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Abstract
SOCIODEMOGRAPHIC AND INJURY SEVERITY CHARACTERISTICS AS PREDICTORS
OF FUNCTIONAL INDEPENDENCE IN OLDER ADULTS WITH TBI UP TO 10 YEARS
POST INJURY
By Carmen M. Tyler, MA, MEd

A dissertation submitted in partial fulfillment of the requirements for the degree of Doctor of
Philosophy at Virginia Commonwealth University

Virginia Commonwealth University, 2022
Major Director: Paul B. Perrin, PhD, Professor, Department of Psychology
Traumatic brain injury (TBI), a wound to the brain caused by an external force and
resulting in changes in consciousness, memory, or function, may be experienced along a wide
range of severity and duration. It can cause momentary confusion or disorientation to lifelong
physical and cognitive impairments. There are over 150 TBI-related deaths occurring each day in
the U.S., and mortality rates are higher for those who are older, male, single, and unemployed.
TBI incidence rates have been increasing in recent years, with the greatest number of TBIs and
the highest morbidity and mortality rates in individuals aged 80 and over. As average life
expectancy continues to increase, the older adult population is expected to comprise nearly one-
quarter of the U.S. populace by 2060, with approximately 19 million individuals aged 85 or
older. With the increased risk to a larger proportion of the U.S. population posed by TBI, the aim
of the current study was to use hierarchical linear modeling (HLM) to examine the roles of
sociodemographic and injury severity characteristics as predictors of functional independence
trajectories across 1, 2, 5, and 10 years after TBI in older adults. Participants comprised 2,459
individuals who were aged 60 or older at the time of TBI, enrolled in the national longitudinal

TBI Model Systems database, and had Functional Independence Measure Motor and Cognitive
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subscale scores and Glasgow Outcome Scale-Extended scores on at least 1 time point. The main
HLM analyses showed that functional independence trajectories generally decreased over the 10
years after TBI. Individuals who were older, male, underrepresented minorities, had lower
education, were unemployed at time of injury, had no history of substance use disorder, or had
difficulties with learning, dressing, and going out of the home prior to the TBI, or longer time in
posttraumatic amnesia had lower functional independence trajectories across at least one of the
functional independence outcomes. Functional independence trajectories were significantly
predicted by interactions between time terms and: age, race/ethnicity, employment at baseline,
injury severity, and pre-TBI limitations in learning, going out of the home, and working. The
sociodemographic and injury severity characteristics identified in this study as predictors of
functional independence in older adults with TBI may serve patients and care providers by
heightening awareness of the need for attention to these factors in treatment planning and long-
term health monitoring and ultimately as a way to decrease morbidity and mortality in this older

adult population.
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Chapter 1: Literature Review

Overview of the Literature Review

This review of the literature begins by defining traumatic brain injury (TBI) and
describing severity parameters and the indices commonly used to measure them. Incidence,
distribution, sequelae, and determinants of TBI generally are summarized before honing in on
these same descriptors as applied to the older adult population. Risk factors preceding and
subsequent to TBI in older adults are then briefly examined. The concepts of functional
independence and global outcomes after TBI are presented, followed by descriptions of the
Functional Independence Measure (FIM) and the Glasgow Outcome Scale-Extended (GOS-E),
as well as their reported utility for measuring functional independence after TBI. An overview of
demographic factors related to functional outcomes after TBI is provided, including age,
insurance status, racial/ethnic minority status, sex and partnered status, employment, and pre-
existing health conditions. Finally, this literature is synthesized to describe the purpose of the
current study and directional hypotheses based on that literature.
Epidemiology & Pathophysiology of Traumatic Brain Injury (TBI)

TBI may be defined as the damage incurred by the brain from an external force like a fall,
a blast, or a blow to the head which results in functional impairment and a change in
consciousness (BIA, 2011; NDSC, March, 2017). According to the Diagnostic and Statistical
Manual of Mental Disorders (5" ed.; DSM-5; American Psychiatric Association [APA], 2013),
to be considered a TBI it must result in consciousness loss, amnesia, disorientation and
confusion, or evidence of neurological deficits. Impairment in function and degree of
consciousness change resulting from a TBI will depend on the part of the brain involved and

injury severity.



TBI sequelae may range from momentary changes in consciousness (e.g., minutes-long
disorientation) to coma and from transient memory difficulties to lifelong deficits in mental
status and functioning. TBI may affect a single or multiple domains; for example, a person with
TBI may exhibit sensory, movement, memory, cognition, or emotional changes or a combination
thereof (CDC, 2015; CDC, 2019; APA, 2013). Dealing with the aftermath of TBI can be
complex, as it may involve not only physiological healing but also adjustment to impairments in
the control mechanisms for affected psychological, emotional, social, and cognitive functions.
Additionally, individuals with TBI may experience complications because of comorbidities
associated with the TBI such as post-concussive symptoms, post-traumatic stress disorder, and
chronic pain (Risdall & Menon, 2011).

TBI severity is classified as being mild, complicated mild, moderate, or severe and is
generally indexed by documenting consciousness changes and/or length of posttraumatic
amnesia (PTA; Hart et al., 2016; Herou et al., 2015; McMillan et al., 1996; Williams et al.,
2015), or intracranial abnormalities found on neuroimaging in the case of complicated mild TBI
(Karr et al., 2020). Although instruments such as the Glasgow Coma Scale (GCS; Teasdale &
Jennett, 1974), one of the most widely used diagnostic tools for individuals presenting with a
head injury (Zuercher et al., 2009), use a three-level classification system (< 8 = severe; 9-12 =
moderate; 13-15 = mild), the term “mild” may be misleading. Recent studies have substantiated
cumulative effects of sustaining multiple mild TBIs such as problems with balance, focus,
memory, and pain (CDC, 2015) and persistence of symptoms for at least one year post TBI
(McMahon et al., 2014; Theadom et al., 2016; Wéljas et al., 2015). Additionally, symptoms

associated with mild TBI may include cognitive impairments such as deficits in executive



functioning, memory recall, attention, cognitive flexibility, and processing speed (Barker-Collo,
2015; McCauley et al., 2014; Sivak, 2013).

Moderate to severe TBI often results in noticeable dysfunctions in cognition such as
trouble with communication, memory, concentration, learning, and processing. Motor skill
deficiencies with balance and muscle weakness may become apparent as consequences of
sustaining moderate-to-severe TBI as may deficits in sensory perception (APA, 2013). People
with moderate-to-severe TBI may experience more intense mood changes and increased feelings
of anxiety, depression, and irritability than they have previously had (Holsinger et al., 2002).
Moderate-to-severe TBI symptoms may also manifest as personality changes or increased
impulsivity (CDC, 2015).

In the U. S., TBI rates increased by more than 50% in the eight-year period between 2006
and 2014, and there were almost 61,000 deaths (or about 167 per day) related to TBI in 2019
(CDC, 2019). Twenty-two percent of individuals with TBI die within the five years immediately
post injury, and overall life expectancy is shortened by nine years (CDC, 2021). Mortality rates
increase for those who are older, male, single, unemployed, and have less education (CDC, 2021;
Daugherty et al., 2019), and falls were the leading cause of TBI in all ages and of death for
people over 75 years old in 2014 (CDC, 2019b; Cuthbert et al., 2015). People with mental health
conditions such as schizophrenia, bipolar disorder, and depression are more likely to experience
TBI (Dams O’Connor et al., 2016; Malaspina et al., 2001). Fifty-two percent of individuals with
TBI get worse or stay the same in the five years following TBI, with only 26% showing
improvement during that period (CDC, 2021). Although TBI may once have been thought of as
an acute injury, it is increasingly being recognized as a chronic health condition (Corrigan &

Hammond, 2013; Masel & DeWitt, 2010) with long-term consequences for many patients such



as inability to return to work, repeated hospitalizations, need for assistance in performing routine
activities, and misuse of substances (CDC, 2021).
Older Adults Demographics

The U.S. is the third most populous country in the world, with an estimated 332,500,290
people as of April of 2021 (Worldometer, 2021). The number of older adults 65 and above in the
U.S. has continued to grow steadily over recent years, increasing from 12.76% of the population
in 2009 to 16.21% in 2019, while other population groups have remained at about the same
percentage or a little lower over the same time period (Statista, 2020a). Average life expectancy
for men in 2017 was 78.6 years and for women was 80 years (Murphy et al., 2018). By 2060,
projections are that the over-65 age group will be approximately double what it was in 2018,
comprising nearly one-quarter of the U.S. population (Vespa et al., 2020). Furthermore, the
number of oldest old (ages 85 and over) is expected to double in the next 15 years and triple by
2060 to approximately 19 million people (Vespa et al., 2020). From middle age onward, there
are more women than men in each half decade age category (Statista, 2020b).
Epidemiology of TBI in Older Adults

TBI rates are increasing for older adults, with the greatest number of TBIs incurred by
those aged 80 years and older (CDC, 2019b). TBI-related morbidity and mortality rates are
highest for older adults when compared to other groups (Dams-O’Connor, 2013; Gardner et al.,
2018), with the primary cause for TBI in older adults being falls (Haring, 2015; Harvey & Close,
2012; Mosenthal et al., 2004). As age increases, the likelihood of returning to live alone or at a
private residence after a TBI decreases—perhaps because although older adults seem to

experience less severe TBIs, rehabilitation takes longer with less improvement in functionality



and greater disability after TBI (Cifu et al., 1996; Cuthbert et al., 2015; Mosenthal et al., 2004;
Stocchetti et al., 2012; Susman et al., 2002).

