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Abstract

A large proportion (range of 44-75%) of women who experience intimate-partner violence (IPV) have been shown to
sustain repetitive mild traumatic brain injuries (mTBIs) from their abusers. Further, despite requests for research on TBI-
related health outcomes, there are currently only a handful of studies addressing this issue and only one prior imaging
study that has investigated the neural correlates of IPV-related TBIs. In response, we examined specific regions of white
matter microstructure in 20 women with histories of IPV. Subjects were imaged on a 3-Tesla Siemens Magnetom TrioTim
scanner using diffusion magnetic resonance imaging. We investigated the association between a score reflecting number
and recency of IPV-related mTBIs and fractional anisotropy (FA) in the posterior and superior corona radiata as well as
the posterior thalamic radiation, brain regions shown previously to be involved in mTBI. We also investigated the
association between several cognitive measures, namely learning, memory, and cognitive flexibility, and FA in the white
matter regions of interest. We report a negative correlation between the brain injury score and FA in regions of the
posterior and superior corona radiata. We failed to find an association between our cognitive measures and FA in these
regions, but the interpretation of these results remains inconclusive due to possible power issues. Overall, these data build
upon the small but growing literature demonstrating potential consequences of mTBIs for women experiencing IPV, and
further underscore the urgent need for larger and more comprehensive studies in this area.
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Introduction

INTIMATE PARTNER VIOLENCE (IPV) is violence perpetrated
against a partner, boyfriend, girlfriend, or spouse. It is the most
common form of violence against women, with nearly one in three
women over the age of 15 experiencing physical or sexual partner
violence.! It is also the leading cause of homicide for women, with
the highest odds of being murdered by a partner occurring while
trying to leave or after leaving the abusive relationship.>
Although there is a wide range of negative health outcomes
related to IPV, traumatic brain injuries (TBIs)—in particular, re-
petitive mild TBIs (mTBIs)—represent among the most critical yet
greatly understudied sequelae. Few studies, for example, have in-

vestigated TBIs at all in women experiencing IPV, yet the few that
have suggest that IPV-related TBIs are highly prevalent, very often
mild and repetitive, and also related to psychological and cogni-
tive functioning.4 We have, in fact, shown that 75% of women
with a history of IPV sustained at least one partner-related TBI and
nearly 50% sustained repetitive TBIs (44% of which were repeti-
tive mTBIs). These numbers are staggering when one considers that
an estimated ~ 42,000,000 women over the age of 15 in the United
States have experienced physical or sexual abuse.>® This would
translate into ~ 31,500,000 women who have sustained at least one
IPV-related TBI and ~21,000,000 who have sustained repetitive
TBIs in the U.S. Even if these are gross over-estimates of women
sustaining [PV-related TBIs, these numbers dwarf the combined
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number of military and National Football League TBIs or concus-
sions reported. Using annual estimates of severe physical violence
(totaling ~ 3,200,000 women), ~ 1,600,000 women can be estimated
to sustain repetitive [PV-related TBIs in comparison to the total
annual numbers of TBIs reported for the military and NFL at 18,000
and 281 respectively.”® Whereas the need to address TBIs in the
athletic and military domains has been recognized and is currently
addressed with a tremendous amount of resources and research, there
are only a handful of studies addressing this issue in women victims
of IPV. These data and numbers underscore the critical nature and
urgency of increasing our understanding of IPV-related TBIs.

In our previous work attempting to do just this, we demonstrated
that a TBI score derived from number, recency, and severity of
TBIs was associated with memory, learning, and cognitive flexi-
bility.* Based on these and other data supporting the high preva-
lence estimates of IPV-related TBIs, there has been a number of
calls for additional research in this highly understudied area.®™"!
This is critically important, as the findings from such research
would provide the knowledge required for appropriate interactions
and interventions with women experiencing IPV-related mTBI.
Understanding the psychological or cognitive symptoms reported
by women in the context of mTBI, rather than simply ‘‘psycho-
logical stress,” should prompt providers to incorporate mTBI-
sensitive interventions at all levels of support. This would represent
a change in the state of most current interventions that fail to take
mTBI or its sequelae into account.

