distur-
bances). Awareness of IPV-related TBI with persistent symptoms and its
associationwith future physical andmental healthmay cue providers to
inquire about IPV-related TBI with persistent symptoms amongwomen
who experience recent or past IPV. TBI screening tools, such as the one
used in this study, and a more comprehensive IPV-related TBI evalua-
tion that captures context, allows patients to detail head and other
bodily injuries, and includes a checklist for documenting immediate
and current post-injury symptoms, could be developed for women
who experience IPV. Discussion of such symptoms would help pro-
viders better understand women's current physical and mental health
needs to inform diagnosis and course of treatment. It is possible that
some of the associations observed between T1 IPV-related TBI with per-
sistent symptoms represent non-recovery from the TBI. It is also possi-
ble that persistent symptoms following TBI may contribute to other
behaviors or experiences that maintain or exacerbate depressive symp-
toms, insomnia and physical health problems. That associations be-
tween IPV-related TBI with persistent symptoms continues to be
associated with some T2 psychosocial problems after adjusting for T1
PTSD suggests that PTSD symptoms are not necessarily mediating the
associations observed. This finding is consistent with research suggest-
ing that an association independent of PTSD exists for deployment-re-
lated TBI and health symptoms among women veterans [33].

When adjusting for MST, a known predictor of past-year IPV among
women Veterans [51–53], persistent IPV-related TBI symptoms were
associated with higher overall past-year IPV, as well as each type of
IPV (physical, sexual, and psychological). When controlling for T1
PTSD, however, persistent IPV-related TBI symptoms continued to be
associated with increased levels of T2 psychological IPV experiences,
but not with T2 physical or sexual IPV experiences. IPV-related TBI
and PTSD have both been independently implicated in increasing risk
for IPV experiences among women [28,54–56]. It is possible that the
presence of TBI history alone, rather than the distinction between
thosewith andwithout persistent symptoms, influences future physical
and sexual IPV risk. It is also possible that an unmeasured variable, such
as avoidance coping [57]maymediate associations between both health
variables and past-year IPV, which may explain the lack of significance
betweenpersistent IPV-related TBI and IPV victimization in the adjusted
model. Given that IPV-related TBI remained marginally associated with
overall IPV experiences in the adjustedmodel, it is also possible that our
small sample size precluded detection of associations in the adjusted
model.

Findings from these studies underscore the importance of
implementing case finding (i.e., inquiry based on symptom profiles or
clinical suspicion) or routine screening practices (i.e., screen all
women who report lifetime IPV) for IPV-related TBI in women seen in
mental health and primary care clinics. Failure to detect IPV-related
TBI with persistent symptoms precludes access to appropriate care, per-
petuates misdiagnosis, and prolongs suffering in women experiencing
IPV [58]. Some healthcare settings, including VHA, screen for IPV
based on national recommendations [59]; however, this is not universal.
Furthermore, current healthcare-based screenings for IPV do not in-
clude items that assess for TBI stemming from IPV. This lack of crossover
between IPV and TBI detection is equally apparent in TBI screeners, as
existing screeners typically do not assess for IPV as an etiology of head
injury [60]. IPV-related TBI screens should include prompts relevant to
events that can result in TBI in this population (e.g., “Has a partner
ever hit you in the head with an object, hand, or fist?”), allow for safe
and private disclosure of IPV experiences, and should be easy to admin-
ister by IPV-knowledgeable staff [60]. The current study's findings ex-
tend support for the potential validity of the modified VA TBI
screening tool for use in detecting IPV-related TBI history with and
without current symptoms. Based on the results of the present study,
assessing for the persistence of symptoms could be critical, given the
suggested associations of IPV-related TBI with negative psychological
and physical health. It is important that IPV-related TBI screening and
follow-up conversations are trauma-informed, and when appropriate,
include referrals for further assessment and intervention [22].