The increased risk associated with TBI in older adults is not a recent observation
(Vollmer et al., 1991), but explanations as to causality differ. Some theorize that commonly used
TBI assessment instruments like the GCS, in addition to having problems with inter-rater
reliability and confounds (Zuercher et al., 2009), are not as sensitive for older adults as they are
for younger adults, leading to underestimations of TBI severity (Rothweiler et al., 1998; Yap &
Chua, 2008). Several studies have demonstrated that older adults with GCS scores in the normal
range are among those at highest risk for undetected intracranial lesions (Hawley et al., 2017;
Haydel et al., 2000). Neuroinflammatory pattern differences in older versus younger adults have
been noted up to six months after a TBI, but it is still unclear as to whether these differences are
age- or injury-related (Thompson et al., 2020). Physical health conditions commonly experienced
in older age are linked with increased fall risk (Shumway-Cook et al., 2009) and may be
responsible for worse outcomes for older adults with TBI (Dams-O’Connor et al., 2016). For
example, as cardiovascular illnesses are frequently seen in older adults (CDC, 2021 March),
many older adults are placed on prophylactic aspirin therapy to decrease the likelihood of blood
clot formation which could lead to serious or even fatal medical conditions like myocardial
infarctions or cerebrovascular accidents. While aspirin therapy can be effective in preventing
thrombus formation, its antiplatelet properties can also increase the risk of intracranial bleeding
subsequent to a fall (Bhattacharya et al., 2016). Others propose that physiological changes
related to the aging process (Green et al., 2008; Liu et al., 2017) may be the culprits in the
increased vulnerability which accompanies TBI in older adults. As adults age, structural and

metabolic changes occur in the brain (Lowe et al., 2019) and throughout the body (e.g., Guirao et



al., 2000), resulting in reductions in functional efficiency of the bodily systems. For example,
cognitive changes may become apparent in processing speed, memory, and executive
functioning (Green et al., 2008; Lowe et al., 2019), and sensorimotor changes are evident in
difficulties with eyesight, hearing, balance, and gait (Cheslock & De Jesus, 2021; Guirao et al.,
2000; Winter et al., 1990).

Apart from the question of whether age-related health conditions increase the risk of TBI
in older adults is the possibility that TBI actually increases vulnerability to developing illnesses
like Parkinson’s disease (Gardner et al., 2015) and Alzheimer’s disease (Ikonomovic et al.,
2017), and mental health conditions such as schizophrenia (Molloy et al., 2011) and depression
(Jean-Bay, 2000), which could contribute to limited independent function. Although observation
of the link between sustaining moderate-to-severe TBI and subsequent development of
Alzheimer’s disease is not new (e.g., Plassman et al., 2000), ongoing research is elucidating the
physiological processes that seem to contribute to the increased risk for developing
neurodegenerative diseases such as dementia and Parkinson’s disease after TBI (Brett et al.,
2021). However, as with much of the research in dementia and TBI to date, findings are not
conclusive in proving this association, possibly due to differences in measuring or
operationalizing symptoms and outcome variables. For example, Crane and colleagues (2016)
found that a history of TBI with loss of consciousness was associated with development of
Parkinson’s disease and worsening of parkinsonian symptoms and greater numbers of Lewy
bodies, but it was not associated with dementia in general, Alzheimer’s disease in particular, or
the neuronal plaques and tangles often linked with Alzheimer’s disease.

Functional Independence and Global Outcomes



The ability of an individual to consistently and autonomously perform basic tasks
considered to be necessary for living is termed functional independence (Curzel et al., 2013), and
the degree to which functional independence in a person who has experienced TBI can be
demonstrated may depend on many factors, including: TBI severity, cognitive and motor
limitations, premorbid conditions, access to acute and rehabilitation care, return to employment,
age, race/ethnicity, sex, socioeconomic status (SES), and post-TBI social support and
engagement. A person’s capacity to perform activities of daily living (ADLS) such as feeding,
grooming, dressing, toileting, transferring, and mobility and instrumental activities of daily
living (IADLS) such as bill paying, cleaning, or preparing meals (Guo & Sapra, 2021) determines
how well they can function independently or in other words, how much assistance they require.
Ability to function independently in ADLs is associated with acute injury treatment variables
such as shorter duration of PTA and time on a ventilator (Sveen et al., 2016) but is also predicted
by physical manifestations of the TBI (e.g., motor function) as well as behavioral and memory
deficits (Tate & Broe, 1999).

Determination of a person’s ability to function independently can be a complex process,
and one of the most widely used instruments to assess it is the Functional Independence Measure
or FIM (Dodds et al., 1993). The FIM can be used to quantify how much assistance an individual
requires overall, and it can be used to delineate disability related to physical (motor) versus
cognitive origins (Linacre et al., 1994; Stineman et al., 1996) as well as to monitor change over
time (Linacre et al., 1994). In addition to the ADLs covered by the Motor subscale of the FIM,
the Cognitive subscale includes functionality in comprehension, expression, social interaction,
problem solving, and memory (Dodds et al., 1993). The FIM has a long history of use across

many different adult patient populations, treatment and research settings, and clinician types



(e.g., Curzel et al., 2013; Ottenbacher et al., 1996; Stineman et al., 1996). For example, the FIM
is frequently used in rehabilitation settings and upon discharge from hospital stays (Grey &
Kennedy, 1993; Ottenbacher et al., 1996; Prodinger et al., 2017), but it has also been used for
such diverse purposes as measuring the effects of the length of stay in intensive care units on
resultant disability (Curzel et al., 2013) and for controversial medical decision-making such as
whether or not to perform surgery on individuals with spinal cord injuries subsequent to gunshot
wounds (McCunniff et al., 2017). In individuals with TBI, the FIM has been supported through
adequate validity (Corrigan et al., 1997) and reliability (Bogner et al., 2017) and recommended
for use in patient assessment (Pedersen et al., 2018; Stubbs et al., 2014). Additionally, the FIM
has been used to measure disability and need for assistance in older adult populations (Ribeiro et
al., 2018).

While the FIM Motor and Cognitive subscales examine specific aspects of functionality
and may be used with a wide variety of patient populations, the Glasgow Outcome Scale-
Extended (GOS-E; Wilson et al., 1998) provides a global overview of ability (whether or not the
individual is actually engaged in the action) across consciousness, independence in and out of the
home, work, social and leisure participation, relationships with family and friends, and success in
returning to a normal life in individuals with brain injury (NDSC, 2021). The GOS-E has been
and continues to be used worldwide as a measure of global outcomes after TBI (e.g., Draper et
al., 2007; Stalnacke et al., 2019; Stenberg, et al., 2015) and is used in both clinical and research
settings (e.g., Bullock et al., 2002; von Steinbuechel et al., 2016). The GOS-E was designed with
a structured interview format to address reliability difficulties with the original Glasgow
Outcome Scale (Sander, 2002), and has largely achieved this goal, earning adequate reliability

and validity ratings (e.g., Bogner et al., 2017; Sander, 2002; Shukla et al., 2011; Wilson et al.,



1998; Wilson et al., 2000) and being better at detecting change than the Glasgow Outcome Scale
(Levin et al., 2001).