One question in dire need of attention pertains to the neural
mechanisms of [PV-related TBI and their association with cogni-
tive functioning. There is a growing literature showing that ab-
normalities in functional and structural neural connectivity are
related to cognitive functioning after sustaining non-partner-related
mTBIs.'>'? Yet, only one study to date has explicitly examined
this question in women experiencing IPV. In this previous study,
modeled after replicated findings by Bonelle and colleagues and
Jilka and colleagues,'*'> we used resting state functional magnetic
resonance imaging (MRI) along with neuropsychological assess-
ment measures to investigate the association between number, re-
cency, and severity of IPV-related TBIs, neural connectivity, and
cognitive functioning.'® We found that 75% of the sample sus-
tained repetitive IPV-related mTBIs and more importantly, that our
TBI measure was negatively associated with the degree of resting
state functional connectivity between nodes of the default mode
and salience networks. Additionally, the strength of this network
connection was positively associated with memory and learning
measures. Notably, emotional disturbances such as post-traumatic
stress disorder (PTSD), depression, and anxiety are often reported
by women experiencing IPV, and these emotional disturbances
themselves have been associated with abnormalities in brain struc-
ture and function.!”2° Therefore, we also accounted for the effects
of these emotional disturbances in this previous study, and showed
the relationship between TBI and functional connectivity to hold
strong. This study represented a small first step in understanding the
neural mechanisms underlying TBI and cognitive functioning in
women experiencing [PV.

In the current study, we aimed to extend this extremely limited
literature by investigating possible microstructural alterations as-
sociated with IPV-related mTBI using diffusion MRI, an imaging
methodology sensitive to the movement of water molecules within
neural structures. The focus on mild rather than moderate-to-severe
TBI is important, as mTBIs have been shown to be the most com-
mon and repetitive types of IPV-related TBIs and they typically
go unreported and unaddressed.*'® Additionally, diffusion tensor
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imaging (DTI), and more specifically fractional anisotropy (FA), has
been used extensively to evaluate the microstructure of white matter
regions in populations sustaining mTBIs. FA measures the orientation
dependency of water molecule diffusion. It is high within white
matter, where water molecules diffuse faster along the tracts than
perpendicular to the tracts, and is low in gray matter or cerebrospinal
fluid (CSF), where water molecules diffuse the same in all direc-
tions.'? Previous studies have confirmed FA alterations in individuals
who have sustained repetitive non-IPV related mTBIs."?

Many of the diffusion imaging papers examining the effects of
repetitive mTBIs have focused on regions comprised of long fiber
tracts that are highly susceptible to axonal injury.>'* Such axo-
nal injuries are induced by biomechanical forces of head impacts,
which are often seen in repetitive head injuries. For example, Ga-
jawelli and colleagues® reported post-season FA changes in re-
gions of the corona radiata (CR) in youth football players. Based in
part on these data, Coughlin and colleagues®® examined regions of
interest (ROIs) in the posterior (P), superior (S), and anterior (A)
CR, as well as in the posterior thalamic radiation (PTR) in current
and former National Football League players. With the exception
of the ACR, they found medium to large effect sizes (e.g., Cohen’s
d’s range from ~ 0.67 to 1.2) for all ROIs, with lower FA values in
these regions for the repetitive mTBI athletes relative to controls.
Since our current sample was somewhat small, we chose to con-
duct highly focused analyses on a select group of ROIs that have
shown prior associations with repetitive mTBIs. Also, FA is the
most commonly used diffusion metric, and of the two used in the
Coughlin study, FA was the only one that had large effect sizes.
Therefore, we focused our analyses solely on FA. Thus, in our
current study we investigated FA within the PCR, SCR, and PTR, in
an attempt to replicate the previous findings. We also examined
FA within these ROISs in relation to several measures of cognitive
functioning (i.e., learning, memory, and cognitive flexibility), that
we have previously shown to be related to a score based on the
number, recency, and severity of TBIs.'®

A limitation of standard diffusion methodologies is the inad-
vertent inclusion of CSF in the diffusion metric. In order to max-
imize our chances of detecting effects of repetitive mTBIs in white
matter microstructure, we corrected the FA measure for CSF con-
tamination using the free-water imaging methodology.””*® This
method corrects for partial volume with extracellular free-water
and calculates a corrected FA measure, thereby increasing its pre-
cision.?>® Free-water imaging has been successfully applied to a
range of populations including individuals with mTBIs.*'

In summary, we used diffusion MRI with corrected FA metrics
to examine the association between IPV-related mTBI and diffu-
sion within select ROIs (e.g., PCR, SCR, and PTR). We then ex-
amined possible associations between FA of our ROIs and several
facets of cognitive functioning. We hypothesized that the com-
bined number and recency of brain injuries would be negatively
associated with FA and that measures of FA within those regions
would be positively associated with performance on cognitive tasks.

