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Abstract: Traumatic brain injury (TBI) is a global health concern, that can leave lasting physical,
cognitive, and/or behavioral changes for many who sustain this type of injury. Because of the het-
erogeneity of this population, development of appropriate intervention tools can be difficult. Social
determinants of health (SDoH) are factors that may impact TBI incidence, recovery, and outcome.
The purpose of this study is to describe and analyze the existing literature regarding the prevailing
SDoH and health disparities (HDs) associated with TBI in adults. A scoping review, guided by the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework was
used to explore three electronic databases—PubMed, Medline, and CINAHL. Searches identified
peer-reviewed empirical literature addressing aspects of SDoH and HDs related to TBI. A total of
123 records were identified and reduced to 27 studies based on inclusion criteria. Results revealed
race/ethnicity was the most commonly reported SDoH impacting TBI, followed by an individual’s
insurance status. Health disparities were noted to occur across the continuum of TBI, including TBI
risk, acute hospitalization, rehabilitation, and recovery. The most frequently reported HD was that
Whites are more likely to be discharged to inpatient rehabilitation compared to racial/ethnic minor-
ities. Health disparities associated with TBI are most commonly associated with the race/ethnicity
SDoH, though insurance status and socioeconomic status commonly influence health inequities as
well. The additional need for evidence related to the impact of other, lesser researched, SDoH is
discussed, as well as clinical implications that can be used to target intervention for at-risk groups
using an individual’s known SDoH.

Keywords: social determinant of health; health disparity; health inequity; traumatic brain injury;
healthcare; outcome

1. Introduction

Traumatic brain injury (TBI) is a neurological disorder and a significant health con-
cern impacting millions of individuals annually [1]. It is a leading cause of morbidity and
mortality in the United States (US), and throughout the world [2-4]. Global incidence rates
of those with a TBI have been estimated to reach up to 69 million people annually [1].
Injuries associated with TBI can range in severity from mild to severe, with most injuries
being mild in nature. Globally, mild TBI represents roughly 55.9 million people each year,
while severe TBI accounts for approximately 5.48 million people annually [1]. Long-term
effects can render both physical and cognitive changes, and impact other aspects of daily
living, such as relationships with friends and family, emotional processing, ability to live
independently, and ability to maintain successful employment and community engage-
ment. Roughly 5.3 million Americans today are living with impacts/impairments related
to traumatic brain injury and this number is continuing to rise as the incidence of TBI
escalates [5]. Numbers for those sustaining a TBI are projected to further increase, most
likely due to growing elderly populations, as well as advances in medical care that often
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allow those with significant injuries better chances for survival. Many survivors live with
significant disabilities, possibly contributing to socioeconomic burden, accounting for bil-
lions of dollars annually in both direct and indirect costs [5,6].

The TBI population is a heterogeneous group given the wide range of potential etiol-
ogies of TBL. Motor vehicles accidents, traumas, falls, sports-related injuries, and domestic
violence are some of the more common etiologies of TBI. This wide range of mechanism
of injury, as well as impairments that vary largely based on the location of damage within
the brain, severity of initial injury, and the cascade of injuries that are likely to follow,
make this population one of the more difficult to study. In the past several decades, inves-
tigators have looked at what factors may increase the risk for TBI, or impact intervention
after TBL Increasingly, research has demonstrated that social determinants of health
(SDoH) play a significant role in TBI incidence, recovery, and outcome.

1.1. Social Determinants of Health

The term SDoH is relatively new, only having developed within the past few dec-
ades; though, the influence of these factors on an individual’s ability to obtain quality
healthcare has been prevalent long before the term was developed [7,8]. Social determi-
nants are both modifiable and unmodifiable conditions related to an individual’s biology,
culture, environment, role in society, and economic surroundings. Examples of unmodi-
fiable SDoH are age and race/ethnicity. Modifiable SDoH are changeable, though the
timeframe of change for many of these factors may be more long-term, rather than imme-
diate or quick. They may occur over a life span, or between family generations. Examples
of modifiable SDoH are, education level, health literacy ability, economic status, language
spoken, and geographic location in which a person lives. A person’s SDoH can impact
their overall health and well-being, and play a role in the potential health disparities, ac-
cess to care, and treatment post injury that a person faces [9]. Despite the SDoH generally
being related to non-medical factors, they have been noted to both positively and nega-
tively influence the health outcomes [7,10,11]. In recent years, the amount of research on
this topic has increased, specifically related to social factors [9,12]. An in-depth examina-
tion and clear understanding of an individual’s SDoH in conjunction with planning for
health services and providing support to available resources is vital for better public
health achievement, promoting access to care, and preventing health inequalities [11,12].
Chan and colleagues write that influences on health outcomes can impact a given individ-
ual or a population and are important factors that may impact health and healthcare-re-
lated services [11].

Social determinants of health include environmental conditions and conditions of
daily living that can be influenced by society, social norms, policies, and/or politics, and
have the power to shape what health and medical care looks like for individuals [10,13].
According to Braverman et al.,, SDoH can also be factors of health-related features of a
neighborhood [10]. Being able to walk places, having access to transportation and recrea-
tion areas, accessibility to food and grocery stores with healthy/nutritious food options,
and opportunities for physical activity all impact one’s overall health [14,15]. Place of
birth, where one lives, safety of a neighborhood, what one does for a living, age, and ac-
cessibility to necessary daily items are all considered determinants of health that may af-
fect quality of care [16]. Growing research has suggested that socioeconomics and finan-
cial wealth be included in aspects of an individual’s SDoH because of the important role
these can play in determining the health outcomes [10,17]. Education level, income, em-
ployment status, air pollution, water quality, and overall wealth may seriously impact
outcomes as well [9,18]. Language and literacy as a social determinant of health has also
been studied. Research indicates that limited language and low literacy skills are generally
associated with lower educational levels and can result in worse health outcomes [19-21].
Language barriers can also be associated with unequal health outcomes [22].

Consideration of how SDoH impact those with a TBI is important for both clinicians
and researchers alike. Understanding that an individual’s modifiable and unmodifiable
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SDoH impacts their health and well-being is vital for those who work with people with
TBI to know which groups may be more at risk for TBI, or likely to have poorer outcome
after TBI. This is especially true for those with “unfavorable” SDoH, including low social
economic status (SES), unemployment, and lower education, as these populations may
have a greater prevalence of TBI [11]. Schillinger too believes SES and wealth play a role
in SDoH stating that the determinants of health are “shaped by the current and historic
distribution of money, power, and resources throughout local communities, nations, and
the world” [23] (p. 22). Additionally, chronic stress associated with poverty, racism, or
social isolation may lead to biological inflammation or other physiological changes that
may increase the risk for TBI, or exacerbate symptoms related to TBI. Similarly, healthcare
and rehabilitation services after TBI may vary for many patients depending on their geo-
graphic location, race/ethnicity, or insurance status. Braverman et al. notes that future re-
search needs to better address and monitor the social factors impacting health in relation
to policies, examine health effects of social factors across generations, and test multidi-
mensional interventions [7]. Changes in these determinants, and in turn the resulting
health disparities that may develop due to these, can be made.