However, there has been discussion that the GOS-E does not adequately measure
impairment for lower severity levels of TBI (Ranson et al., 2019). While the GOS-E is
considered by some to be the gold standard for rating TBI impairment, others have touted
instruments like the Disability Rating Scale (DRS) as more successfully predicting long-term
functioning after TBI; however, the DRS and GOS-E have been found to be highly correlated
(Eilander et al., 2007; Wilson et al., 2000). The Functional Status Examination (FSE) has also
been put forward as a possible improvement on the GOS-E’s precision in detecting functional
abilities in milder TBI, but more research is needed to validate these findings in larger TBI
samples and across different TBI populations (Nelson et al., 2020). One solution to address
possible shortcomings of the GOS-E is to combine it with other assessment methods to better
capture the multidimensionality of recovery after TBI (Bullock et al., 2002; Nelson et al., 2017;
Shukla et al., 2011). As a result, in the current study the FIM Motor, FIM Cognitive, and GOS-E
will be used as indices of functional outcomes.

Demographics and Functional Outcomes after TBI

Age. Older adults tend to sustain less severe TBI than younger people, but they have
more disability post TBI and are more likely to have a change in where they live after discharge
from the hospital (Cuthbert et al., 2015). TBI severity and GCS score can predict function in
older adults at discharge from the hospital (Thompson et al., 2012), and level of functioning at
that time also predicts long-term functioning (Testa et al., 2005). However, greater age seems to
be a factor in poorer outcomes for older adults with TBI, as lower functional independence is

predicted by older age (Sendroy-Terrill et al., 2010; Utomo et al., 2009). Not only have older



adults shown lower functional independence ratings than younger adults at discharge from the
hospital (Marquez de la Plata et al., 2008; Mosenthal et al., 2004) and at six months post
discharge (Mosenthal et al., 2004) and more declines in ability five years post injury, but these
lower levels of functional independence have occurred despite lower injury ratings (Marquez de
la Plata et al., 2008). Older age has also been noted as a consideration in post-acute TBI
treatment decisions. Early, intensive, and continuous implementation of rehabilitation treatment
is more effective at improving long-term functional outcomes for those with severe TBI than
rehabilitation started in the subacute phase (Andelic et al., 2012; Godbolt et al., 2015; Shiel et al.,
2001). Discharge from the hospital to a specialized rehabilitation facility has been associated
with greater functional independence, and younger people are admitted directly to TBI
rehabilitation more frequently than older adults with TBI, despite equivocal injury severity levels
(Cuthbert et al., 2011; Sveen et al., 2016).

Sex and Partnered Status. Post-TBI deficits in communication abilities and cognitive
and behavioral changes can add to caregiving burden and reduce intimacy and mutuality between
spouses (Khan et al., 2003), with some studies showing divorce/separation rates near 50% within
the eight years following TBI (Wood & Yurdakul, 1997). Behavioral, emotional, and personality
changes seem to be more problematic than physical changes with regard to family caregiver
burden (Kreutzer et al., 1992). Depending on the severity of the TBI, its sequelae, and
rehabilitation course, older adults who return to their homes may need varying levels of support
from informal caregivers such as spouses or other relatives or friends. In the case of older adults
with TBI who are partnered, an older spouse may be called upon to provide any needed
assistance, which could further complicate recovery depending upon the partner’s own age- or

health-related limitations. Racial/ethnic minorities with TBI are less likely to be married
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(Vanderploeg et al., 2003); however, Arango-Lasprilla and colleagues (2008) found that
increased disability on admission (per the Disability Rating Scale) resulted in decreased marriage
instability.

Men with moderate to severe TBI have shown better global outcome trajectories over
time (Forslund et al., 2019). As women age, they are more likely to live alone, rising from more
than one-quarter of women aged 65-74 who live by themselves to over 55% of women aged 85
and older who are on their own (Mather et al., 2019). People who live alone are less likely to be
referred to specialized neurorehabilitation after TBI (Jourdan et al., 2012). Older adults who are
married when they sustain their TBI are more likely to remain in a stable marriage relationship at
two years post injury than younger adults, and women with TBI are more likely to be stably
married than are men with TBI across the first two years after TBI (Arango-Lasprilla et al.,
2008).

Racial/Ethnic Minority Status. Financial limitations for healthcare access are not the
only impediments for racial/ethnic minority individuals with TBI, as minorities may receive less
inpatient therapy and less referral to rehabilitation services than their White counterparts
(Arango-Lasprilla & Kreutzer, 2010; Asemota et al., 2013; Burnett et al., 2003; Cuthbert et al.,
2011; Mellick et al., 2003). Disparities may also be a consequence of reduced access to care, be
it due to language barriers, uninsured or underinsured status, transportation difficulties, lack of
referrals, or regional unavailability of specialized treatment centers (Arango-Lasprilla &
Kreutzer, 2010), with the result that racial/ethnic minorities have worse functional outcomes over
time than do Whites (Arango-Lasprilla et al., 2007a; Arango-Lasprilla et al., 2007b).
Additionally, personal and cultural experiences such as discrimination and mistrust of the

medical community may influence the willingness of racial/ethnic minority members to seek
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prompt medical attention and engage in rehabilitation activities (Boulware et al., 2003;
Casagrande et al., 2007).

Education. Within the last 5 decades, the level of educational attainment of older adults
has risen substantially; in 1965, approximately 5% of adults aged 65 and older had bachelor’s
degrees or higher, whereas in 2018 that number had climbed to 29% (Mather et al., 2019).
Educational attainment is an important consideration in older adults with TBI because higher
education levels have been linked to better physical and cognitive functioning in numerous
studies (e.g., Azouvi et al., 2016; Schonberger et al., 2011; Shumway-Cook et al., 2009).
Reasons for education’s protective effects have been theorized to include improved cognitive
reserve (Levi et al., 2013; Ponsford et al., 2008), greater compensatory capabilities, and a
lifestyle more conducive to better brain health (Mather & Scommegna, 2020). In studies
specifically examining function after TBI, education level effects have been mixed, with some
showing lower educational attainment to be related to poorer functional outcomes (Azouvi et al.,
2016; Connelly et al., 2006; Ponsford et al., 2008; & Schonberger et al., 2011) and others finding
that education does not significantly predict global outcome trajectories (Forslund et al., 2019).

Insurance. Most older adults in the U.S. have Medicare, but individual plans and
corresponding coverage, deductible, and co-pay amounts can differ vastly (CMS, 2021). Ina
study by Ashley and colleagues (2018), individuals with moderate-to-severe TBI who started
rehabilitation three months after the injury (the time period when the most natural recovery is
thought to take place) were still showing improvements after 180 days of rehabilitation
treatment. Older adults with TBI have slower rehabilitation times (Frankel et al., 2006), so more
time spent in rehabilitation may allow for further recovery (Hammond et al., 2019). Individuals

with TBI who are discharged from the hospital into a specialized rehabilitation facility have been
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shown to have more functional independence, but advanced age and payment source factor into
decisions regarding where patients go after they are discharged from the hospital (Cuthbert et al.,
2011). According to the Centers for Medicare and Medicaid Services, reimbursement for
inpatient rehabilitation facility stays is paid by a prospective payment system (PPS), paying fixed
amounts for health services rendered (CMS, 2021). After enactment of the PPS, the odds of
admission to inpatient rehabilitation facilities post TBI hospitalization decreased by 16%
(Hoffman et al., 2012).

According to a U.S. Census Bureau survey, the poverty rate for older adults in general is
about 9%, but it is markedly higher for older Latinos (17%) and African Americans (19%) than it
is for Whites (7%). These disparities can impact rehabilitation and recovery, as racial/ethnic
minority group members with TBI have less health insurance coverage (Shafi et al., 2007) and
age, sex, race/ethnicity, and payment source all influence decisions to discharge from acute care
to a rehabilitation center (Cuthbert et al., 2011). Conclusions differ as to whether individuals
with no insurance or public insurance are less likely (Asemota et al., 2013; Heffernan et al.,
2011; Hoffman et al., 2012; McQuiston et al., 2016) or equally likely to be discharged to a
rehabilitation facility; however, those who are uninsured have poorer long-term functional
outcomes (Shafi et al., 2007) and are more likely to die while hospitalized than individuals with
private insurance (Heffernan et al., 2011; McQuiston et al., 2016). Facilities which accept
Medicare payment may discharge patients with suboptimal functional independence because of
fixed reimbursement rates which may not cover actual rehabilitation costs (Hoffman et al.,
2003).