Methods

Participants were 20 women recruited from women’s shelters,
domestic violence programs, and word-of-mouth. To be included
in the study, at least one incident of physical abuse needed to
be reported. Age and race of the women were as follows: mean
age=32.3 (standard deviation [SD]=10.9); 55% African Ameri-
can, 30% Caucasian, 10% Latina, and 5% mixed race. The mean
reading achievement of the group, as assessed with the Wide Range
Achievement Test 3 (WRAT-3)*? Reading measure was 89.7
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(SD=12.6). Women reported a mean 11.8 (SD=2.0) years of ed-
ucation, and 15% were currently employed. (If a woman received
a general equivalency diploma, we considered that as 12 years of
education. Educational level and vocational status were missing
for three subjects.) Functional connectivity and other data (e.g.,
post-concussive symptom information) were reported on most of
this sample in a previous publication.'®

Women were phone screened for eligibility criteria and ex-
cluded for potentially confounding conditions (e.g., alcohol or drug
dependence within the past 6 months, current bipolar disorder,
schizophrenia, or autism, autoimmune disorders such as lupus,
current pregnancy). Women with non-partner—related mTBIs oc-
curring within the past 3 months or any past history of moderate
to severe non-partner related TBI were excluded. Women with
questionable substance use issues (n=3) or who were currently
taking psychotropic medications (n=2) were identified, and pri-
mary analyses were conducted with and without these women
included. Finally, because we wanted to focus on the effects of
mTBISs rather than all TBIs (which could also include moderate or
severe TBIs), we also excluded four women who had sustained
severe [PV-related TBIs but otherwise met all inclusion/exclusion
criteria and had full datasets. Here, we present data without those
women included (n=20) but note that results showed a similar
pattern when including them in the analyses (n=24).

Women provided written informed consent, and the local institu-
tional review board human subjects committee approved the study.
The study was conducted in one session, and the brain injury interview
was always administered before cognitive testing, which was always
administered before scanning. Session length varied but averaged
close to 3—4 h. Of note, retrospective histories of abuse and mTBIs are
critical to obtain, as most women never seek medical attention and
consequently have no medical documentation of their TBIs.'®

Measures

Brain injury. Partner- and non-partner—related mTBI was as-
sessed using an identical protocol to that used in previously pub-
lished reports.*'® Using a semi-structured interview, women were
asked questions about potential traumas to the head that might
have resulted in an alteration in consciousness (AIC), consistent
with the diagnostic criteria for TBI by the American Congress of
Rehabilitation Medicine Special Interest Group on Mild TBL* As
such, a TBI was defined as: *‘A traumatically induced physiological
disruption of brain function, as manifested by at least one of the
following: any loss of consciousness; any loss of memory for events
immediately before or after the accident; any alteration in mental
state at the time of the accident (e.g., feeling dazed, disoriented,
or confused); focal neurologic deficit(s) that may or may not be
transient.”” For example, ‘“After anything your partner has ever
done to you, have you ever lost consciousness or blacked out?”” If
the subject responded affirmatively, follow-up questions would be
used to determine severity of the injury (based on duration of AIC,
etc.), as well as the first, last, and number of times the mTBI oc-
curred. Additionally, women subjected to IPV are often strangled.
Since the effects of anoxic or hypoxic insults to the brain are un-
certain, we also assessed for AIC as a result of strangulation. All
women who reported any strangulation-induced AICs also reported
a high number of repetitive mTBIs with the exception of one wo-
man. An mTBI was considered mild if a loss of consciousness was
<30 min and/or the post-traumatic amnesia was <24 h.>