1.2. Health Disparities and TBI

The influence and interconnectedness of SDoH on health inequalities is important to
note [23,24]. Social determinants of health are responsible for a variety of health inequities
[23]. Policies addressing social determinants are important in trying to address health in-
equalities, poor health status of the parts of the population, and fluctuations in health [23].
A variety of terms are used when addressing this topic, including “health disparity”,
“health inequity”, and “health care inequity”. Health disparities (HDs) are differences in
health with regards to social or economic disadvantage and tend to negatively affect those
who experience obstacles in these areas. Disparities are theoretically preventable and
avoidable differences that tend to be more prevalent in marginalized groups in regards to
distribution of health outcomes or the failing health of a population [7,23,25,26]. When
comparing individuals of a given group to another, there are often differences in the bur-
den of disease, injury risk, violence, disability, or opportunities for optimal health [23,25-
27]. A difference in access to care, quality of care, and health coverage is also seen in
groups with more detrimental SDoH [28]. Health disparities are often influenced by the
SDoH of race/ethnicity, education, sex, sexual orientation, SES, insurance status, mental
health, and place of residence [24,29,30]. The influence of SDoH on HDs and inequities
has been noted in various populations, including heart disease, cancer, stroke, and TBI
[11,31-34].

Multiple studies and articles have examined how HDs have influenced risk, mecha-
nism of injury, acute hospitalization, assessment, rehabilitation, out-patient management,
and long-term outcomes of those who have sustained a TBI [25,34-37]. Initial research has
indicated HDs related to TBI are influenced by a variety of SDoH factors, including
race/ethnicity, insurance status, geographical location, and SES. Racial/ethnic minorities
have been noted to have longer wait times in the emergency department, higher discharge
rate without being seen by a physician, and a lower likelihood of receiving follow-up care
after discharge [34]. The cause of TBI varies among racial/ethnic groups as well with TBIs
from acts of violence seen more often in Black and Hispanic individuals, whereas White
individuals are more likely to have sustained a TBI from being hit by a car [38]. Insurance
status is another SDoH contributing to potential HDs. For example, research has docu-
mented that patients with TBI who were insured have lower mortality rates than those
uninsured [36,39,40]. Geographic location has been noted to influence TBI outcome by
some researchers who note that unequal healthcare access may widen disparities given
the scarcity of neurologists for post-TBI management in rural areas [41,42]. Finally, bias
and stigma associated with various SDoH may also play a role in the treatment and care
received post TBI [37]. Mukhtarzada and Monteith report that medical charts and records
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of non-Hispanic Black patients were more likely to contain stigmatizing language com-
pared to non-Hispanic Whites [37].

1.3. Purpose of the Study

The purpose of this study is to (a) identify which SDoH are most commonly reported
with TBI in adults, and (b) to categorize in detail the current research regarding HDs as-
sociated with TBI. With this information, the practicing clinician may be better able to
discuss risk and prevention education related to TBI, and be able to better formulate ap-
propriate intervention plans after TBL. The researcher may be able to better analyze the
relationship between SDoH and HDs and bring attention to at-risk groups and policies
that affect this population, thereby strengthening the programs dedicated to improving
individual and community health. The scoping review methodology was selected given
the variable and individualized nature of SDoH and the extensive reports of HDs within
the TBI population. A scoping review allows researchers to collect information that is both
specific and broad in nature, and is ideal for the clinical aspect of this study. The authors
were particularly concerned with potential gaps in the current research related to SDoH;
therefore, they chose the scoping review methodology and its data analysis framework to
allow for tabulation of frequencies of reported SDoH and HDs. This helped the research
team identify areas less studied, which may point to areas of potential clinical gaps. The
scoping review technique has been established in the literature as a suitable means to
study the heterogeneous TBI population, as demonstrated by the recent reviews focusing
on cognitive function, social communication, mild TBI, and chronic cognitive impairment,
and group-based delivery of intervention, among others [43—46].

2. Materials and Methods
2.1. Review Approach

Arksey and O’Malley demonstrated five essential stages of the scoping review meth-
odology, including (1) identify the research question; (2) identify relevant studies; (3)
study selection; (4) chart the data; and (5) collate, summarize, and report the results [47].
Others have since clarified and refined the process [48,49]. Additionally, the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses) Extension for Scoping
Reviews checklist served as a guide for the current scoping review process [50].

2.2. Identify Research Questions

Research questions were developed by the research team based on their clinical ex-
periences of providing intervention services to patients with TBI across the continuum of
care. The research team anecdotally reported differences in outcome for many of their
patients with TBI and questioned potential driving factors related to this. This led to two
specific questions which guided this scoping review: (1) Which social determinants of
health are most associated with TBI in adults? (2) What are the most common health dis-
parities associated with TBI in adults?

2.3. Identify Relevant Studies

A research plan was developed to search three electronic databases —PubMed, MED-
LINE, and CINAHL. PubMed and MEDLINE were selected for their wide ranging publi-
cations in the medicine and health fields and comprehensive reporting mechanisms. CI-
NAHL was selected for its dedication to nursing and the allied health professionals that
are such an integral part of intervention within the TBI population. Literature published
between January 2015 and February 2023 was included in the search. This time frame was
selected to provide the most updated information available. Furthermore, as practicing
clinicians, the authors felt this time frame would most appropriately reflect the current
clinical situations faced in daily practice. Search terms were identified that appropriately
targeted the research questions and were grouped into three broad domains, traumatic
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brain injury, social determinants of health, and health disparities. A list of MeSH terms
incorporated into the search, as well as potential synonyms and possible derivations of
terms, are noted in Table 1. Importantly, the research team supplemented the computer
generated databases search by hand searching the reference lists of appropriate full-text
articles eventually identified through the review process.

Table 1. Key search terms for scoping review.

Domain Key Words in the Title or Abstract MeSH Terms
brain OR injury OR “brain injury” o
b R
Brain Injury OR “brain injuries” OR rain injury O

" . e traumatic brain injury OR TBI
traumatic brain injury

Social “social determinants of health” OR social determinants of health OR
Determinants “determinants of health” OR ~ SDOH OR health determinants OR
of Health “health determinants” healthcare determinants
“health disparity” OR
Health Disparity “health disparities” OR health dispar OR health equity

“health equity” OR ‘health inequity’

2.4. Inclusion and Exclusion Criteria

Determining appropriate inclusion and exclusion criteria was an iterative process
and refined as study selection continued, in accordance with the previously established
protocols [48]. Inclusion criteria consisted of: (1) Studies that addressed any aspect of
SDoH and HDs within the adult TBI population; (2) peer reviewed, full-text published
articles; (3) research that included meta-analysis, experimental and/or descriptive designs;
(4) articles that broadly or specifically listed an individual’s SDoH features, or the HDs
associated with TBI; and (5) published in English. Studies across the continuum of TBIL,
including the risk factors, acute, subacute, and/or long-term implications associated with
TBI, were included in data analysis. Exclusion criteria consisted of review articles, com-
mentaries, books, book chapters, dissertations, or conference abstracts. Papers with poor
scientific rigor, and papers targeting only pediatric populations were eliminated.

2.5. Study Selection Process

The authors followed the PRISMA protocol for study selection as demonstrated in
Figure 1. Searches of the three electronic databases yielded a total of 123 records. The re-
search team eliminated duplicate records and then screened article titles and abstracts to
verify inclusion criteria. Full-text screening occurred for the remaining 64 records. At this
point, the research team conducted a secondary screening of the text because often the
article title and abstract did not provide enough information to adequately establish ex-
clusion criteria. This additional screening excluded another 41 studies, leaving a total of
23 articles (of the original 123) secured through the electronic databases search. The re-
search team then procured another four full-text articles by hand-searching the reference
sections of the selected articles. This resulted in a total of 27 articles included in the final
analysis of this scoping review.