Employment. Employability after a TBI involves factors such as physical manifestations

of the TBI (e.g., motor function) as well as behavioral and memory deficits (Tate & Broe, 1999).
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Gary and colleagues (2009) found that age, disability status at hospital discharge, length of
hospitalization and rehabilitation, employment status before TBI, sex, education, partnered
status, and cause of TBI all predicted post-TBI employment. With people living longer, many
older adults are staying in the workforce beyond the traditional ages of retirement at 62 or 65.
The U.S. Bureau of Labor Statistics estimates that by 2024 one-quarter of American employees
will comprise adults aged 55 and older, with 13 million 65 and older and a labor force increase
of 86% for those 75 and older (Toossi & Torpey, 2017). Aside from obvious financial
implications for older workers, cognitive function remains higher for those who continue in the
workforce compared to those who stay retired (Lee et al., 2019). People who receive family
support post-TBI lessen their debility and increase their chances of returning to work, which in
turn raises their quality of life and their functional independence (Webb et al., 1995). Although
almost 50% of those who experience a TBI are retired, with only 3.2% of the group aged 80 and
above employed immediately before the TBI (Cuthbert et al., 2015), these numbers are likely to
change to reflect the increasing number of older adults who are gainfully employed into their 70s
and 80s. Older adults are more likely to have changes in their employment status post TBI and
therefore be less likely to be physically and financially independent one to two years post injury
(Testa et al., 2005). Racial/ethnic minorities have worse employment outcomes (steadily
competitively employed) over the five years post-TBI than do racial/ethnic majority members
(Arango-Lasprilla et al., 2010; Gary et al., 2009).

Social Participation. Social interactions may be limited post-TBI by cognitive,
functional, behavioral, socioemotional, or physical ramifications such as an inability or
unwillingness to take part in activities that involve people or places outside the family or home

like working, driving, attending social events, or engaging in hobbies. Reasons for narrowing
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social roles and interactions may be primary effects from the TBI which impair motivation or
ability to be with others (Tate et al., 1989) and psychosocial contributors such as behavioral
regulation and cognitive changes (Tate & Broe, 1999). Examples are feeling weak or fatigued,
having trouble communicating or concentrating, loss of interest in previously enjoyed activities,
fear of others’ reactions to them, and decreased access or opportunities to participate in social
activities (Khan et al., 2003). Some individuals may choose to self-isolate post TBI because they
may be aware of distressing or embarrassing changes in themselves in impulsivity, self-
centeredness, disinhibition, social skills, apathy (Khan et al., 2003), and speed (Nochi, 1998),
and they may then constrain their social participation to include only those within the immediate
social circle. However, if an individual is unaware of problematic changes in behavior after TBI,
they could be puzzled and frustrated by negative interactions with others and therefore limit their
social involvement. Individuals who have experienced a TBI often feel unnoticed and trapped by
the consequences they are experiencing after the TBI (Chamberlain, 2006). Members of
racial/ethnic minority groups have lower levels of social integration across living situations,
interaction with friends, and participation in leisure activities for at least one year after TBI
(Arango-Lasprilla et al., 2010). Reduced social participation is problematic because physical
recovery, mental health, and overall quality of life is better with continued engagement in social
roles (Bay et al., 2002; Juengst et al., 2015; McClean et al., 2016).

Pre-Existing Conditions. A wide variety of pre-existing health conditions have been
found to reduce the degree of functional recovery post TBI, especially in men and in older
women (Chan et al., 2020). Older age increases the risk of developing chronic illnesses, and over
half of older adults in the U.S. have at least one serious health condition such as arthritis,

diabetes, hypertension, or cardiovascular disease (CDC, 2020; He et al., 2018; NCO, 2021), or
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some type of disability (BLS, 2019) which may limit their ability to function (e.g., learning,
dressing, going out of the home, working) after experiencing a TBI (Dahdah et al., 2016).
Substance misuse has been linked to TBI as both a cause and an outcome, and systematic
reviews have found a history of alcohol or drug misuse in 1/3 to 2/3 of those with TBI (Corrigan,
1995; Parry-Jones et al., 2011; Kreutzer et al., 1991). Findings show generally worse outcomes
after TBI for those with a history of alcohol misuse prior to their TBI (Corrigan, 1995).
Additionally, those with co-occurring substance use disorders and mental health conditions have
a high incidence of incurring TBIs (McHugo et al., 2017), as do individuals who have had
treatment for psychological conditions (outpatient or inpatient) alone (Liao et al., 2012; Vassallo
et al., 2007). Individuals with a history of psychiatric treatment have higher risk for developing
PTSD and major depressive disorder (Stein et al., 2019) as well as anxiety and depressive
disorders (Scholten et al., 2016) after TBI.
Current Study

Although functional independence outcomes after TBI have been examined in various
studies (e.g., Seagly et al., 2018; Tate & Broe, 1999), research on the older adult population with
TBI has been relatively sparse. Lifespan is increasing worldwide (WHO, 2019), and as a result
the proportion and number of older adults is increasing steadily (Worldometer, 2020). Morbidity
and mortality rates are much higher for older adults after TBI than they are for younger adults
(Dams-O’Connor, 2013; Gardner et al., 2018), and older adults have worse recovery outcomes
even when injury severity is milder (Stocchetti et al., 2012; Susman et al., 2002). As the risk for
incurring a TBI increases with age (CDC, 2019b; Thompson et al., 2006), the greater number of
older adults alone makes examination of factors contributing to poorer functional independence

outcomes an important area of study. Older adults with TBI have a smaller chance of returning to
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independent living or employment after TBI (Cuthbert et al., 2015; Testa et al., 2005), and their
increased need for post TBI assistance could have serious repercussions for additional demands
imposed on healthcare systems, health insurance systems, local and national economies, and
family and social systems. With the higher risks and reduced outcomes for older adults with TBI,
it is important to understand what sociodemographic and injury severity characteristics predict
functional independence outcomes over time for this population in order to bring awareness of
factors which elevate risk and to mitigate those risks as much as possible and as early as
possible. As a result, the purpose of the current study is to examine sociodemographic and injury
characteristics as predictors of functional independence trajectories in older adults with TBI
across the 10 years after injury. Based on the previous literature, it is hypothesized that:

H1. There will be initial improvement in FIM Motor, FIM Cognitive, and GOS-E scores
with a plateau in improvement by the 2- or 5-year time points. Individuals with moderate-to-
severe TBI have shown improved functional outcomes over time but with a plateau effect at 3
months for FIM scores and at 12 months for GOS-E scores (Sandhaug et al., 2015). Given that
older adults recover more slowly from TBI (Frankel et al., 2006; Hammond et al., 2019), it is
hypothesized that this plateau will occur slightly later in the trajectory.

H2. Older age at the time of injury will be associated with lower functional independence
over time. Previous research has found that individuals who were younger at the time of injury
had better GOS-E trajectories over time (Forslund et al., 2017) and that lower functional
independence is predicted by older age (Sendroy-Terrill et al., 2010; Utomo et al., 2009).

H3. Individuals with sociodemographic risk factors, including: women, underrepresented

minorities, unpartnered individuals, and those with public insurance, lower educational levels,
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unemployed at time of injury, and with pre-existing health conditions, will have lower functional
independence trajectories after TBI.

Men with moderate to severe TBI have shown better global outcome trajectories over
time (Forslund et al., 2019). Individuals who live alone have been found to receive fewer
referrals to specialized rehabilitation (Jourdan et al., 2012), potentially impacting their degree of
functional independence recovery. A marital relationship can be protective against
physiologically harmful processes, especially in men (Wong & Waite, 2015).

Underrepresented racial/ethnic minority group members (e.g., Black, Hispanic, or Native
American vs. White or Asian) may experience disparities with regard to overall availability and
access to care (Arango-Lasprilla & Kreutzer, 2010; Asemota et al., 2013; Heffernan et al., 2011),
as do Blacks and Hispanics (Arango-Lasprilla et al., 2007a; Arango-Lasprilla et al., 2007b; Gary
et al., 2009) and non-Caucasians (Heffernan et al., 2011) in general.

Higher education levels are associated with better physical and cognitive functioning in
more studies than not (e.g., Azouvi et al., 2016; Forslund et al., 2019; Schonberger et al., 2011,
Shumway-Cook et al., 2009).

TBI may have long-lasting effects (CDC, 2015; CDC, 2019; APA, 2013), and recovery
may be prolonged. Because older adults tend to take longer to make rehabilitative progress
(Frankel et al., 2006), they may require more time in rehabilitation, but insufficient Medicare
reimbursement may prompt facilities to discharge individuals before they reach optimal
rehabilitative status (Hoffman et al., 2003).

