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Abstract

Sexual violence (SV) is a critical public health problem that is associated with numerous

negative health consequences, including immediate- and long-term physical and mental health
conditions and health-risk behaviors. Some of these health-risk behaviors (e.g., substance use,
unsafe driving practices, poor mental health, lower impulse control, and abnormal brain circuitry)
might increase the risk for sustaining a traumatic brain injury (TBI). A TBI causes neurological

or neuropsychological changes and may also lead to various symptoms that affect a person’s
cognition, mobility, behavior, and mental health. Determining if those who have experienced SV
are at increased risk of sustaining a TBI in their lifetime is critical given the high prevalence and
health impacts of SV, the potential vulnerability to TBI after SV, and the known detrimental effects
of TBI. This exploratory study examined data from the 2017 Connecticut behavioral risk factor
surveillance system and found that lifetime SV victimization (controlling for age and sex) was
associated with increased odds of reporting a recent TBI in the past 12 months (adjusted odds
ratio [AOR] = 2.1; 95% confidence interval [CI] [1.03, 4.21]). Further research is needed to better
understand how SV history is related to the risk of sustaining a TBI. Healthcare professionals can
support patients who experience SV by providing resources to help reduce associated physical and
mental health conditions and health-risk behaviors.
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Sexual violence (SV) is a critical public health problem, can reoccur across the lifespan, and
can have lifelong impacts on health (Basile et al., 2022). It comprises any sexual act (e.g.,
rape, unwanted sexual touch) perpetrated against someone without their consent (Basile et
al., 2014). SV can be perpetrated by anyone, including intimate partners (Bagwell-Gray,
2021; Bagwell-Gray et al., 2015). During 2016 and 2017, half of women (54.3%) and nearly
a third of men (30.7%) in the United States experienced some form of SV involving physical
contact (Basile et al., 2022). Additionally, 19.6% of women and 7.6% of men have had a
lifetime prevalence of contact SV by an intimate partner (Leemis et al., 2022).

SV victimization is associated with numerous negative health consequences (e.g.,
immediate- and long-term physical and mental health conditions and altered brain
architecture) and risk behaviors (e.g., substance use and higher-risk driving behaviors)
(Basile et al., 2020; Marusak et al., 2015; Santaularia et al., 2014; Thomason et al.,

2015), some of which may increase risk for traumatic brain injury (TBI). TBI can affect

a person’s short- or long-term cognition, mobility, behavior, and mental health (Centers for
Disease Control and Prevention, 2015). While unintentional falls (49.1%) and motor vehicle
crashes (24.5%) are the most common mechanisms of injury contributing to a TBI-related
hospitalization in the United States, assaults account for 6.5% (Centers for Disease Control
and Prevention, 2021). Sequelae due to SV may contribute to a higher susceptibility to
certain causes of TBI (i.e., motor vehicle crashes, intentional self-harm) through deficits in
impulse control (Arnsten et al., 2015), difficulties with emotional regulation (Jacques-Tiura
etal., 2021; Weiss et al., 2015), and other cognitive challenges (Basile et al., 2020) that may
result from experiencing SV.

For example, experiencing SV, especially during childhood, can dramatically hinder the
development of adaptive emotion regulation skills (Mandavia et al., 2016). Research
supports the idea that persons with difficulties employing adaptive emotional regulation
strategies to tolerate negative emotions and distress may use alcohol and/or other substances
to cope with these stressors, especially after experiencing SV (Fossos et al., 2011; Garland et
al., 2013; Ullman, Lorenz, et al., 2018; Ullman, Relyea, et al., 2013). In turn, alcohol misuse
and substance abuse is associated with risky behavior and impaired driving (Basile et al.,
2020; Marusak et al., 2015; Santaularia et al., 2014; Thomason et al., 2015) that contributes
to many traffic injuries and fatalities (including TBI) (Centers for Disease Control and
Prevention, 2022). Thus, one theoretical pathway that may link SV and TBI is that the same
maladaptive emotion regulation skills and coping strategies used to manage the negative
sequalae following SV also increase the risk for TBI.