Brain Sci. 2023, 13, 707

6 of 19

Identification

Records identified through
database searches
n=123

PubMed MEDLINE CINAHL
n=7% [ | n=26 [ | n=19

Screening

Eligibility

Records excluded after
screening abstracts
Records screened after I =7
duplicates removed
n=71
l Full-text articles excluded, with reasons
n=41
] Reasons:
Full-text articles Not TBI (n = 7)
assessed for eligibility | _______ + |  Nottarget SDoH or HD (n = 18}
n=obd Review or editarial article (n=7)
l Pediatric population (n = 8)

criteria after full-text review Additional studies

Included

Studies meeting inclusion

=

n=23 included through hand-

search of reference lists of
reviewed records

A J

n=4

Articles included in final
qualitative synthesis
n=27

Figure 1. PRISMA diagram showing the process of identifying, screening, and determining eligibil-
ity for the scoping review.

The research team verified reliability of both the study selection and data extraction
processes by following established guidelines using a peer-review process [51,52]. This
review process began by two trained members of the research team independently screen-
ing all potential studies for title and abstract. A third reviewer was trained in the verifica-
tion process and this team member randomly selected ten articles to review and inde-
pendently verify those studies to ensure inclusion criteria were met. Next, the articles were
screened for eligibility determination by two trained members of the research team who
independently performed a full-text review of each article. Again, the third reviewer ran-
domly selected ten articles to verify that they met the inclusion criteria. All 27 selected
full-text articles were then reviewed by the authors to assess for adequate scientific rigor
prior to initiating the data extraction stage. Over the course of the study selection verifi-
cation process, reviewers agreed 96% of the time. When disagreements occurred, consen-
sus was met by completing an additional review of the article, research team discussion,
and resolution of discrepancies.
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2.6. Data Extraction and Synthesis

The authors created a specific data collection chart to be used for each of the included
studies that allowed for systematic data extraction. This chart’s points of data collection
were revised as the review progressed based on ongoing discussion by the research team
in an effort to ensure all applicable and relevant information was extracted. This is a typ-
ical method of the scoping review data collection process [47,48]. The final data collection
chart consisted of 11 extraction points. Several points were dedicated to basic study infor-
mation, such as authors, year of publication, research methodology used, and number of
participants. Other data collection points were related to the type of TBI targeted, such as
TBI severity level of the participant groups, or stage of TBI studied (i.e., acute, chronic).
Additional data extraction points were used to evaluate each source based on the scoping
review’s research questions related to SDoH and HDs.

Data extraction for each data point was recorded on a data summary sheet. This
methodology is typical of the scoping review process as it allows for the tabulation of
specific details and broad themes that may emerge related to the review of many articles.
For example, this method allowed the research team to collect information from the SDoH
data point in both large domains, such as race/ethnicity, SES, and language spoken; and
also with more specific information related to these factors (i.e., specific race or ethnicity,
urban or rural, primary and/or secondary language used). This was an important contri-
bution of the scoping review process as it allowed this research team to fully explore the
information presented in the articles related to their specific research questions.

Again, a peer-review of accuracy occurred at the data collection stage, similar to that
as conducted at the study inclusion stage. Both authors completed data extraction using
the data summary sheet for all included articles. At this stage of the review process, re-
viewers agreed 90% of the time. Again, when disagreements were noted, discussion be-
tween the authors occurred, the article was reviewed again, and eventual consensus was
reached. As discrepancies were resolved, the data collection sheet was updated.

Appendix A lists the citations for each study included in this review.

3. Results
3.1. Description of Included Studies

Of the 27 studies included, the majority were published since 2020 (n = 17). Further
breakdown of the included studies by 3-year increments indicated the following: 2023
2021 (n = 16), 2020-2018 (n = 6), and 2017-2015 (n = 5). Six countries were represented in
the analysis, with the majority from the US (n = 21). Other global areas represented were
Europe, (n =2), Australia (n = 16), Canada (n = 1), Africa (n =1), and Asia (n = 7). Fourteen
studies incorporated all levels of TBI severity, two specifically targeted mild TBL eight
addressed moderate to severe TBI, and three looked only at severe TBI. Seven studies
evaluated the impact of HD on TBI across the continuum of care, while the majority
looked at TBI within the acute stage (1 = 11). Six studies discussed HDs in the acute reha-
bilitation stage, and three additional studies looked at long-term HD associated with TBI.

3.2. Social Determinants of Health Associated with TBI

The first aim of this study was to determine which SDoH are most frequently associ-
ated with TBlin adults. From the data summary sheet, the authors recorded the frequency
of any aspect of SDoH factors that were reported both within and across the included
articles. This yielded a total of 70 data points, or instances, of SDoH factors reported within
and across the studies. Analysis of these results indicated that the most frequent SDoH
reported was race/ethnicity (n = 20). Races and ethnicities listed in the included studies
were White, Black, Hispanic, non-White Hispanic, non-Hispanic White, Asian, and Indig-
enous. An individual’s insurance status was the next most commonly reported SDoH (1 =
9), and generally reported as public versus private insurance. Socioeconomic status was
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next most frequently reported (n = 8), followed by gender and sex (1 =8). Access to care/ge-
ographic location of the individual was noted seven times. Immigration status (n = 5) was
defined as native-born, immigrant, or undocumented immigrant. Multiple medical
comorbidities (1 = 4) was the next most frequently reported SDoH, and included both
substance abuse and psychiatric illness. Age (n = 4) was another factor commonly re-
ported. The remaining documented SDoH were each reported only once—history of in-
carceration, homelessness, education level, employment status, and language spoken. Fig-
ure 2 highlights the SDoH reported in the included articles.

Non-English Speaking
Employment Status
Education
Homelessness
History Incarceration
Age

Medical Comorbidities
Immigration Status
Geographic Location
Gender and Sex

SES

Insurance Status

Race/Ethnicity

(@]
wm
(Y
o
(B
wm
N
o

25
Figure 2. Frequencies of SDoH reported from review.

3.3. Noted Health Disparities

The second aim of this study was to document the most common HDs associated
with TBI in adults. The same methodology that was used to tabulate the number of SDoH
was used to count the various HDs, yielding a total of 79 data points or instances of HDs
reported within and across the articles. Analysis of the 27 included studies indicated that
when the HDs were grouped according to SDoH domains, most of the HDs reported were
due to race/ethnicity disparities (n = 50), followed by insurance status (n = 9). Health dis-
parities were also commonly associated with sex/gender (n = 5), SES (n = 5), immigration
status (n = 4), age (n = 3), and access to care/region/location (1 = 3).

Health disparities were also analyzed according to the stage of TBI that the noted HD
impacted. Eight HDs were noted in the risk and/or mechanism of injury category. Twenty-
eight HDs were reported to occur within the acute stage category, and was the stage of
TBI with the most reported HDs. Twenty HDs were noted to impact the rehabilitation
stage of injury, while 22 HDs were reported within the long-term outcome stage. Figure 3
depicts each stage of TBI category and stratifies the HDs reported within each of those
categories by SDoH.
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Long Term Outcomes

Rehabilitation Services

Acute Care TBI

TBI Mechanism of Injury

0 5 10 15 20
W Age B Immigration Status B Insurance Status
Race/Ethinicity Gender/Sex Geographic Region

W SES
Figure 3. Health disparities reported in review grouped by SDoH and stage of TBI injury.

A full listing of the recorded HDs can be found in Appendix B.