In 2018, almost 25% of men and 16% of women 65 or older continued to be employed

(Mather et al., 2019). Being employed at the time of injury is a predictor of post-TBI
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employment (Gary et al., 2009) as well as lower disability trajectories over time (Forslund et al.,
2017).

The majority of older adults have at least one chronic condition (He et al., 2018), and
these pre-existing mental and/or physical health conditions may reduce functional independence
recovery post TBI (Chan et al., 2020).

H4. Individuals with more severe TBI (as measured by length of PTA) will have lower
functional independence over time. Longer PTA has been robustly shown to predict reduced
global outcomes over time (Forslund et al., 2017; Forslund et al., 2019).

Chapter 2: Method
Procedure

A request for permission to use public data from the TBIMS National Database to
conduct this study was submitted to the TBIMS National Data and Statistical Center and
approved. The current study conducted secondary analyses of data collected as part of the
TBIMS program. The TBIMS database is the largest longitudinal study of TBI in the world and
comprises data collected from 16 multidisciplinary rehabilitation medical centers and 3 follow-
up centers nationwide. TBIMS data collection began in 1987 and is ongoing. Currently, there is
information covering pre-injury, acute care, rehabilitation, and longitudinal outcomes on over
18,000 individuals with TBI in the TBIMS database. Data are collected via medical record
abstraction, data collection forms, examination of patients, and interviews with patients and
family members. Follow-up interviews are conducted by phone, in person, or by mail with the
patient or their proxy at years 1, 2, 5, 10, and every 5 years thereafter, although only data from

the first 10 years will be used for the current study. The U.S. Department of Health and Human
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Services funds the TBIMS program through the National Institute on Disability, Independent
Living, and Rehabilitation Research (NIDILRR) (MSKTC, 2020; NDSC, March 2017).
Participants

Criteria for inclusion in the TBIMS database are complicated mild or moderate-to-severe
TBI, admission to a TBIMS emergency department within 72 hours of sustaining the TBI, age of
at least 16 years, acute care and inpatient rehabilitation in the TBIMS hospitals, and informed
consent by patient, family member, or guardian. Adults aged 60 or older made up 20% of the
more than 16,500 TBIMS participants. Racial/ethnic minorities comprised 34% of TBIMS
participants (Black: 18%; Hispanic 11%; Asian 3%; Others 2%), 74% were male, mean length of
PTA was 23 days, and 36% of participants had their rehabilitation costs paid by Medicare or
Medicaid. Most participants lived with parents (22%) or a partner (40%), and 60% were
employed at the time they incurred the TBI. (TBIMS, 2018).

Data from participants in the TBIMS national database who sustained a TBI at age 60
and older and had at least one FIM Motor, FIM Cognitive, and GOS-E score at one follow-up
time point (data were collected at one year, two years, five years, and ten years post TBI) were
included in the present study. In the current sample, 2,459 older adults met these inclusion
criteria. At the time of injury the mean age of the current study sample was 71.67 years.
Racial/ethnic minorities comprised 23% of current sample participants (Black: 12%; Hispanic:
7%; Asian: 3%; Native American: 0.3%; Other: 1%), 63% were male, and 27% were employed
(45% were retired). The majority of sample participants sustained their TBI from a fall (64%).
Most sample participants were living with a spouse or significant other (58%) and did not have

private insurance (65.8%). The mean length of PTA for the current sample was 17 days, and
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most participants were discharged to a private residence after rehabilitation (73%).Demographic

data are presented in Table 1.
Table 1

Sample Characteristics

Characteristics (N = 2,459)
Age, M (SD) 71.67 (8.63)
Sex, n (%)

Male 1554 (63.2)

Female 905 (36.8)
Race/Ethnicity, n (%)

White/Asian/Pacific Islander 1980 (80.5)

Underrepresented Minority 454 (18.5)
Education, M (SD) 12.13 (3.67)
Relationship Status n (%)

Partnered 1387 (56.4)

Unpartnered 1071 (43.6)
Insurance

Private 836 (34)

Other 1607 (65.4)
Employment at Injury, n (%)

Competitively Employed 668 (27.2)

Not Employed 1620 (65.9)
History of Substance Use Disorder, n (%)

No 1913 (77.8)

Yes 386 (15.7)
Pre-TBI Health, n (%)

Limitations to Learning 280 (11.4)

Limitations to Dressing 111 (4.5)

Limitations to Working 255 (10.4)

Limitations to Going Out of the Home 214 (8.7)

History of Mental Iliness Treatment 292 (11.9)
Days in Posttraumatic Amnesia, M (SD) 1.32 (0.85)
Cause of TBI, n (%)

Fall 1581 (64.4)

Motor Vehicle Accident 571 (23.3)

Pedestrian 156 (6.4)

Violence 91 (3.6)

Other 60 (2.3)
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Residence after Rehabilitation, n (%)

Private Home 1778 (72.5)

Nursing Home 517 (21.1)

Adult Home 63 (2.6)

Hospital: Acute Care 54 (2.2)

Hospital: Rehabilitation 20 (0.8)

Other 22 (0.8)
Measures

Sociodemographic Characteristics

Age. Age was reported at the time of injury, and participants ranged from 60 years to
more than 89 years (data were not collected on specific age past age 89 for confidentiality
purposes, and those above age 89 were recoded as age 89).

Sex. Sex was reported as male or female at the time of injury.

Race/ethnicity. Race/ethnicity was dichotomized as White and Asian/Pacific Islander or
underrepresented minority (Black, Native American, Hispanic Origin, and Other).

Education. Level of education was noted in years from 0 to 19.

Partnered status. Participants were considered partnered if they were married or
cohabiting at the time of injury.

Insurance. Insurance was categorized as either private or other.

Employment status. Employment status was recorded for the month before injury, and
participants were considered employed if they were competitively employed, whether legally or
illegally.

Substance use. Participants were divided into those with a history of substance use

disorder and those without such a history.
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Pre-TBI Health. Participants’ physical and mental health pre-TBI was measured by
endorsement of limitations to learning, dressing, working, going out of the house, or by a history
of treatment for mental illness.

Injury Severity

Injury severity was measured by length of PTA. An individual was deemed to have
emerged from PTA on the first day when there were two consecutive days where scores were
greater than the cutoff with not more than two full days between measurements. If an individual
was discharged from acute rehabilitation while still in PTA, for the purposes of this study their
PTA score was coded as length of hospital stay (days) plus one, as is the convention in the
TBIMS database. When language function was restricted, PTA was determined by the judgment
of a qualified medical professional. Otherwise, it was determined by using one of the following
instruments and its corresponding cutoff score: Galveston Orientation and Amnesia Test
(GOAT) (Levin et al., 1979) scores greater than 75; revised GOAT scores greater than 11;
Orientation Log (O-Log) (Jackson et al., 1998) scores of 25 or greater; O-Log Non-Verbal
version scores of 8 or greater. TBI severity is classified as Mild if PTA is 0-1 day, Moderate if
PTA is 2-7 days, and Severe if PTA is greater than 7 days (Cho & Jang, 2021; O’Neil et al.,
2013).

Functional Independence

FIM. The FIM is an 18-item measure which rates an individual’s ability to function
independently across cognitive and motor domains. The 5 cognitive items assess functional
independence in comprehension, expression, social interaction, problem solving, and memory,
and the 13 motor items assessed are eating, grooming, bathing, dressing (upper and lower body),

toileting and bladder/bowel management, transfers between bed and chair and to toilet and
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shower, locomotion, and stair climbing. The items are scored on a 1-7 scale with a possible total
score range from 18 to 126. Higher scores indicate greater independent functioning on the task
associated with the item, and lower scores indicate greater need for assistance from another
person: values of 1 signify “needs total assistance” and values of 7 signify “has complete
independence.” The scores of the 13 Motor items are summed for the FIM Motor scores and the
5 Cognitive item scores are summed for the FIM Cognitive scores. The FIM total scores are the
sums of the FIM Cognitive and FIM Motor subscale scores, and FIM total scores at discharge
and at each followup timepoint are the scores used in the current study. Multiple studies have
demonstrated the reliability and validity of the FIM over many years (e.g., Stineman et al.,
1996), and in individuals with TBI, the FIM has been supported through adequate validity
(Corrigan et al., 1997) and reliability (Bogner et al., 2017) and recommended for use in patient
assessment (Pedersen et al., 2018; Stubbs et al., 2014). Additionally, the FIM has been used to
measure disability and need for assistance in older adult populations (Ribeiro et al., 2018).
GOS-E. The GOS-E uses a structured interview to assess functional capability in
individuals in 7 broad domains: consciousness, independence in and out of the home, work,
social and leisure life, family and friend relationships, and return to normal life activities.
Answers to the GOS-E interview are provided by the individual with TBI or another informant
or source to achieve the most accurate rating (Sander, 2001). Overall outcome ratings are based
on the response in the lowest outcome category: 1 = dead; 2 = vegetative state; 3 = lower severe
disability; 4 = upper severe disability; 5 = lower moderate disability; 6 = upper moderate
disability; 7 = lower good recovery; 8 = upper good recovery (Wilson et al., 1998). The GOS-E