The data suggest that it may be important that women presenting
with an IPV-related TBI, particularly those with persistent symptoms,
also be evaluated for additional psychological distress and physical
health concernswhichmaywarrant treatment. To date, there is nomul-
timodal intervention that addresses the complexity of IPV-related TBIs
and all commonly co-occurring mental health (e.g., depression, PTSD)
or physical health (e.g., chronic pain, nausea) symptoms [61]. However,
there may be opportunities to integrate existing evidence-based thera-
pies that have been found to be effective in treating PTSD and depres-
sion in the IPV population with interventions targeting the sequelae of
TBI. For instance, some current interventions appropriate for IPV survi-
vors with comorbid psychiatric distress (e.g., depression and PTSD) in-
clude a host of cognitive behavioral therapies, psychoeducation, and
referrals to IPV community-based organizations [62,63]. Furthermore,
effective mental health treatments can have the added benefit of
improving women's sleep and overall physical health [63].
Psychoeducation on post-concussive symptoms and resource provision
are also part of interventions for TBI [64,65]. For the women Veteran
population, there are specialized services available in VHA to address
IPV and TBI, including comprehensive TBI evaluation programs that
are increasingly addressing TBI from IPV [66], and interventions for
IPV in development that are personalized, patient-centered [67], and
lend themselves to addressing follow-up care pertaining to IPV-related
TBI.

This study has several limitations. The small sample size limited our
power to observe significant associations between IPV-related TBI sta-
tus and some of the outcome variables in the models adjusting for
both MST and T1 PTSD, particularly given the modest effect sizes of
IPV-related TBI status on some of these constructs. Moreover, the
small sample size precluded us from evaluating the interactions be-
tween IPV-related TBI, MST, and health outcomes. Replication among
larger samples is needed. This study only assessed IPV-related TBI at
T1. It is unknown whether women may have experienced additional
TBIs or other injuries prior to T1 or between the T1 and T2 surveys.
Moreover, we were not able to determine the severity of TBIs reported
in this sample. Women who suffered moderate or severe TBIs (as op-
posed to mild) may be more likely to experience persistent symptoms.
More detailed information, including severity of TBIs as well as fre-
quency of head blows and other physical injuries, is important examine
in future research. Use of semi-structured interviews, such as the Boston
Assessment of Traumatic Brain Injury-Lifetime and the Brain Injury Se-
verity Assessment Interview, could be useful in this regard [68,69].
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Given the small sample size, we were unable to differentiate between
probable TBIs resulting from blows to the head versus strangulation-re-
lated anoxic/hypoxic injuries. Although strangulation is commonly con-
sidered a source of brain injuries in the IPV literature [22,70], we
recognize that it is not typically considered a source of TBI in other clin-
ical and research contexts.

With the exception of PTSD and IPV-related TBI screeners, the T1
survey did not include other measures of psychosocial health. Thus,
the physical and mental health symptoms examined in this study
were assessed only at T2. We therefore could not examine the potential
effects of T1 physical andmental health symptoms on T2 outcomes. As-
sociations should not be considered causal. All data was collected via
self-report. Although all the outcome measures are validated, the reli-
ance on self-report measures for all of the variables examined in this
study raises concerns of shared-method variance. The TBI screener is a
modified version of the VHA screener for deployment-related TBI [37].
The psychometric properties of the IPV-related TBI tool used in the cur-
rent study have not been evaluated. As such, these head injuries should
be considered probable IPV-related TBIs. Future research should include
more comprehensive and multi-source assessments, including clinical
TBI and psychiatric interviews conducted by a trained professional.
Findings should be replicated with samples of women in the commu-
nity and clinical/help-seeking settings.

4.1. Conclusions

IPV-related TBI is a complex and pervasive public health problem
impacting numerous women. Understanding the mental and physical
distress that accompanies an IPV-related TBI with persistent symptoms
can inform screening procedures, interventions, and linkages to com-
prehensive follow-up care across health and social services. Given that
IPV-related TBI is often a “silent injury”, it is critical for providers be
knowledgeable of this treatable health issue.
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