Some HDs were reported multiple times within the studies reviewed. The most com-
monly noted HD was found in four reports and noted that Whites are more likely to be
discharged to inpatient rehabilitation compared to Blacks or Hispanics. Another HD re-
lated to rehabilitation, and reported three times within the literature, was that Blacks were
significantly more likely to be discharged home after acute inpatient rehabilitation. Sev-
eral HDs were noted twice in the review, including (1) women are at a greater risk for TBI
due to domestic violence, (2) racial/ethnic minorities are more likely to sustain a TBI from
acts of violence, (3) racial/ethnic minorities experience longer wait times in the emergency
department, (4) racial/ethnic minorities have an increased risk for inpatient mortality, (5)
racial/ethnic minorities had longer hospital stays, (6) uninsured patients had fewer proce-
dures during hospitalization, (7) individuals with public insurance had longer hospital
stays compared to those with private insurance, (8) racial/ethnic minorities were less likely
to receive follow-up services after hospitalization, and (9) racial/ethnic minorities had
lower rates of referral to rehabilitation.

4. Discussion

The purpose of this study was to systematically summarize the extensive and diverse
scope of information available related to SDoH and HDs associated with TBI. Based on
the results of this scoping review, the following section offers potential answers to the
stated research questions, discusses ways to incorporate these results into clinical practice,
and reveals areas of noted gaps in the literature that may prove to be beneficial for future
research.

4.1. Which Social Determinants of Health Are Most Associated with TBI in Adults?

Social determinants of health are the biological, social, and economic conditions in
which people live and work that impact their overall health and well-being. These factors
may be unmodifiable (i.e., race, age), or modifiable (i.e., education level, geographic loca-
tion where an individual lives, employment status), even though those factors considered
modifiable may be difficult to drastically change for some. Results from this scoping re-
view indicated that race/ethnicity, a SDoH factor that is unmodifiable, was overwhelm-
ingly the most commonly reported SDoH (1 = 20) associated with TBI in adults. Race/eth-
nicity appeared to play a significant role in developing a risk for TBI, care received after
TBI, and overall TBI-related health outcomes.

The second most commonly reported SDoH was an individual’s insurance status,
which may be considered a modifiable factor. Insurance status significantly impacts
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trauma outcomes for TBI patients. Insurance status can impact length of stay at the hospi-
tal, mortality, and treatment received. Importantly, insurance status may be largely de-
pendent on other SDoH domains as well, such as SES, employment, or immigration status.
Indeed, when results from this review group insurance status, SES, immigration status,
and employment together into one SDoH category, this became the most commonly re-
ported SDoH (n = 23). This larger category likely represents a variety of social and eco-
nomic factors that are potentially being overlooked by some researchers and clinicians.
There is a cycle regarding SES and it is difficult to change status in one generation. Indeed,
it may take multiple generations to break the cycle, and involve multiple members of the
family [53,54]. For example, a child from a lower SES may have difficulties reaching opti-
mal academic achievement (i.e., limited funds to pay for school; employment trumps
schooling given the need for insurance or income), which can subsequently affect the
child’s adulthood and potential employability.

Results from this indicated that the most frequently researched SDoH are related to
race/ethnicity. While this is an extremely important consideration, researchers and clini-
cians should also be aware of other factors that are influencing the health of their patient,
that do not seem to necessarily be studied as frequently. For example, no articles included
in this review looked at health literacy or cultural considerations as a specific SDoH, and
only a handful accounted for the language spoken of the individual, their housing situa-
tion, or educational level —all of which have been studied in other major health areas, but
seemingly not as much the TBI population. These unaccounted SDoH in the TBI popula-
tion may very well have real-life clinical implications. For example, the SDoH of social
support may influence TBI recovery, as those patients with good social support may be
better equipped to manage the emotional, cognitive, and physical consequences often as-
sociated with the long-term recovery of TBIL; however, those patients without good social
support may experience more significant psychological distress.

4.2. What Are the Most Common Health Disparities Associated with TBI in Adults?

The relationship between SDoH and HD in TBI is certainly complex and multifac-
eted. The results from this review demonstrated that biological, social, economic, and en-
vironmental SDoH contribute to health inequities related to TBI incidence, acute hospital-
ization, treatment options, and recovery. Health disparities most commonly reported
were rooted in the race/ethnicity domain. Warren and Garcia found that TBI burden is
higher in communities of color thus these people are disproportionately affected by TBI
compared to non-Hispanic Whites [55]. These inequities likely stem from decades of struc-
tural racism and systematic oppression creating a disadvantage, in terms of health out-
comes, for those who are racial/ethnic minorities [56,57]. Even when accounting for factors
such as severity of TBI injury, and insurance status among patients of different races/eth-
nicities, research still indicates that there are significant differences in mortality and ad-
verse outcomes [58-60]. Racial/ethnic disparities have been noted to influence risk for TBI,
change how someone is treated in the emergency department (i.e., triaged lower, longer
wait times, decreased rates of diagnostic procedures), and influence acute hospitalization
(i.e., longer hospital stays, more likely to experience complications while hospitalized)
[58,61,62]. Discharge rates to rehabilitation services in Black, Latinx, and Asian patients
have been noted to be lower than for those who are White [63,64]. Odonkor et al. provide
a comprehensive discussion of the impact of race during the rehabilitation stage and spe-
cifically noted that Black patients were less likely to be discharged to a higher level acute
rehabilitation center [65]. Many studies have found that those of racial/ethnic minorities
utilize hospital services less, and receive lower amounts of follow-up interventions than
their White counterparts, which creates a health inequity that is ultimately linked to
poorer health outcomes, including decreased rating of quality of life, decreased pleasure
with family activities, and reduced chance of returning to work or school [55,59,66].

This review also noted several HDs related to insurance status. Differences can be
seen in patients with insurance compared to those without it, but is also related to type of
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insurance (i.e., public versus private insurance) [59,67]. For example, length of hospital
stay may be higher for TBI patients with Medicaid [59]. Lack of insurance has been asso-
ciated with low procedural volume in patients with TBI [36,58,68]. Individuals who lacked
insurance tended to have decreased use of in-hospital and post-hospital services, includ-
ing inpatient, outpatient, and rehabilitation services [36,59,69]. Additionally, mortality
rates have been reported to be higher in TBI patients with Medicare compared to those
with private insurance [59].

Socioeconomic status was another contributing factor to HDs within the TBI popula-
tion. Individuals in lower SES brackets and in lower income brackets have been reported
to be at an increased risk of TBI [53]. Previous studies have shown a higher proportion of
death due to injury among people with low SES [70,71]. From this review, HDs related to
SES included changes related to likelihood of acute hospitalization admission and length
of inpatient hospitalization [69,72]. Socioeconomic status has also been noted to impact an
individual’s ability to receive follow-up care [73-76].

4.3. Study Strengths and Limitations

This review provides a comprehensive summary of the literature related to SDoH
and HD impacting adults with TBI. A strength of this study is that it provides clinicians
with a clear view of what social factors may be impacting their patient’s intervention after
TBL It also shows that there are a variety of SDoH that have been poorly documented or
researched and the impact of these on an individual’s intervention after TBI has yet to be
fully realized. Finally, this study synthesizes a variety of HDs noted throughout the con-
tinuum of TBI care, which can help clinicians evaluate potential risks for their patient at
different stages of TBI recovery.