The violent situation encountered by those who have experienced SV may increase the
risk of TBI which is another pathway linking the two. However, data are scant about

the percentage of victims who have sustained a TBI while experiencing SV. Prior studies
have also shown a link between intimate partner violence (IPV), of which SV is a subset,
and sustaining an acquired brain injury or TBI (Gabbe et al., 2022; Saleem et al., 2022).
Obtaining reliable prevalence estimates for TBIs sustained due to IPV is also difficult
(due to a lack of appropriate screening tools, unreliable administrative healthcare data,
persons not seeking healthcare, or underreporting, etc.). Despite this, some older studies
(Jackson et al., 2002; Smith et al., 2001) have estimated a TBI prevalence of 60% to
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92% among women IPV survivors (St Ivany & Schminkey, 2016), while a recent scoping
review (Ayton et al., 2021) estimated a prevalence between 1.6% and 94% depending on the
specific populations studied. Nevertheless, while most IPV-related TBIs result from physical
violence, SV victimization may be co-occurring (Costello & Greenwald, 2022).

An increased risk of sustaining a TBI may be plausible for those who have experienced
SV, given the health consequences and risk behaviors linked to both SV and TBI (Basile
et al., 2020; Corrigan, 1995). However, this link has not been systematically investigated.
To determine the possibility, this exploratory study examined whether a history of SV
victimization was associated with having a recently diagnosed TBI.

Study Population

TBI Module

The Centers for Disease Control and Prevention’s (CDC) Behavioral Risk Factor
Surveillance System (BRFSS) (National Center for Chronic Disease Prevention and Health
Promation: Division of Population Health, 2023) is an annual, nationally representative
telephone survey of noninstitutionalized U.S. adults of ages 18 and older that collects
state-specific data about health-related conditions and behaviors. States administer the same
set of core questions with additional selected optional modules or state-added questions.
The BRFSS uses a complex, disproportionate stratified sample design for respondents who
complete the survey by landline, and a random sample design for those who complete

it by cellphone. It also uses iterative proportional fitting to weight the data. The CDC’s
Institutional Review Board evaluates BRFSS data which are de-identified and considered
exempt from human subject review. Data from 2017 Connecticut (CT) BRFSS respondents
were also used for this study (Connecticut Department of Public Health, 2017) as CT

is the only state that incorporated both TBI-related and lifetime SV victimization-related
questions. More than 10,000 (10,558) adults in CT completed the core sections of the
BRFSS using a landline or cellphone for an overall response rate of 88.7% (7= 9,389).

The TBI module was administered as an optional post-survey group of state-added questions
after the BRFSS survey was completed. Once a survey respondent completed the CT BRFSS
survey, a $5 Amazon gift card was offered to the respondent if they were willing to continue
for an additional 5-minute survey, which included the TBI and the SV questions. Of the
original 10,558 adults, 63% (63.7% or /7= 6,746) consented to answering the post-survey
questions. Respondents were asked, “In the last 12 months, has a doctor or other health
professional told you that you have suffered a TBI or concussion?” Responses to this
question were dichotomized as yes/no and this was the only question in the TBI module.

Lifetime SV Victimization Questions

The adverse childhood experiences (ACEs) module was added to the CT BRFSS as an
optional module. The ACE module included three questions that assessed childhood sexual
abuse before the age of 18, which asked: (1) “How often did anyone at least 5 years older
than you or an adult, ever touch you sexually?”; (2) “How often did anyone at least 5
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years older than you or an adult, try to make you touch them sexually?”; and (3) “How
often did anyone at least 5 years older than you or an adult, force you to have sex?” These
questions were combined to form a binary (yes/no) childhood sexual abuse indicator, where
responding “yes” to one or more of these questions was a yes for the indicator.

A module focused on SV in adulthood was also administered as an optional group of
post-survey state-added questions. If the respondent chose to continue, they were asked,
“Since you were 18 years old, has anyone EVER made you take part in any sexual activity
(including touch that made you uncomfortable) when you really did not want to, or without
your consent? For example, you were drunk or asleep, or you thought you would be hurt
or punished if you refused?” If they answered affirmatively, they were asked, “Has this
happened in the past 12 months?” Responses to these questions were dichotomized as
yes/no.

The childhood sexual abuse indicator and the first adulthood SV question were combined
to form a binary (yes/no) lifetime SV indicator, where responding “yes” to any of these
questions was coded as “yes” for the indicator.