Total scores will be used in the current study. The GOS-E has earned adequate validity and
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reliability ratings in multiple studies (e.g., Bogner et al., 2017; Sander, 2002; Shukla et al., 2011;
Wilson et al., 1998; Wilson et al., 2000).
Data Analyses

All analyses were conducted using IBM SPSS Statistics version 27. As over the 10-year
follow-up period many participants had missing data, Little’s missing completely at random
(MCAR) test was performed on the data, and full information maximum likelihood (FIML)
estimation was used to account for missing values, allowing retention of all participants meeting
inclusion criteria. Dichotomous variables were given a reference point of 0, and continuous
variables were centered around their means to reduce multicollinearity.

To examine trajectories of functional independence across the 10 years after TBI in older
adults, several series of hierarchical linear models (HLMs) were run, one series for each of the
three outcome variables. For each series, an unconditional growth model was run first with the
successive additions of time? and time® to determine whether linear, quadratic, or cubic time
models best depicted functional independence movement over time. -2 log likelihoods (-2LLs)
were calculated and compared for each model, with a drop of 3.84 chi-squared points reflecting a
statistically significant improvement over the previous model.

HLM was then used to examine baseline predictors of FIM Motor, FIM Cognitive, and
GOS-E trajectories among older adults across 1, 2, 5, and 10 years after TBI. Predictors were
entered simultaneously as fixed effects after being centered or given a reference point of 0, along
with time (and with time? or time? as applicable). Each main HLM determined whether linear
outcome trajectories across the four time points were predicted by baseline sociodemographic
and injury severity characteristics of: time (coded as 0 [1 year], 1 [2 years], 4 [5 years], and 9 [10

years]); age; sex (coded as 0 = female, 1 = male); race/ethnicity (coded as 0 =
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White/Asian/Pacific Islander, 1 = underrepresented minority); education level; relationship status
(coded as 0 = unpartnered, 1 = partnered); insurance type (coded as 0 = other, 1 = private);
employment status at time of injury (coded as 0 = not employed, 1 = employed); history of
substance use disorder (coded as 0 =no, 1 = yes); pre-TBI functional limitations in learning,
dressing, working, or going out of the home (coded as 0 = no limitations, 1 = limitations); history
of mental health treatment (coded as 0 = no, 1 = yes); and days in posttraumatic amnesia (PTA,
with discharge while still in PTA being recoded as the number of days in TBI care +1). In order
to test potential differential effects of the predictors over time (e.g., differences in slope as a
function of the predictor), follow-up HLMs included each of the previously significant predictors
from the first full model, time (and with time? or time® as applicable), and the interaction terms

between time terms and the previously significant predictor.

Results

Little’s MCAR Tests

Given that all three Little’s MCAR tests were statistically significant (FIM Motor: »? (28)
=166.21, p < .001; FIM Cognitive: y* (28) = 150.81, p < .001; and GOS-E: y? (28) = 201.49, p <
.001), reflecting differential attrition over time, FIML was used to account for missing data in the
trajectory analyses. For degree of missingness of FIM Motor, FIM Cognitive, and GOS-E scores
at follow-up time points, see Table 2.

Table 2

Percentage of Data Present at Each Follow-up Time Point

Data Present % Year 1 Year 2 Year 5 Year 10
FIM Motor 92.2 72.7 37.9 12.6
FIM Cognitive 92.9 73.6 38.4 12.9
GOS-E 91.1 78.4 50.3 20.9
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In order to avoid biasing figures by only graphing the outcome scores of participants with
data present, the expectation maximization algorithm was used to impute missing values that
then were used to calculate overall means to be presented in the figures.

FIM Motor

The -2LL of the initial model with linear time was 43,787.53; the -2LL of the model with
the addition of quadratic time was 43,787.53; and the -2LL of the model with the addition of
cubic time was 43,787.23. Each successive addition of a time product term did not result in a
-2LL decrease of more than 3.84 chi-square points from the previous models, which suggested
that linear (straight line) movement of FIM Motor trajectories was the best fit for the data.

In the main HLM, FIM Motor scores decreased over time. The unstandardized b-weights

and p-values for this HLM appear in Table 3.

Table 3

Fixed Effects

FIM Motor FIM Cog. GOS-E

Characteristics b-weight p-value b-weight p-value  b-weight  p-value
Intercept 80.24 <.001 30.77 <.001 5.86 <.001
Time -.79 <.001 -24 <.001 -.30 <.001
Time*Time -- -- - -- -.003 .882
Age -.36 <.001 -11 <.001 -.05 <.001
Sex .87 329 -17 574 -21 041
Race/Ethnicity -4.33 <.001 -1.07 .006 -44 .001
Education .34 .006 .16 <.001 .05 .001
Relationship Status .20 .816 .20 498 A4 .180
Insurance -.86 374 -30 371 -.06 .601
Employment at Time of Injury 2.76 .007 12 .041 .06 .637
History of Substance Use Disorder -21 .852 -21 589 .26 .045
Pre-TBI Health Limitations

Learning -2.76 .03 -2.70 <.001 =37 012

Dressing -6.37 .005 -1.08 .164 -.25 347
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Working -1.18 409 -44 377 -.45 .008

Going Out of Home -8.66 <.001 -2.14 <.001 =77 <.001
Mental Illness Treatment -.94 .382 -.25 504 -.04 .768
Days in Posttraumatic Amnesia -3.35 <.001 -1.51 <.001 -.39 <.001

Lower FIM Motor trajectories were seen among participants who had been older at
baseline (Figure 1); were members of an underrepresented racial/ethnic minority group (Figure
2); had lower educational attainment (Figure 3); had been unemployed at injury (Figure 4); had
pre-TBI functional limitations in learning (Figure 5), dressing (Figure 6), or going out of the
home (Figure 7); and had greater injury severity based on length of PTA (Figure 8).

Figure 1

Main Effect of Age on FIM Motor Trajectories
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Figure 2

Main Effect of Race/Ethnicity on FIM Motor Trajectories
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Figure 3

Main Effect of Education on FIM Motor Trajectories
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Figure 4

Main Effect of Employment at Injury on FIM Motor Trajectories
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Main Effect of Pre-TBI Limitations in Learning on FIM Motor Trajectories
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Figure 6

Main Effect of Pre-TBI Limitations in Dressing on FIM Motor Trajectories
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Figure 7

Main Effect of Pre-TBI Limitations in Going out of the Home on FIM Motor Trajectories
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Main Effect of Time in Posttraumatic Amnesia (PTA) on FIM Motor Trajectories
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Follow-up HLMs examined whether linear trajectories of FIM Motor could be predicted
by the previously significant predictors and their interactions with time (Table 4). There were

Table 4

Significant Interactions in Predictors over Time

Interaction Effects b-weight p-value
FIM Motor
Time * Age -.086 <.001
Time * Employment .703 <.001
Time * Pre-TBI Learning Limitations -.766 .010
FIM Cognitive
Time * Age -.027 <.001
Time * Employment .286 <.001
Time * Pre-TBI Limitations in Going Out of the Home -.245 .047
Time * Injury Severity .082 .008
GOS-E
Time * Time * Age .001 .002
Time * Time * Race/Ethnicity .016 .041
Time * Time * Pre-TBI Limitations in Working .049 .001
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Time * Time * Pre-TBI Limitations in Going Out of the Home .048 <.001

significant interactions for time*age, time*employment status at baseline, and time*pre-TBI
learning limitations, suggesting differential change over time in motor functional independence
as a function of these characteristics. The significant time*age interaction suggested that FIM
Motor scores decreased over time for all older adults with TBI, but the decrease was steeper for
those who had sustained their TBI at an older age (Figure 1). The significant time*employment
status interaction suggested that FIM Motor scores decreased over time for those who had been
employed at the time of injury as well as for those who had been unemployed at the time of
injury, with scores of those who had been employed decreasing at a slightly faster rate (Figure
4). However, the visual interaction effect in the figure was barely detectable so this interpretation
may be unreliable and will not be interpreted further. The significant time*pre-injury learning
limitations interaction suggested that FIM Motor scores decreased over time, with scores
decreasing at a slightly faster rate for those who had had no pre-TBI learning limitations (Figure
5).
FIM Cognitive

The -2LL of the initial model with linear time was 33,407.76; the -2LL of the model with
the addition of quadratic time was 33,407.73; and the -2LL of the model with the addition of
cubic time was 33,407.68. Each successive addition of a time product term did not result in a -
2LL decrease of more than 3.84 chi-square points from the previous models, which suggested
that linear (straight line) movement of FIM Cognitive trajectories was the best fit for the data.