A limitation of this study was that only full-text articles attainable by the research
team were included. This likely impacted which articles were able to be included in the
review for data analysis and may have skewed results in favor of one SDoH or HD over
another. Another limitation to this scoping review is the inherent heterogeneity of the TBI
population that it evaluated, including etiology of TBI and associated individualized
changes with the brain itself. This makes distillation of the research related to TBI difficult.
The research team attempted to address this concern by creating a data collection chart
that allowed for both broad and specific data analyses, which was able to capture the highly indi-
vidualistic nature of the TBI population. Perhaps the greatest limitation faced by the re-
search team was difficulties determining which SDoH most greatly influenced the result-
ing risk for HD. For example, the most commonly noted HD was that Whites are more
likely to discharge to inpatient rehabilitation compared to Blacks or Hispanics. This may
be influenced by a variety of SDoH in addition to race/ethnicity, such as insurance status,
social support, employment, and health literacy; but given that most articles did not list
each specific SDoH for each individual participant, it was difficult to verify the true factor,
or likely factors, at the root of this HD. In situations such as this, the research team for this
study categorized this into solely the main SDoH studied by the article to provide clarity
and consistency for this review’s data collections. Given the inherent multifaceted and
layered factors that impact one’s overall health, studying SDoH and the impact they have
on an individual or group has proved to be difficult.

4.4. Future Directions

By reviewing the relationship between HDs and SDoH that contribute to TBI risk,
researchers and clinicians can hope to develop targeted interventions to reduce TBI risk
and improve outcomes. A review on the SDoH helps investigators to identify groups that
are at an increased risk for sustaining a TBI, as well as those who are at an increased risk
for not receiving timely care, not able to follow-up with treatment as recommended, or
limited by healthcare seeking behaviors related to social or economic factors. By under-
standing these risk factors and identifying the gaps in care, policies and procedures can
be developed that are more specifically aimed at reducing these risks or environmental
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hazards, and improving the overall access to healthcare. Better understanding of the rela-
tionship between an individual’s SDoH and their risk for HDs related to these, may also
allow researchers and clinicians to develop targeted interventions to address the root
causes of HD noted in the TBI population. For example, addressing health literacy, advo-
cating to youth programs, creating improvements in clinical care, and advancing the use
of telemedicine may all serve these at-risk populations and be ways to improve outcome
after TBI [38]. Other ideas suggested that may reduce HDs include initiatives and policy
change that focus on diversity, equity, anti-racism, and inclusion. This would also include
anti-bias training for clinicians and researchers. Stereotypes and overt and covert biases
influence clinical decision-making, therefore continued education on ways to increase
awareness of how these biases impact clinical care and recommendations may be one
strategy to decrease HDs. In addition to self-awareness, advocating for changed policy
related to a variety of health care consideration is another tool important in reducing HDs
[36]. Education and engagement with policy-makers related to the SDoH and HDs faced
by people with TBI is an important step in reducing the health inequities found in this
population [38]. Representation matters as well, so recruiting and training individuals
from diverse groups that are reflective of the population they serve may also help to re-
duce HDs. Finally, further studies are needed to evaluate both SDoH and HDs, especially
related to the potential predictive ability of a SDoH inventory to categorize risk for a pos-
sible health inequity. Additionally, other SDoH factors need to be explored by researchers
within the TBI population, such as a person’s health literacy, their culture, their gender or
sexual orientation, or housing situation.

5. Conclusions

Much yet remains to be discovered with regard to the relationship between SDoH
and HDs within the TBI population. This review aims to provide a better understanding
of the mechanisms underlying this relationship so that researchers and clinicians can iden-
tify at-risk populations, improve access to healthcare and rehabilitation services. Devel-
oping interventions that target these concerns can help to reduce the morbidity and mor-
tality associated with TBI, and can encourage to work toward a future healthcare situation
in which all individuals have similar experiences, steeped in quality and support.
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Appendix B

Appendix B: Health disparities reported in review and grouped by stage of TBI in-
jury. Cited reference found within Appendix A.

Appendix B.1. TBI Mechanism of Injury

Racial/ethnic minorities with an increased exposure to adverse childhood experiences
have an increased risk of TBI [19].

Race does not inform concussion nondisclosure in collegiate athletes [24].

Racial/ethnic minorities are more likely to sustain TBI from acts of violence [16,18,19].
Racial/ethnic minorities more likely to sustain a TBI due to motor-pedestrian collisions
[19].

People living in remote areas have an increased risk of neurotrauma following an accident
[20].

Women are at a greater risk of TBI due to domestic violence [2,20].

Appendix B.2. Acute TBI Care

Racial/ethnic minorities experience longer wait times in the emergency department [4,19].
Racial/ethnic minorities are more likely to leave the emergency department before seeing
a physician [19].

Racial/ethnic minorities are more likely to receive testing for serum alcohol levels [7].
Racial/ethnic minorities are more likely to experience complications during inpatient hos-
pitalization [11].

Racial disparity is associated with inpatient mortality risk [18,19].

Racial/ethnic minorities were less likely to die in the hospital [7].

Racial/ethnic minorities had longer hospital stays [7,14].

People of color experience more severe injuries [4].
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Asians typically had the lowest injury severity at admission [9].

Racial differences exist between White patients and patients of color on self-rated injury
severity scales that are discordant with severity as measured by more objective markers
[4].

There were no statistically significant differences in discharge disposition comparing ra-
cial/ethnic groups [9,18,19].

SES disparity is associated with inpatient mortality risk [7].

SES disparity exists related to length of inpatient hospitalization [7].

People from lower SES areas had an increased chance of being hospitalized for intracranial
injury [15].

Uninsured patients had fewer procedures during hospitalization [7,11,13].

Publicly insured patients have higher odds of undergoing surgical management for trau-
matic SDH compared to self-pay patients [21].

A higher percentage of self-pay TBI patients die in the hospital [21].

Medicare patients are less likely to undergo craniectomy [21].

Individuals with public insurance had longer hospital stays compared to those with pri-
vate insurance [7,13].

There is no association between in-hospital mortality rate and immigrant documentation
status [27].

Undocumented immigrants had a longer average hospital length of stay [27].

Older patients are less likely to undergo craniectomy [17].

Females are less likely to undergo craniectomy [17].

Women receive different inpatient care depending on age and severity of TBI [12].

Appendix B.3. TBI Rehabilitation Services

Whites more likely to discharge to inpatient rehabilitation than Blacks or Hispanics
[3,9,11,14].

Compared to Whites, Blacks were significantly more likely to be discharged home
[5,14,25].

Racial/ethnic minorities are less likely to receive follow-up services after hospitalization
[5,14].

Racial/ethnic minorities have lower rates of referral to rehabilitation [3,9].

Racial/ethnic minorities are more likely to receive fewer rehabilitation minutes [19].
Racial/ethnic minorities have a higher likelihood of early discharge from rehabilitation
[19].

Hispanic patients with comparable injury severity and insurance status receive different
discharge dispositions post-TBL, even in regions in which Hispanics are the demographic
majority [3].

White patients are admitted to acute rehabilitation significantly faster than people of color
[4].

Hispanic ethnicity was associated with a greater odd of discharge to home [25].

People of color had lower admission and discharge FIM scores [25].

Asian patients at Trauma Level 1 hospitals were more likely to be discharged to acute
rehabilitation if they had private versus public insurance [6].

Uninsured patients were the least likely to go to inpatient rehabilitation [11,14].

Appendix B.4. Long-Term TBI Outcomes

Whites more likely to receive palliative care encounters than Black and Hispanic patients
[26].

Whites more likely to refuse PEG placement after a palliative care consult [26].

After controlling for covariates, Blacks had a greater rate of depression than Whites, and
similar rate as Hispanics [14].

Blacks had lower life satisfaction rates over time compared to Whites [14].
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Racial/ethnic minorities more likely to report higher levels of caregiver burden after TBI
[14].