Statistical Analysis

Results

Descriptive statistics were calculated for demographic characteristics (sex, age, race/
ethnicity, educational attainment), recent TBI diagnosis, and life-time SV (Table 1). Only
respondents who answered “yes” or “no” to the TBI question (V= 6,710) were included
in the analysis. Statistical modeling was conducted using a multivariable binomial logistic
regression model that examined the association between lifetime SV (main predictor of
interest) and recent TBI (outcome) while controlling for sex and age, as these are associated
with both SV (Smith et al., 2018) and TBI (Centers for Disease Control and Prevention

& National Center for Health Statistics, 2022). Additionally, a sensitivity analysis was run
where respondents who answered “yes” to the recent SV question (past 12 months) were
removed (two respondents were omitted from the “yes” recent TBI and lifetime SV cell)
to eliminate potential temporal issues in associating lifetime SV with TBI in the last 12
months. All analyses were performed in SAS 9.4 (SAS Institute, Cary, NC) accounting for
the complex survey design and incorporating the design weight, strata, and the primary
sampling unit specific to the post-survey state-added questions.

Of those who completed the survey, 51% (51.7%) were female, about half (50.5%) were
between the ages of 35 and 64 years, and 69.6% were non-Hispanic white (Table 1).
Approximately, 1.7% of individuals reported a TBI or concussion diagnosis in the preceding
12 months and 14.6% reported experiencing SV in their lifetime. One in 10 (10.2%)
reported experiencing at least one incident of childhood sexual abuse, 6.5% reported
experiencing SV in adulthood, and 2.7% reported experiencing both (data not shown). Of
those who indicated they had experienced SV in adulthood, 16% reported they had the
encounter in the past 12 months.
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The prevalence of self-reported recent TBI diagnosis among those who experienced lifetime
SV was 2.8% (95% confidence interval [CI] [1.3, 4.3]) and among those who have not
experienced SV, the prevalence was 1.5% (95% CI [1.0, 2.1]) (Table 2). Lifetime SV was
associated with increased self-report of recent TBI (adjusted odds ratio [AOR] = 2.1; 95%
CI [1.03, 4.21]) after adjusting for sex and age. Additionally, while not significant, the
sensitivity analysis (Supplemental Table 1) demonstrated similar results (AOR = 2.0, 95%
Cl1[0.97, 4.13)).

Discussion

Findings from this exploratory study demonstrate that having a lifetime history of SV is
associated with reporting a TBI in the past 12 months. Research indicates that both TBI and
SV can profoundly affect one’s personal well-being (Andelic, Sigurdardottir, et al., 2010;
Martin et al., 2008). SV victimization is associated with adverse behaviors such as substance
use and unsafe driving practices that increase TBI risk (Basile et al., 2020; Parry-Jones

et al., 2006). In addition, strong evidence exists for the link between both alcohol use

and TBI (Corrigan, 1995; Weil et al., 2018) and alcohol use and SV (Basile et al., 2020;
Walsh et al., 2014). Previous research has shown that trauma (such as violence and other
ACES) experienced in childhood can alter brain response due to toxic stress (Shonkoff et al.,
2009; Shonkoff & Garner, 2012). This altered brain response and architecture (e.g., in brain
activity and connectivity) (Marusak et al., 2015; Thomason et al., 2015) is associated with
deficits in impulse control which likely increases the risk for injuries, including TBI.

Studies have also shown a link between SV victimization and subsequent poor mental
health such as the misuse of alcohol and other substances, depression, and suicide attempts
(Easton & Kong, 2017; Merrick et al., 2017). Some of these same mental health conditions
also enhance the likelihood of sustaining a TBI (Andelic, Jerstad, et al., 2010; Higgins et
al., 2020; Matei et al., 2022) via risk behaviors such as driving without a seatbelt while
intoxicated or being the passenger of someone who is under the influence of alcohol or
other drugs (Basile et al., 2020; Seesen et al., 2019). Additionally, TBI might also occur
during exposure to SV or as part of the exposure to other violence in a relationship where
such violence also occurs (in IPV but also in childhood), which is another possible reason
for an association between SV and TBI. The nature of this association warrants further
investigation.

No studies examined the direct association between SV victimization and TBI. However,
TBIs do occur with IPV victimization and IPV victims may likely experience SV
victimization as well (Costello & Greenwald, 2022). The prevalence of TBIs with sexual
IPV is difficult to fully understand because many situations in which these injuries occur
may not be perceived or identified. Most IPV victims (66%) do not seek medical care for
their injuries (Truman & Morgan, 2014). While a systematic review did show that sexual
IPV victims may be more likely to seek medical or social services help than physical