Finally, identical to previous work®'® a brain injury severity
score was created based on number, recency, and severity of AICs.
The frequency score was the number of TBI-related AICs reported
by the women. The recency score was based on the number of
weeks since the most recent brain injury. Whether a brain injury
was mild versus moderate-to-severe was defined as noted above.
A score was then generated based on the following criteria: fre-
quency, 1-5 brain injuries=1, 6-10 brain injuries=2, 11-15 brain
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injuries=3, 16 or more brain injuries =4; recency, more than 52
weeks ago=0, 27-52 weeks ago=1, 14-26 weeks ago=2, 0-13
weeks ago=3; and severity, never sustained a moderate-to-severe
brain injury =0, sustained a moderate-to-severe brain injury=1.
The three scores were added to create the brain injury score. As
noted earlier, we excluded women with moderate to severe TBIs so
the score for all the women in the current study reflects only number
and recency of mTBIs. Non-partner related mTBI information was
acquired to ensure exclusion criteria were met.

Cognition. To assess whether cognitive functioning was re-
lated to the FA findings that were associated with the brain in-
jury score, we administered a brief neuropsychological battery.
We examined cognitive processes, namely learning, memory, and
cognitive flexibility, that were associated with mTBIs and func-
tional connectivity in our previous work. Memory and learning
were assessed using the Sum of Trials 1-5 and Long Delay Free
Recall scores from the California Verbal Learning Test II (CVLT
ID).3* Women were read a list of words five times and asked to recall
as many words as possible immediately following each reading,
and after a 20-min delay. The sum of words recalled from trials 1-5
served as a measure of learning, whereas the words recalled after
the delay served as a measure of memory. Cognitive flexibility was
assessed with the Trail Making Test Part B.>> Women were re-
quired to connect a series of numbers and letters in ascending order
alternating in numerical and alphabetical sequence.

To account for effects of potential confounds, we also admin-
istered questionnaires to assess abuse as an adult and child, as
well as symptoms of depression, anxiety, and post-traumatic-stress
disorder.

Academic reading achievement, as one index of premorbid
cognitive functioning, was assessed with the Reading test of the
Wide Range Achievement Test 3 (WRAT-3).*

Adult and childhood abuse. Partner abuse was assessed via
the Conflict Tactics Scale (CTS),*® with an additional 10 itemns
from the Severity of Violence Against Women scale®’ to assess for
more severe forms of violence. The CTS is a 28-item scale that
measures the extent to which a participant is exposed to violence
within families or in the setting of an intimate relationship. Total
score for the past year was used as a measure of partner abuse
severity. History of childhood abuse and neglect was assessed with
the 34-item Childhood Trauma Questionnaire (CTQ).*® The CTQ
is a measure of physical, sexual, and emotional abuse, as well as
physical and emotional neglect. Participants are asked to indicate
on a 5-point scale (1 =never true; 5 =very often true) the degree to
which they experienced a range of traumatic events as a child (e.g.,
“Someone in my family yelled and screamed at me.”’). The CTQ
has been associated with interview-based ratings®® and independent
corroborations™® of childhood maltreatment.

Psychopathology. Dimensional levels of depression, anxi-
ety, and PTSD symptomatology were assessed with the Mood and
Anxiety Symptom Questionnaire (MASQ)* and the Clinician
Administered PTSD Scale IV (CAPS-2),*! respectively. The MASQ
is a 62-item questionnaire that assesses non-specific anxiety, de-
pression, and mixed symptomatology, along with anxiety-and
depression-specific symptoms. One total MASQ score was com-
puted for each woman. The CAPS-2 is a semi-structured clinical
interview used to assess the frequency and intensity of PTSD
symptoms. It is a well-established, valid, and reliable measure.*!*?
One total severity score was computed for each woman.

Imaging procedures

Diffusion imaging data were acquired on a 3-Tesla Siemens
Magnetom TrioTim scanner with a 32-channel head coil (other



FIG. 1.
posterior thalamic radiation. Color image is available online.

imaging scans were also acquired and are reported in previous
work). A 9-min diffusion-weighted imaging scan was acquired with
the following parameters: 68 slices per volume; 1.9 x 1.9 % 1.9 mm?®
voxels; b=700 sec/mmz; 60 diffusion-encoding directions; 10 non-
diffusion-weighted B0 images; echo time =82 msec; repetition
time = 7640 msec).