Blacks were more likely to report more challenges coping with depression [14].
Racial/ethnic minorities more likely to experience long-term adverse outcomes [19].
Black patients with private insurance and Black patients with public insurance had poorer
outcomes than privately insured White patients [17].

Hispanics with TBI showed greater participation than non-Hispanic Whites in the area of
being out and about in the community 1-year post-injury [22].

Asians failed to make similar improvements as noted in Hispanics and Whites between
rehabilitation discharge and 1 year post-TBI follow-up [9].

Race was not a significant predictor of outcome or mortality [25].

Sex was not a significant predictor of outcome or mortality [16].

There are gender differences related to self-reported post-concussion syndrome symp-
toms, which are likely based in anxiety sensitivity [1].

Older patients are more likely to have poorer outcomes [14].

Age was not a significant predictor of outcome or mortality [16].

SES was not a significant predictor of outcome or mortality [16].

Nativity, moderated by the residential proportion of foreign language speakers, predicted
productive activity 1-year post TBI [10].

Indigenous populations of Canada faced inadequate resources, social problems, and chal-
lenges within the health care system [20].

Lack of health insurance was significantly associated with decreased use of post-hospital
healthcare services [5].

Medicare and Medicaid patients of all race categories had poorer outcomes than privately
insured White patients [14].

People with TBI living in more rural areas traveled significantly further to access post-
discharge health services and had decreased amounts of follow-up healthcare appoint-
ments [8].

Countries with a high incidence of TBI has disproportionately higher research publica-
tions compared to countries with lower TBI populations [23].

References

1. Dewan, M.C; Rattani, A.; Gupta, S.; Baticulon, R.E.; Hung, Y.C; Punchak, M.; Agrawal, A.; Adeleye, A.O.; Shrime, M.G.; Ru-
biano, AM.; et al. Estimating the global incidence of traumatic brain injury. ]. Neurosurg. 2019, 130, 1080-1097.
https://doi.org/10.3171/2017.10.jns17352.

2. Capizzi, A; Woo, J; Verduzco-Gutierrez, M. Traumatic brain injury. Med. Clin. North Am. 2020, 104, 213-238.
https://doi.org/10.1016/j.mcna.2019.11.001.

3. Maas, ALR; Menon, D.K,; Adelson, P.D.; Andelic, N.; Bell, M.]; Belli, A.; Bragge, P.; Brazinova, A.; Biiki, A.; Chesnut, RM.; et
al. InTBIR participants and investigators. Traumatic brain injury: Integrated approaches to improve prevention, clinical care,
and research. Lancet Neurol. 2017, 16, 987-1048. https://doi.org/10.1016/51474-4422(17)30371-X.

4. Ng, S.Y,; Lee, AY. Traumatic brain injuries: Pathophysiology and potential therapeutic targets. Front. Cell. Neurosci. 2019, 13,
528. https://doi.org/10.3389/fncel.2019.00528.

5. Centers for Disease Control and Prevention. 21 March 2022. Available online: https://www.cdc.gov/traumaticbrain-
injury/data/index.html (accessed on 21 March 2023).

6. Rosenfeld, J.V.; Maas, A.L; Bragge, P.; Morganti-Kossmann, M.C.; Manley, G.T.; Gruen, R.L. Early management of severe trau-
matic brain injury. Lancet 2012, 380, 1088-1098. https://doi.org/10.1016/s0140-6736(12)60864-2.

7. Braveman, P.; Egerter, S.; Williams, D.R. The social determinants of health: Coming of age. Annu. Rev. Public Health 2011, 32,
381-398. https://doi.org/10.1146/annurev-publhealth-031210-101218.

8. Osmick, M.J.; Wilson, M. Social Determinants of health—Relevant history, a call to action, an organization’s transformational
story, and what can employers do? Am. ]. Health Promot. 2020, 34, 219-224. https://doi.org/10.1177/0890117119896122d.

9. Braveman, P. What are Health Disparities and health equity? We need to be clear. Public Health Rep. 2014, 129, 5-8.
https://doi.org/10.1177/00333549141291s203.

10. Braveman, P.; Gottlieb, L. The social determinants of health: It's time to consider the causes of the causes. Public Health Rep.

2014, 129, 19-31. https://doi.org/10.1177/00333549141291s206.



Brain Sci. 2023, 13, 707 17 of 19

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chan, V.; Marcus, L.; Burlie, D.; Mann, R.E.; Toccalino, D.; Cusimano, M.D.; Ilie, G.; Colantonio, A. Social determinants of health
associated with psychological distress stratified by lifetime traumatic brain injury status and sex: Cross-sectional evidence from
a population sample of adults in Ontario, Canada. PLoS ONE 2022, 17, e0273072. https://doi.org/10.1371/journal.pone.0273072.
Islam, M.M. Social determinants of health and related inequalities: Confusion and implications. Front. Public Health 2019, 7, 11.
https://doi.org/10.3389/fpubh.2019.00011.

Osypuk, T.L.; Joshi, P.; Geronimo, K.; Acevedo-Garcia, D. Do social and economic policies influence health? A review. Curr.
Epidemiol. Rep. 2014, 1, 149-164. https://doi.org/10.1007/s40471-014-0013-5.

Banks, A.R.; Bell, B.A.; Ngendahimana, D.; Embaye, M.; Freedman, D.A.; Chisolm, D.J. Identification of factors related to food
insecurity and the implications for social determinants of health screenings. BMC Public Health 2021, 21, 1410.
https://doi.org/10.1186/s12889-021-11465-6.

Towne, S.D,; Liu, X,; Li, R.; Smith, M.L.; Maddock, J.E.; Tan, A.; Hayek, S.; Zelber-Sagi, S.; Jiang, X.; Ruan, H.; et al. Social and
structural determinants of health inequities: Socioeconomic, transportation-related, and provincial-level indicators of cost-re-
lated Forgone Hospital Care in China. Int. ]. Environ. Res. Public Health 2021, 18, 6113. https://doi.org/10.3390/ijerph18116113.
Marmot, M.; Friel, S.; Bell, R.; Houweling, T.A.].; Taylor, S. Closing the gap in a generation: Health equity through action on the
social determinants of health. Lancet 2008, 372, 1661-1669. https://doi.org/10.1016/s0140-6736(08)61690-6.

Weida, E.B.; Phojanakong, P.; Patel, F.; Chilton, M. Financial health as a measurable social determinant of health. PLoS ONE
2020, 15, e0233359. https://doi.org/10.1371/journal.pone.0233359.

Andermann, A.; CLEAR Collaboration. Taking action on the social determinants of health in clinical practice: A framework for
health professionals. Can. Med. Assoc. J. 2016, 188, E474-E483. https://doi.org/10.1503/cmaj.160177.

Protheroe, J.; Nutbeam, D.; Rowlands, G. Health literacy: A necessity for increasing participation in health care. Br. ]. Gen. Pract.
2009, 59, 721-723. https://doi.org/10.3399/bjgp09X472584.

Healthy People 2030. Available online: https://health.gov/healthypeople (accessed on 23 March 2023).

Gulati, R.K.; Hur, K. Association between limited English proficiency and healthcare access and utilization in California. J.
Immigr. Minor. Health 2021, 24, 95-101. https://doi.org/10.1007/s10903-021-01224-5.

Al Shamsi, H.; Almutairi, A.G.; Al Mashrafi, S.; Al Kalbani, T. Implications of language barriers for healthcare: A systematic
review. Oman. Med. ]. 2020, 35, e122. https://doi.org/10.5001/0mj.2020.40.