or psychological IPV victims (Wright et al., 2021), such victims along with healthcare
providers, may not immediately recognize a TBI at the time of the event if other more
visible injuries are present. This limits the potential to examine the associations between
IPV and/or SV and TBI.
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Those experiencing SV may have deficits in impulse control (Arnsten et al., 2015),
difficulties with emational regulation (Jacques-Tiura et al., 2021; Weiss et al., 2015), and
other cognitive challenges (Basile et al., 2020) which may increase the risk of certain
causes of TBI (e.g., motor vehicle crashes, intentional self-harm) and may partly explain the
association between SV and TBI. Research suggests that experiencing SV can compromise
crucial regions within the brain that are responsible for regulating emotions such as failing
to dampen the dorsolateral prefrontal cortex and engaging amygdala-pregenual cingulate
inhibitory circuitry (Marusak et al., 2015) or abnormalities in the connectivity between the
prefrontal cortex and amygdala (Thomason et al., 2015). Such damage could predispose a
vulnerability of SV victims to risk behaviors such as driving under the influence of alcohol
or other substances (Merrick et al., 2017), thus also increasing the likelihood of sustaining
a TBI (e.g., a motor vehicle crash that injures the head). While the current study could not
directly examine a mediating effect of factors such as health-risk behaviors, mental health,
and/or altered brain architecture, a future study may be warranted to better understand the
mechanisms through which SV may increase the susceptibility for a TBI.

Considering the relationship between SV and health-risk behaviors and injuries such as TBI
can allow healthcare providers to better support patients holistically. Integrated treatment
approaches (Galovski et al., 2021) which incorporate considerations for TBI would be
beneficial in mitigating health problems and helping to prevent future injuries by connecting
patients to victim-centered services (e.g., Rape Crisis Centers, Sexual Assault Response
Teams) and therapeutic approaches (e.g., Trauma-focused Cognitive Behavioral Therapy,
Cognitive Processing Therapy) (Basile et al., 2016). An upstream approach is to implement
comprehensive violence prevention strategies based on the best available evidence such as
promoting social norms that protect against violence and create protective environments
(Basile et al., 2016).

Limitations

Several limitations exist in this study. First, BRFSS data are retrospective and cross-
sectional. As such, determining temporality or causality was not possible. However, because
only 16% of those who reported SV in adulthood did so in the last 12 months (Table

1), most respondents likely sustained their TBI after their reported SV. A sensitivity

analysis (Supplemental Table 1) that removed respondents who had experienced SV in

the past 12 months demonstrated similar results. A future study with a larger sample size
that examines these associations may be warranted. Second, BRFSS data are based on
self-reports and subject to recall bias. Third, these findings are not generalizable to the
national BRFSS sample of noninstitutionalized adults in the United States. Fourth, the TBI
question only asked if a doctor or other health professional diagnosed the respondent with

a TBI or concussion in the last 12 months. Not every person with a TBI will seek medical
care, resulting in significant underestimates of TBI prevalence which happens when using
data based on healthcare encounters (Centers for Disease Control and Prevention, 2021).
Similarly, administrative healthcare data such as electronic health records are not a reliable
way to study IPV and SV-related IPV (Adhia et al., 2023; Alvarez et al., 2017). International
Classification of Diseases, Tenth revision, Clinical Modification (ICD-10-CM) codes are not
consistently used across states, hospitals, and healthcare settings, or even among staff within
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healthcare settings, despite the fact that injuries seen in Emergency Departments (EDs) and
urgent care are probably due to IPV/SV(Adhia et al., 2023; Rebbe et al., 2022). Among the
documented cases, the IPV/SV that presents in these settings is a small subset of all of such
cases, as even IPV/SV that results in severe injury does not always end up in a medical care
setting (Adhia et al., 2023; Robinson et al., 2021). An alternative to looking at healthcare
data is to rely on self-report data in surveys. Unfortunately, underreporting is still common
in confidential surveys especially for sensitive topics like SV and for conditions that are
not as well understood by the public such as TBI. Thus, reporting studies that can examine
these questions even if the sample size is smaller than ideal and that support more work

in this area is important. Fifth, due to the small sample size of adults who self-reported
arecent TBI in CT (V= 109), additional analyses of differences by demographic factors
(e.g., race/ethnicity, sex), or of possible confounders or mediators (e.g., alcohol use or other
health-risk behaviors or conditions that contribute to the risk of sustaining a TBI) could not
be completed. Additionally, a mediation analysis could not be conducted due to how other
variables were asked about in the survey (temporal precedence could not be established).