Diffusion imaging data were corrected for motion and eddy
currents using affine transformations (FSL).** Brain masks were
edited using Slicer 3D software (www.slicer.org) and manually
edited.** The diffusion MRI data were then processed using a
Matlab code that estimates DTI parameters corrected for CSF
contamination.*’

To define our ROIs, the diffusion scans of each subject were non-
linearly registered (FSL) to the DTI FA Atlas provided by the
Enhanced Neuroimaging Genetics by Meta-Analysis (ENIGMA)
DTI Working Group at the University of California,*® in MNI
space. Then the FA images were used to generate a white matter
skeleton using the Tract Based Spatial Statistics (TBSS) processing
pipeline.*” The ICBM-DTI-81 white-matter labels atlas provided
by the Johns Hopkins University DTI workgroup,*® was then used
to extract and average FA ROI values for the posterior and superior
corona radiata (P/SCR) as well as the posterior thalamic radiation
(PTR; Fig 1).

Statistical analysis

Pearson’s correlation analyses were used to examine the asso-
ciation between the brain injury score and FA in our ROIs, namely
PCR, SCR, and PTR, and between cognitive functioning and FA in
the tracts that showed a significant association to the brain injury
score. We then used partial correlational analyses to examine the
effects of potential confounds on these associations. Significance
levels were set at p <0.05.
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Regions of interest for fractional anisotropy measures. SCR, superior corona radiata; PCR, posterior corona radiata; PTR,

Results

PCR and SCR diffusion linked with IPV
related brain injury

The associations between the brain injury score and FA within
our ROIs, (SCR, PCR, and PTR), are summarized in Table 1. The
brain injury score was negatively associated with FA in the pos-
terior and superior CR (Table 1; Fig 2). When co-varying for
the effects of age, child abuse, partner abuse, levels of anxiety,
depression, and PTSD symptomatology, the association between
the brain injury score and FA of both the SCR and PCR ROIs
remained statistically significant. When covarying for the effects of
strangulation, the association with PCR FA held, but dropped to
trend level (p=0.07) for SCR FA. In contrast, the brain injury
score showed no statistically significant associations with PTR FA
in any analyses.

When removing subjects currently using psychoactive medi-
cations or questionable substance use from the analyses, the
association between the brain injury score and PCR FA held, but
was reduced to a trend level for SCR (Table 1). In sum, the
correlation between the brain injury score and FA in both the
PCR and SCR is robust to most potential confounds, but for SCR
reduces to a trend level when subjects are removed from ana-
lyses—possibly reflecting a loss of power due to the already
small sample size.

For exploratory purposes, we examined the relationship between
FA and number of mTBIs separately from that of FA and recency
of mTBIs. Relative to the originally defined brain injury score (that
combines these factors), we found a very similar pattern for the
correlations between number of mTBIs and FA within all three

TABLE 1. FA ofF PCR AND SCR Is NEGATIVELY CORRELATED WITH THE BRAIN INJURY SCORE

Brain Injury Score

Controlling for the effects of:

Excluding subjects:

Partner and child abuse

With questionable

and psychopathology Strangulation ~ Taking psychotropic substance abuse
FA ROI Age (n=20) (n=20) (n=20) medications (n=18) histories (n=17)
PCR -0.56 (0.01) —-0.58 (<0.01) —-0.67 (<0.01) —-0.49 (0.03) —-0.52 (0.03) —-0.49 (0.04)
SCR —-0.48 (0.03) —0.49 (0.03) —-0.60 (0.02) —-0.42 (0.07) —-0.45 (0.06) —-0.45 (0.07)
PTR 0.02 (0.95) —-0.04 (0.87) —-0.13 (0.64) 0.19 (0.45) —-0.07 (0.78) 0.07 (0.79)

Pearson’s r (p value).

FA, fractional anisotropy; PCR, posterior corona radiata; SCR, superior corona radiata; PTR, posterior thalamic radiation.
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FIG. 2. Relationship between FA and the brain injury score. Pearson’s correlation. n=20. FA, fractional anisotropy.