Schillinger, D. The intersections between social determinants of health, health literacy, and health disparities. Stud. Health Tech-
nol. Inform. 2020, 269, 22-41. https://doi.org/10.3233/SHTI200020.

Centers for Disease Control and Prevention. 3 February 2023. Available online: https://www.cdc.gov/traumaticbrain-
injury/health-disparities-tbi.html (accessed on 21 March 2023).

Adler, N.E.; Glymour, M.M.; Fielding, ]. Addressing social determinants of health and health inequalities. JAMA 2016, 316, 1641.
https://doi.org/10.1001/jama.2016.14058.

Centers for Disease Control and Prevention. 24 November 2020. Available online: https://www.cdc.gov/healthyyouth/dispari-
ties/index.htm (accessed on 21 March 2023).

NIH (National Institutes of Health). Health Disparities. 2018. Available online: http://www.nhlbi.nih.gov/health/educa-
tional/healthdisp (accessed on 21 March 2023).

Primary Care Collaborative. (n.d.). Available online: https://www.pcpcc.org/topic-page/health-disparities (accessed on 23
March 2023).

Lee, H.; Kim, D.; Lee, S.A.; Fawcett, J. The concepts of health inequality, disparities and equity in the era of population health.
Appl. Nurs. Res. 2020, 56, 151367 . https://doi.org/10.1016/j.apnr.2020.151367.

Weinstein, J.N.; Geller, A.; Negussie, Y.; Baciu, A. Communities in Action: Pathways to Health Equity; National Academies Press
(US): Washington, DC, USA, 2017.

Havranek, E.P.; Mujahid, M.S.; Barr, D.A.; Blair, I.V.; Cohen, M.S.; Cruz-Flores, S.; Davey-Smith, G.; Dennison-Himmelfarb,
C.R,; Lauer, M.S,; Lockwood, D.W.; et al. Social determinants of risk and outcomes for cardiovascular disease. Circ. . 2015, 132,
873-898. https://doi.org/10.1161/cir.0000000000000228.

Pinheiro, L.C.; Reshetnyak, E.; Akinyemiju, T.; Phillips, E.; Safford, M.M. Social determinants of health and cancer mortality in
the reasons for geographic and racial differences in stroke (REGARDS) cohort study. Cancer 2022, 128, 122-130.
https://doi.org/10.1002/cncr.33894.

Reshetnyak, E.; Ntamatungiro, M.; Pinheiro, L.C.; Howard, V.]J.; Carson, A.P.; Martin, K.D.; Safford, M.M. Impact of multiple
social determinants of health on incident stroke. Stroke 2020, 51, 2445-2453. https://doi.org/10.1161/strokeaha.120.028530.
Saadi, A.; Bannon, S.; Watson, E.; Vranceanu, A.M. Racial and ethnic disparities associated with traumatic brain injury across
the continuum of care: A narrative review and directions for future research. J. Racial. Ethn. Health Disparities. 2021, 9, 786-799.
https://doi.org/10.1007/s40615-021-01017-4.

Barthelemy, E.R.; Affana, C.K,; Asfaw, Z.K.; Dams-O'Connor, K.; Rahman, J.; Jones, S.; Ullman, J.; Margetis, K.; Hickman, Z.L.;
Dangayach, N.S.; et al. Racial and socioeconomic disparities in neurotrauma: Research priorities in the New York metropolitan
area through a global neurosurgery paradigm. World Neurosurg. 2022, 165, 51-57.



Brain Sci. 2023, 13, 707 18 of 19

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Gao, S.; Kumar, R.G.; Wisniewski, S.R.; Fabio, A. Disparities in health care utilization of adults with traumatic brain injuries are
related to insurance, race, and ethnicity: A systematic review. ]. Head Trauma. Rehabil. 2018, 33, E40-E50.
https://doi.org/10.1097/htr.0000000000000338.

Mukhtarzada, M.G.; Monteith, T.S. Equity and disparities in diagnosis, management, and research of post-traumatic headache.
Curr. Pain Headache Rep. 2022, 26, 555-566. https://doi.org/10.1007/s11916-022-01058-2.

Burnett, D.M.; Kolakowsky-Hayner, S.A.; Slater, D.; Stringer, A.; Bushnik, T.; Zafonte, R.; Cifu, D.X. Ethnographic analysis of
traumatic brain injury patients in the national model systems database. Arch. Phys. Med. Rehabil. 2003, 84, 263-267.
https://doi.org/10.1053/apmr.2003.50091.

Alban, R.F.; Berry, C; Ley, E.; Mirocha, ].; Margulies, D.R; Tillou, A.; Salim, A. Does health care insurance affect outcomes after
traumatic brain injury? analysis of the National Trauma Databank. Am. Surg. 2010, 76, 1108-1111.
https://doi.org/10.1177/000313481007601019.

Gardizi, E.; Hanks, R.A.; Millis, S.R.; Figueroa, M.]. Comorbidity and insurance as predictors of disability after traumatic brain
injury. Arch. Phys. Med. Rehabil. 2014, 95, 2396-2401. https://doi.org/10.1016/j.apmr.2014.06.004.

Dall, T.M.; Storm, M.V.; Chakrabarti, R.; Drogan, O.; Keran, C.M.; Donofrio, P.D.; Henderson, V.W.; Kaminski, H.J.; Stevens,
J.C.; Vidic, T.R. Supply and demand analysis of the current and future US neurology workforce. Neurology 2013, 81, 470-478.
https://doi.org/10.1212/wnl.0b013e318294b1cf.

Mauser, E.D.; Rosen, N.L. So many migraines, so few subspecialists: Analysis of the geographic location of United Council for
Neurologic subspecialties (UCNS) certified headache subspecialists compared to United States headache demographics. ]. Head-
ache Pain 2014, 54, 1347-1357. https://doi.org/10.1111/head.12406.

Johnson, L.W.; Hall, K.D. A scoping review of cognitive assessment in adults with acute traumatic brain injury. Am. J. Speech
Lang. Pathol. 2021, 31, 739-756. https://doi.org/10.1044/2021_AJSLP-21-00132.

Byom, L.; O'Neil-Pirozzi, T.M.; Lemoncello, R.; MacDonald, S.; Meulenbroek, P.; Ness, B. Social communication following adult
traumatic brain injury: A scoping review of theoretical models. Am. ]. Speech Lang. Pathol. 2020, 2, 1735-1748.

Iverson, G.L.; Karr, ].E.; Gardner, A.J.; Silverberg, N.D.; Terry, D.P. Results of scoping review do not support mild traumatic
brain injury being associated with a high incidence of chronic cognitive impairment: Commentary on McInnes et al. 2017. PLoS
ONE 2019, 14, e0218997. https://doi.org/10.1371/journal.pone.0218997.

Patterson, F.; Fleming, J.; Doig, E. Group-based delivery of interventions in traumatic brain injury rehabilitation: A scoping
review. Disabil. Rehabil. 2016, 38, 1961-1986. https://doi.org/10.3109/09638288.2015.1111436.

Arksey, H.; O'Malley, L. Scoping Studies: Towards a methodological framework. Int. . Soc. Res. Methodol. Theory Pract. 2005, 8,
19-32. https://doi.org/10.1080/1364557032000119616.

Colquhoun, H.L,; Levac, D.; O'Brien, K.K,; Straus, S.; Tricco, A.C.; Perrier, L.; Kastner, M.; Moher, D. Scoping reviews: Time for
clarity in definition, methods, and reporting. J. Clin. Epidemiol. 2014, 67, 1291-1294. https://doi.org/10.1016/j.clinepi.2014.03.013.
Levac, D.; Colquhoun, H.; O'Brien, K.K. Scoping studies: Advancing the methodology. Implement. Sci. 2010, 5, 69.
https://doi.org/10.1186/1748-5908-5-69.