In the main HLM, FIM Cognitive scores decreased over time. The unstandardized b-
weights and p-values for this HLM appear in Table 3. Lower FIM Cognitive trajectories were

seen among participants who had been older at baseline (Figure 9); were underrepresented
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minorities (Figure 10); had lower educational attainment (Figure 11); were unemployed at the
time of injury (Figure 12); had pre-TBI functional limitations in learning (Figure 13) or going
out of the home (Figure 14); or had longer length of PTA (Figure 15).

Figure 9

Main Effect of Age at Injury on FIM Cogpnitive Trajectories
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Main Effect of Race/Ethnicity on FIM Cognitive Trajectories
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Figure 11

Main Effect of Education on FIM Cognitive Trajectories
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Main Effect of Employment at Injury on FIM Cognitive Trajectories
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Figure 13

Main Effect of Pre-TBI Limitations in Learning on FIM Cognitive Trajectories
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Figure 14

Main Effect of Pre-TBI Limitations in Going out of the Home on FIM Cognitive Trajectories
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Main Effect of Days in PTA on FIM Cognitive Trajectories
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Follow-up HLMs examined whether linear trajectories of FIM Cognitive could be
predicted by the previously significant predictors and their interactions with time (Table 4).
There were significant interactions for time*age, time*employment status at baseline, time*pre-
TBI limitations in going out of the home, and time* PTA, suggesting a differential change over
time in functional cognitive independence as a function of these characteristics. The significant
time*age interaction suggested that FIM Cognitive scores decreased for all participants but
decreased at a faster rate for those who had sustained their TBI at an older age (Figure 9). The
significant time*employment interaction suggested that FIM Cognitive scores decreased over
time for those who had been employed at the time of injury and for those who had been
unemployed at the time of injury but decreased at a faster rate for those who had been
unemployed at the time of injury (Figure 12). The significant time*pre-TBI limitations in going
out of the home interaction suggested that FIM Cognitive scores decreased over time for all

participants but at a slightly faster rate for those who had had no pre-injury limitations in going
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out of the home (Figure 14). The significant time*injury severity interaction suggested that FIM
Cognitive scores decreased over time for all participants but at a slightly faster rate for those who
had less severe TBI (Figure 15).

GOS-E

The -2LL of the initial model with linear time was 25,454.53; the -2LL of the model with
the addition of quadratic time was 25,446.77; and the -2LL of the model with the addition of
cubic time was 25,446.66. The addition of a time product term to the initial model resulted in a
decrease of more than 3.84 chi-square points, but the addition of cubic time did not result in a
decrease of more than 3.84 chi-square points, which suggested that quadratic movement of GOS-
E trajectories was the best fit for the data.

In the main HLM, GOS-E scores decreased over time. The unstandardized b-weights and
p-values for this HLM appear in Table 3. Lower GOS-E trajectories were seen among
participants who had been older at baseline (Figure 16); were male (Figure 17); were
underrepresented minorities (Figure 18); had lower educational attainment (Figure 19); did not
have a history of substance use disorder (Figure 20); had pre-TBI functional limitations in
learning (Figure 21), working (Figure 22), or going out of the home (Figure 23); and had longer
PTA (Figure 24).

Figure 16

Main Effect of Age on GOS-E Trajectories
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Main Effect of Sex on GOS-E Trajectories
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Main Effect of Race/Ethnicity on GOS-E Trajectories
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Main Effect of Education on GOS-E Trajectories
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Figure 20

Main Effect of Substance Use History on GOS-E Trajectories
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Figure 21

Main Effect of Pre-TBI Limitations in Learning on GOS-E Trajectories
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Figure 22

Main Effect of Pre-TBI Limitations in Working on GOS-E Trajectories
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Main Effect of Pre-TBI Limitations in Going Out of the Home on GOS-E Trajectories
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Figure 24

Main Effect of PTA on GOS-E Trajectories
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Follow-up HLMs examined whether quadratic trajectories of GOS-E scores could be
predicted by the previously significant predictors and their interactions with time*time (Table 4).
There were significant interactions for time*time*age, time*time*race/ethnicity, time*time*pre-
TBI limitations in working, and time*time*pre-TBI limitations in going out of the home,
suggesting a differential change over time in global outcomes as a function of these
characteristics. The significant time*time*age interaction suggested that GOS-E scores
decreased for younger participants at a steady rate over time but decreased faster for older
participants across approximately the first three time points and then slowed the rate of decrease
between the third and fourth time point (Figure 16). The significant time*time*race/ethnicity
interaction suggested that GOS-E scores decreased over time for all participants but at a faster
rate for those who were not underrepresented minorities, with slower decreases for all
participants between the third and fourth time points (Figure 18). The significant time*time*pre-

TBI limitations in working interaction suggested that GOS-E scores decreased over time for all
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participants, with the steepest and steadiest decrease in those with no pre-TBI working
limitations and a faster rate of decrease in those with pre-TBI working limitations across the first
three time points, with the rate of decrease leveling out at the fourth time point (Figure 22). The
significant time*time*pre-TBI limitations in going out of the home interaction suggested that
GOS-E scores decreased at a steadier rate for those who had had no pre-TBI limitations in going
out of the home, while scores for those who had had pre-TBI limitations in going out of the
home decreased faster between the first three time points and then slowed until the decrease
evened out (no more decrease) as it approached Year 10 (Figure 23).
Discussion

Older adults have greater risk for TBI and lower rehabilitation outcomes after TBI
relative to individuals from many other age categories. Understanding contributors to the
reduced outcomes in this population is vital for potential interventions to mitigate these risk
factors as much as possible. Therefore, the aim of the current study was to examine the roles of
sociodemographic and injury severity characteristics as predictors of functional independence
trajectories across the first 10 years after TBI in adults who experienced TBI at age 60 or older.
The main HLM analyses showed that functional independence (as measured by FIM Motor, FIM
Cognitive, and GOS-E) trajectories generally decreased over the 10 years after TBI. Individuals
with several sociodemographic risk factors (i.e., older age, male, underrepresented minority
membership, lower education, unemployed at time of injury, no history of substance use
disorder, and difficulties with learning, dressing, and going out of the home prior to the TBI),
and longer time in PTA had lower functional independence trajectories for at least one of the
functional independence measures. FIM Motor, FIM Cognitive, and GOS-E trajectories were

significantly predicted by interactions between time terms and age, and FIM Cognitive and GOS-
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E trajectories were significantly predicted by time terms and employment at baseline. FIM Motor
trajectories were also significantly predicted by the interaction of time and pre-TBI learning
limitations. FIM Cognitive trajectories were also significantly predicted by interactions between
time and pre-TBI limitations in going out of the home and by time and injury severity. Finally,
GOS-E trajectories were also significantly predicted by interactions between time and
race/ethnicity, time and pre-TBI limitations in working, and time and pre-injury limitations in
going out of the home.

Hypothesis 1

The hypothesis that functional independence would initially increase and then plateau
was not supported. Instead, functional independence scores decreased steadily over time across
the overall sample. Scores on FIM Motor, FIM Cognitive, and GOS-E had steeper declines for
those who had sustained their TBI at an older age (Figures 1, 9, and 16), with GOS-E score rate
decreases slowing between years 5 and 10 post-TBI.