However, Supplemental Table 2 includes descriptive information and bivariate associations
about some of the BRFSS survey questions on health-risk behaviors may show the link
between SV and TBI. Future studies with a larger sample size to understand potential
differences across groups would be beneficial. Sixth, the BRFSS telephone survey might
underestimate the prevalence of recent TBI; this survey sample’s noninstitutionalized adults,
and those with more severe TBIs may not have been able to participate in the survey because
they live in institutional settings or group homes and were thus excluded. Seventh, the
state-added post-survey module incentive could have led to selection bias. Eighth, Ns for the
TBI variable (V=103 for yes TBI, /= 6,348 for yes TBI) were unequal for the multivariate
logistic regression. The statistical software procedure used for the stratified sampling and
iterative weighting in the BRFSS data has limited options for estimating the variability in
rare events. However, the estimation method used provides a conservative 95% confidence
interval (Curtin et al., 2006) but is still a limitation of the software.

Conclusions

Findings from this exploratory study demonstrate an association between SV history and
recent TBI. More research is needed to better understand how SV history is related to

the risk for sustaining a TBI. Increasing awareness among healthcare providers of the
relationship between SV and TBI may help support patient care and appropriate referrals to
supportive services.
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Table 1.

Characteristics of Adult Respondents in the Connecticut Behavioral Risk Factor Surveillance System, 2017.4

Weighted
Characteristic N Per centage 95% ClI
Sex
Males 2,747 48.3 46.5-50.2
Females 3,954 51.7 49.8-53.5
Age (years)
18-34 665 28.0 26.1-29.9
35-64 3,453 50.5 48.6-52.3
65+ 2,479 21.6 20.3-22.8
Race/ethnicity
Non-Hispanic White 5,582 69.6 67.7-71.4
Non-Hispanic Black 368 9.6 8.3-10.8
Non-Hispanic Other? 298 6.6 56-1.7
Hispanic 357 14.2 12.7-15.8
Educational attainment
Completed high school or less 1,584 38.4 36.5-40.3
Some college 1,592 27.3 25.7-28.9
Bachelor’s degree or higher 3,518 34.3 32.7-35.8

Recent TBI. In the last 12 months, has a doctor or other health professional told you that you have suffered a traumatic brain injury or

concussion?
Yes 109
No 6601

Lifetime sexual violence®
Yes 1016
No 5540

Childhood sexual abuse?
One or more times 692

Never 5903

Adulthood sexual violence®
Yes 509
No 6119

Adulthood recent sexual violence (past 12 months)f
Yes 33
No 475

1.7
98.3

14.6
85.4

10.2
89.8

6.5
93.5

16.0
84.0

1.2-2.2
97.8-98.8

13.3-15.9
84.1-86.7

9.1-11.4
88.6-90.9

5.7-7.4
92.6-94.3

9.5-22.4
77.6-90.5

TBI = traumatic brain injury; ClI = confidence interval.
aThe sample only includes individuals who responded “yes” or “no” to the recent TBI question (V= 6,710).

blncludes those who answered that they were “non-Hispanic, Asian, AI/AN, or other.”

This indicator combines answers to three questions from the adverse childhood experiences (ACEs) module about childhood sexual abuse and one

question about adult lifetime sexual violence. Please see questions in superscripts 4 and 5.
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a_, . . . . . .

This indicator combines answers to three questions from the ACEs: How often did anyone at least 5 years older than you or an adult, ever touch
you sexually? How often did anyone at least 5 years older than you or an adult, try to make you touch them sexually? and how often did anyone at
least 5 years older than you or an adult, force you to have sex? Yes to one or more is a yes for the indicator.

e . ! . . .
Adulthood sexual violence was defined as answering “Yes” to the question, “Since you were 18 years old, has anyone EVER made you take part
in any sexual activity (including touch that made you uncomfortable) when you really did not want to, or without your consent? For example, you

were drunk or asleep, or you thought you would be hurt or punished if you refused.”

Recent sexual violence was defined as answering “Yes” to the question, “Has this happened in the past 12 months?.” This was only asked of
respondents who answered “Yes” to the adulthood sexual violence question.
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Table 2.

Association for the Relationship Between Recent Traumatic Brain Injury (TBI) and Lifetime Sexual Violence
Adjusted by Select Characteristics—Connecticut Behavioral Risk Factor Surveillance System, 2017.

Recent TBI

Adjusted Odds Ratio (AOR)

Characteristic AOR  95% CI p-Value

Lifetime sexual violence

Yes 2.08 1.03-4.21 0.04
No REF REF

Sex
Female 0.61 0.32-1.15 0.12
Male REF REF

Age (years)
Mean 099 0.97-1.01 0.18

ClI = confidence interval.
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