Tricco, A.C,; Lillie, E.; Zarin, W.; O'Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.].; Horsley, T.; Weeks, L.; et al.
PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. 2018, 169, 467-473.
https://doi.org/10.7326/M18-0850.

Nowell, L.; Alix Hayden, K.; Berenson, C.; Kenny, N.; Chick, N.; Emery, C. Professional learning and development of postdoc-
toral scholars: A scoping review protocol. Syst. Rev. 2018, 7, 224. https://doi.org/10.1186/s13643-018-0892-5.

Shoreland, J.; Douglas, J.; O'Halloran, R. Cognitive-communication difficulties following traumatic brain injury sustained in
older adulthood: A scoping review. Int. |. Lang. Commun. Disord. 2020, 55, 821-835. https://doi.org/10.1111.1460-6984.12560.
Cheng, T.L.; Johnson, S.B.; Goodman, E. Breaking the intergenerational cycle of disadvantage: The three generation approach.
Pediatrics 2016, 137, €20152467. https://doi.org/10.1542/peds.2015-2467.

Smeeding, T.M. Multiple barriers to economic opportunity for the “truly” disadvantaged and vulnerable. Russell Sage Found. ].
Soc. Sci. RSF 2016, 2, 98-122. https://doi.org/10.7758/RSF.2016.2.2.04.

Warren, K.L.; Garcia, J.J. Centering race/ethnicity: Differences in traumatic brain injury inpatient rehabilitation outcomes. PM&R
2022, 14, 1430-1438.

Churchwell, K.; Elkind, M.S.V.; Benjamin, R.M.; Carson, A.P.; Chang, E.K,; Lawrence, W.; Mills, A.; Odom, T.M.; Rodriguez,
C.J.; Rodriguez, F.; et al. Call to action: Structural racism as a fundamental driver of health disparities: A presidential advisory
from the American Heart Association. Circ. J. 2020, 142, e454—e468. https://doi.org/10.1161/CIR.0000000000000936.

Gee, G.C; Ford, C.L. Structural racism and health inequities: Old issues, new directions. Du. Bois. Rev. 2011, 8, 115-132.
McQuistion, K.; Zens, T.; Jung, H.; Beems, M.; Leverson, G.; Liepert, A.; Scarborough, J.; Agarwal, S. Insurance status and race
affect treatment and outcome of traumatic brain injury. J. Surg. Res. 2016, 205, 261-271.

Reilly, A.S.; Khawaja, A.M.; Ali, A.B.; Madsen, T.; Molino-Bacic, J.; Heffernan, D.S.; Zonfrillo, M.R.; Vaitkevicius, H.; Gormley,
W.B,; Izzy, S.; et al. Disparities in decompressive cranial surgery utilization in severe traumatic brain injury patients without a
primary extra-axial hematoma: A U.S. nationwide study. World Neurosurg. 2023, 169, el6—e28.

Richie, E.A.; Nugent, J.G.; Raslan, A.M. Racial and ethnic inequities in mortality during hospitalization for traumatic brain
injury: A call to action. Front. Surg. 2021, 8, 690971.



Brain Sci. 2023, 13, 707 19 of 19

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

Owens, A.; Holroyd, B.R.; McLane, P. Patient race, ethnicity, and care in the emergency department: A scoping review. CJEM
2020, 22, 245-253.

Berwick, D.M.; Bowman, K.; Matney, C. Traumatic brain injury: A roadmap for accelerating progress. National Academies
Press: Washington, DC, USA, 2022.

Asemota, A.O.; George, B.P.; Cumpsty-Fowler, C.J.; Haider, A.H.; Schneider, E.B. Race and insurance disparities in discharge
to rehabilitation for patients with traumatic brain injury. ]. Newrotrauma. 2013, 30, 2057-2065.
https://doi.org/10.1089/neu.2013.3091.

Shafi, S.; de la Marquez Plata, C.; Diaz-Arrastia, R.; Shipman, K.; Carlile, M.; Frankel, H.; Parks, J.; Gentilello, L.M. Racial dis-
parities in long-term functional outcome after traumatic brain injury. J. Loss. Trauma. 2007, 63, 1263-1270.
https://doi.org/10.1097/TA.0b013e31815b8£00.

Odonkor, C.A.; Esparza, R.; Flores, L.E.; Verduzco-Gutierrez, M.; Escalon, M.X.; Solinsky, R.; Silver, ].K. Disparities in health
care for black patients in physical medicine and rehabilitation in the united states: A narrative review. PM&R 2021, 13, 180-203.
Kuerban, A.; Dams-O'Connor, K. Effect of race and nativity on functional outcomes following traumatic brain injury among
asian, hispanic, and non-hispanic white survivors in the united states: A NIDILRR TBI model systems study. J. Head Trauma.
Rehabil. 2022, 37, E310-E318.

Englum, B.R,; Hui, X; Zogg, C.K.; Chaudhary, M.A_; Villegas, C.; Bolorunduro, O.B.; Stevens, K.A.; Haut, E.R.; Cornwell, E.E.;
Efron, D.T.; et al. Association between insurance status and hospital length of stay following trauma. Am. Surg. 2016, 82, 281-
288. https://doi.org/10.1177/000313481608200324.

Missios, S.; Bekelis, K. The association of insurance status and race with the procedural volume of traumatic brain injury pa-
tients. Injury 2016, 47, 154-159.

Haines, K.L.; Nguyen, B.P.; Vatsaas, C.; Alger, A.; Brooks, K.; Agarwal, S.K. Socioeconomic status affects outcomes after severity-
stratified traumatic brain injury. J. Surg. Res. 2019, 235, 131-140.

Bruns, J., Jr.; Hauser, W.A. The epidemiology of traumatic brain injury: A review. Epilepsia 2003, 44, 2-10.

Kraus, ].F,; Fife, D.; Ramstein, K.; Conroy, C.; Cox, P. The relationship of family income to the incidence, external causes, and
outcomes of serious brain injury, San Diego County, California. Am. J. Public Health 1986, 76, 1345-1347.

Park, H.A.; Vaca, F.E.; Jung-Choi, K.; Park, H.; Park, J.O. Area-level socioeconomic inequalities in intracranial injury-related
hospitalization in Korea: A retrospective analysis of data from Korea national hospital discharge survey 2008-2015. J. Korean
Med. Sci. 2023, 38, e38.

Daugherty, J.; Sarmiento, K.; Waltzman, D.; Xu, L. Traumatic brain injury-related hospitalizations and deaths in urban and rural
counties—2017. Ann. Emerg. Med. 2022, 79, 288-296.e1.

Liao, C.C; Chiu, W.T.; Yeh, C.C.; Chang, H.C.; Chen, T.L. Risk and outcomes for traumatic brain injury in patients with mental
disorders. J. Neurol. Neurosurg. Psychiatry 2012, 83, 1186-1192.

Nordstrom, A.; Edin, B.B.; Lindstrom, S.; Nordstrom, P. Cognitive function and other risk factors for mild traumatic brain injury
in young men: Nationwide cohort study. BM] 2013, 346, {723.

Gugushvili, A.; Bulczak, G.; Zelinska, O.; Koltai, ]. Socioeconomic position, social mobility, and health selection effects on allo-
static load in the United States. PLoS ONE 2021, 16, e0254414. https://doi.org/10.1371/journal.pone.0254414.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