ROIs. Specifically, PCR and SCR FA values were significantly
correlated with number of mTBIs regardless of covariate or sub-
group examined (r’s ranged from —0.47 to —0.62; all, p<0.05),
whereas PTR FA showed no significant correlations with number of
mTBIs. On the other hand, there was no such similar pattern for the
correlation between recency of mTBIs and FA values. The rela-
tionship between recency of mTBIs and PCR FA showed a trend
for an association (r=-0.40; p=0.09) when covarying for age, but
otherwise there were no significant relationships or trends. These
data reveal a highly robust relationship between number of mTBIs
and FA in both the PCR and SCR regardless of covariate or sub-
grouping. They also tentatively suggest that number of mTBIs is a
better predictor of these FA values than is recency. However, due
to power concerns, we did not separate out chronic versus acute
effects of TBIs for our recency variable, which if done with a
larger sample, could reveal different findings. Additional research
is clearly needed.

PCR and SCR diffusion and cognitive functioning

The associations between FA in PCR and SCR ROIs with
measures of cognitive functioning are summarized in Table 2.
There were no statistically significant associations between our
cognitive measures and FA in either the SCR or PCR. However,
given the potential effects of psychotropic medications on cogni-
tive functioning, we removed from the analyses subjects currently
taking psychotropic medications (n=2) and re-examined these
associations. There still were no statistically significant associa-
tions with any of the cognitive variables. We note, however, that
there were several modest correlation values in the predicted di-

TABLE 2. CORRELATIONS BETWEEN FA AND MEASURES
OF COGNITIVE FUNCTIONING EXCLUDING PARTICIPANTS
CURRENTLY TAKING PSYCHOTROPIC MEDICATIONS

FA CVLT LDFR CVLT Sum of Trails B
ROI (m=18) trials 1-5 (n=18) (n=18)
PCR 0.27 (0.28) 0.29 (0.25) 0.07 (0.78)
SCR 0.30 (0.22) 0.20 (0.42) 0.02 (0.94)

Pearson’s r (p value).

FA, fractional anisotropy; ROI, region of interest; CVLT, California
Verbal Learning Test; LDFR, long-delay free-recall; PCR, posterior corona
radiata; SCR, superior corona radiata.

rection (0.27 to 0.30) between PCR and SCR FA with the CVLT
measures of memory and learning. Given the small sample in
conjunction with the size and direction of the correlation values, we
unfortunately lacked power to definitively address this question.
Nonetheless, because of the paucity of data in this area, we provide
information here to guide future studies.

Discussion

We present the first report of an association between white
matter diffusion anisotropy and mild traumatic brain injuries re-
sulting from intimate-partner violence. This association was not
accounted for by age or other factors often related to IPV including
depression, anxiety, and partner or childhood abuse. These data
build upon the small but growing literature demonstrating potential
consequences of mTBIs for women experiencing IPV, and under-
score the urgent need for larger and more comprehensive studies
in this area.

TBl in IPV

There is a growing awareness that TBIs, including repetitive
mTBIs, have a host of negative short- and long-term health-related
effects. There is also a growing awareness that women experienc-
ing IPV sustain high rates of single and repetitive mTBIs. Despite
this awareness, there have been few studies examining the ef-
fects of mTBIs on women’s behavioral functioning, and only one
previous study, from our group, investigating women’s neural
functioning.'® In the previous work, we revealed an association
between partner-related TBIs, functional connectivity, and mea-
sures of cognitive functioning. In the current study, we demonstrate
associations between white matter microstructure and partner-
related mTBIs. Importantly, neither of these effects could be ac-
counted for by IPV per se, past abuse in childhood, or current
symptoms of depression, anxiety, or PTSD.

Microstructural abnormalities in the posterior
and superior corona radiata

Because of the paucity of data in this area, we took a focused
approach in investigating white matter ROIs shown to be suscep-
tible to repetitive mTBIs, as these are the types of TBIs most typ-
ically experienced by women abused by their partners. In doing so,
we found associations between our brain injury score (as well as
number of mTBIs alone) and white matter microstructure within
two of our predicted regions of interest, the PCR and SCR. As these
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are broad white matter regions of the confluence of long fiber tracts,
the SCR and PCR are somewhat non-specific in terms of the cor-
tical or subcortical areas they connect. Projections from the SCR
region include those of the cingulum, superior longitudinal fasci-
cles I and II, superior fronto-occipital fascicle,49 fibers in callosal
sections 3-5, as well as the fibers of the pons, cerebellum, and
brainstem.’®>! Projections from the PCR region include those of
the cingulum, superior longitudinal fascicles II, arcuate fascicle,
inferior-fronto-occipital fascicle, fibers in callosal sections 3-5, as
well as the fibers of the pons, cerebellum and brainstem.’>!' Given
the high number of projection sites of these regions, damage to
these areas has the potential to affect a number of functions such as
working memory, learning, attention, or visuospatial or language
functions.**>?

Fractional anisotropy and cognitive functioning

In the first study to examine IPV-related TBI in association with
neuropsychological test performance, we found associations be-
tween our TBI score and measures of memory, learning, and cog-
nitive flexibility.* Later, using functional connectivity, we showed
associations between the degree of salience and default mode in-
ternetwork connectivity and the same measures of memory and
learning. When investigating these cognitive measures in the cur-
rent study in association with FA within the SCR and PCR, we
failed to find any significant associations. However, as noted ear-
lier, we observed several moderate correlation values (r’s=0.27 to
0.30) of our memory and learning measures (after excluding sub-
jects taking psychotropic medications), despite our sample size.
Moreover, these correlation values were of similar direction and
magnitude to those we found with a larger sample showing sig-
nificant associations between our brain injury score and learning.*
As such, although our study lacks the power to determine whether
meaningful associations exist, it provides encouraging pilot data
for a larger study to examine more comprehensively an association
between cognitive functioning and FA in the SCR and PCR.

Clinical implications

These data reveal associations between IPV-related mTBIs
and tracts subserving a range of cognitive functions. This is highly
important in the context of treatment and interventions for women
experiencing IPV, as typically neither mTBI nor its sequelae are
taken into consideration by advocates when planning treatment or
interventions for women experiencing IPV. Consequently, unre-
alistic recommendations may inadvertently be made, and as mTBI
sequelae interfere with a woman’s abilities to successfully follow
through, it may appear as if women are uncooperative or unwilling
to work towards the treatment/intervention goals. Just as certain
steps and/or precautions are taken for other individuals who are
diagnosed with suspected or known TBIs, steps need to be taken for
women experiencing IPV-related mTBI in order to achieve the
most successful intervention. Overlooking these effects will likely
undermine even the best attempts.

Limitations and future directions

Although we uncovered several robust effects, our sample was
small and therefore we chose focused hypotheses based on previous
literature. As a result, effects outside our a priori regions could be
present but not detected. It also is likely that a larger sample (with
subsequently greater power) would have brought more clarity to
our questions regarding associations between FA in the PCR and
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SCR, and measures of learning and memory. Future work using
larger samples is critical to addressing these issues. Additionally,
we were interested in investigating whether number and re-
cency, rather than presence or absence alone, of mTBIs were re-
lated to FA, and therefore we did not employ the use of a control
group. However, a control group would have been helpful to es-
tablish baseline measures and should be used in future studies. It is
important to note that the goal of this work should have a focus of
understanding the impact of repetitive mTBIs in women experi-
encing IPV rather than to understand the impact of IPV per se in
women. As such, it is critical to select a control group that is
matched to the IPV-mTBI group nearly identically with the ex-
ception of sustaining repetitive mTBIs, namely women who have
experienced IPV but no mTBIs. Finally, retrospective self-reports
were used to acquire information about TBIs. Ideally, medical re-
cords or other documentation of mTBIs would be used to confirm
TBI history. However, as has been frequently reported,*'®33%
most women do not seek medical treatment for mTBIs, and
therefore reliance on medical records would result in acquiring data
from only a small and unrepresentative sample of women who have
experienced IPV. Going forward, it is also critical that we conduct
longitudinal studies that will allow us to assess potential changes
over time and begin to understand the potential long-term sequelae
of repetitive IPV-related mTBIs.

Impact summary

It has been estimated that the number of women subjected to
partner-related TBIs far exceeds the combined number of Iraq
and Afghanistan military personnel and National Football League
football players sustaining mTBIs.”> Given the potential impact
repetitive mTBIs may have on such a large number of women in our
society, it is imperative that we increase our understanding of the
effects of mTBIs in women experiencing IPV. This paper repre-
sents a small but critical step toward reaching that goal.
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