Previous research in the general population with TBI has found that FIM scores improve
from time of injury to 3 months and GOS-E scores show improvement up until 12 months
(Sandhaug et al., 2015), but that greater time post injury predicts decreased physical and
cognitive functioning (Sendroy-Terrill et al., 2010), more in line with the current findings and
perhaps particularly so as the current study’s older adults may have had accentuated functional
declines based on advancing age. Studies have shown that more than half of individuals with TBI
get worse or stay the same in the first 5 years of recovery, and a little over a quarter of
individuals show improvement during that time (CDC, 2021). A study of functional
independence in TBI survivors who were younger at injury (mean age 30 years) found that the

majority showed no changes between 5 and 15 years post injury (Hammond et al., 2021), and a

48



study by Lu and colleagues (2018) found that most of their younger sample (aged 16-55) had
improved FIM Motor and FIM Cognitive trajectories in the 5 years after TBI when measured at 3
months, 1 year, and 5 years, with the most improvement shown between the 3 month and 1 year
time points. The limited work with older adults has found that although recovery is significantly
slower for older adults than for younger adults with TBI (Frankel et al., 2006), there is general
improvement in FIM motor and cognitive scores in the acute rehabilitation period (Hammond et
al., 2019). In the current study, it is likely that rehabilitation gains occurred during the first year,
but the data were not granular enough to identify the uptick in functioning. Similar to other long-
term study results (e.g., Sendroy-Terrill, 2010), age-related declines in functional independence
characterized all three outcomes in the current study, either in a linear movement (FIM) or
quadratic curvilinear movement (GOS-E).
Hypothesis 2

The hypothesis that older age at time of injury would be associated with lower functional
independence over time was supported with a main effect of age on all three outcome trajectories
(Figures 1, 9, and 16). Further, although functional independence in both FIM Motor and FIM
Cognitive scores declined for all participants, independence declined at a faster pace for those
who had sustained their TBI at an older age. Likewise, GOS-E scores also decreased over time
for both younger and older groups, but the decline in functional independence was faster for the
older group for approximately the first 5 years after TBI with a slower rate of decrease from
years 5 to 10. These results are similar to previous research in the general population with TBI
which has found that greater age at injury predicts lower functional independence trajectories
(Forslund et al., 2017; Howrey et al., 2017) and declines in functional independence (Sendroy-

Terrill et al., 2010) and with older adult studies showing increased age associated with lower
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odds of living independently (Utomo et al., 2009) and less functional improvement with age
(Hammond et al., 2019).

There are several possible explanations for the finding of overall lower trajectories of
functional independence in older adults as well as declines over time. One possibility is related to
increased physical disability associated with aging independent of sequelae brought about by
TBI. Disability rates increase as age increases (BLS, 2019), and most older adults have at least
one chronic condition (He et al., 2018), so lower function with increased age could be reflective
of increasing co-occurring age-related illnesses and disabilities.

Another possible reason for lower and decreasing functional independence with greater
age is decreased social participation. Social involvement after TBI may be constrained because
of primary effects such as impaired motivation or ability to be with other people or changes in
behavioral regulation and cognition (Tate et al., 1989; Tate & Broe, 1999). In the course of
development, older adults already tend to condense the size of their social networks as they age
(English & Carstensen, 2014), and while this may be adaptive for promoting emotional
wellbeing prior to TBI, it is possible that the additional narrowing of the social network brought
about by TBI may severely restrict availability of resources after TBI. Continued engagement in
social roles is vital for physical recovery, mental health, and overall quality of life (Bay et al.,
2002; Juengst et al., 2015; McClean et al., 2016), and reductions in social participation may
adversely affect functional independence in older adults after TBI.

Life expectancies have increased dramatically in the last two centuries, with average
worldwide life expectancy in 1800 less than 40 years, and average life expectancy in the U.S. in
2019 being 79 years (Roser et al., 2019). But even with the number and proportion of older

adults steadily rising for years (Statista, 2020a), attitudes toward older adults have been slow to
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change. Stereotypical portrayals of older adults as being inept, unappealing, feeble, and burdens
on social systems abound, including in healthcare settings (Wyman et al., 2018). While evidence
of ageism in general settings is upsetting, in health care settings ageist beliefs can have serious
implications for health outcomes (Chang et al., 2020), such as discrimination in the form of
trivialization of symptoms, infantilizing and condescending communications (Vale et al., 2020),
and even underordering diagnostic evaluations and treatments (Madan et al., 2006). For example,
though greater functional independence outcomes have been achieved when individuals with
TBI are discharged from the hospital to a specialized rehabilitation facility, older adults are
admitted directly to these facilities less frequently than younger adults, even when injury severity
is equivocal (Cuthbert et al., 2011; Sveen et al., 2016). Additionally, when older adults perceive
that they have been the subjects of age discrimination and have internalized ageist beliefs,
functional impairment and mortality rates are higher (Moser et al., 2011; Ng et al., 2016; Sutin et
al., 2015).
Hypothesis 3

The hypothesis that individuals with sociodemographic risk factors would have lower
functional independence trajectories after TBI was partially supported. The current study
examined the effects of sex, race/ethnicity, partnered status at injury, insurance type at injury,
education, employment status at injury, and pre-existing functional limitations on functional
independence over the 10 years after injury with FIM Motor, FIM Cognitive, and GOS-E
measures. Individuals who were members of an underrepresented racial/ethnic minority group
(Figures 2, 10, and 18), had lower educational attainment (Figures 3, 11, and 19), had pre-TBI
limitations in learning (Figures 5, 13, and 21), and had pre-TBI limitations in going out of the

home (Figures 7, 14, and 23) showed lower functional independence trajectories across all three
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outcome measures. Additionally, individuals who had pre-TBI functional limitations in dressing
showed lower FIM Motor trajectories (Figure 6); individuals who were unemployed at the time
of injury showed lower FIM Cognitive trajectories (Figure 12); and males (Figure 17),
individuals who did not have a history of substance use disorder (Figure 20), and individuals
who had had pre-TBI limitations in working (Figure 22) showed lower GOS-E trajectories. No
significant effects on functional independence trajectories were found for partnered status or
insurance type.

The hypothesized functional independence trajectory for women being lower than men
was not supported. However, FIM Motor and FIM Cognitive functional independence
trajectories for sex were not significantly different, and the GOS-E trajectories, though
significantly lower for men, were very close (Figure 17). The literature regarding sex as a factor
in functional independence after TBI is not definitive, as men have higher TBI-related death
rates (Daugherty, 2019), but better global outcome trajectories over time (Forslund et al., 2019).
Women have shown have reduced 6- and 12-month outcomes (including lower GOS-E scores)
than men after mild TBI (Levin et al., 2021), and women over age 65 have been found to have
worse outcomes than same-age men (Mikoli et al., 2021). It is likely that our findings actually
support the growing view that more research needs to be done on sex-specific differences in TBI
functional outcomes (Gupte et al., 2019).

In the current study, FIM Motor and FIM Cognitive trajectories for those who had a
history of substance use and those who did not have such a history were not significantly
different. However, we found that GOS-E trajectories for those who did not have a history of
substance use were lower than for those who did (Figure 20). This was unexpected, and it is

contrary to previous literature which has found generally worse outcomes for those with a history
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of pre-injury substance misuse prior to their TBI (Corrigan, 1995; Weil et al., 2018; Willemse-
van Son et al., 2007). It may be possible that individuals who had received treatment for their
substance use disorder may have learned life skills and developed resilience which enabled them
to cope better with health challenges, though future research should investigate this
interpretation.

Members of underrepresented minority groups had lower functional independence
trajectories across all three measures (Figures 2, 10, and 18). This is consistent with literature
which documents that underrepresented racial/ethnic minorities have worse functional outcomes
over time than do Whites (Arango-Lasprilla et al., 2007a; Arango-Lasprilla et al., 2007b). This
may be a result of not having equal access to care, whether through barriers such as language
difficulties, uninsured or underinsured status (Shafi et al., 2007), mistrust of the medical
community (Boulware et al., 2003; Casagrande et al., 2007), or receiving less inpatient therapy
and fewer referrals to rehabilitation services (Arango-Lasprilla & Kreutzer, 2010; Asemota et al.,
2013; Burnett et al., 2003; Cuthbert et al., 2011; Mellick et al., 2003). Racial/ethnic minorities
with TBI are less likely to be married (Vanderploeg et al., 2003), and marriage can be a
protective factor against adverse physiological conditions (Wong & Waite, 2015). Minorities
also have less steady competitive employment after TBI than racial/ethnic majority members
(Arango-Lasprilla et al., 2010; Gary et al., 2009). While underrepresented racial/ethnic
minorities did have lower functional independence trajectories, only GOS-E scores showed a
significant interaction with time, with functional independence decreasing over time at a faster
rate for those who were not underrepresented minorities. The rate of decline slowed for all
participants between 5 and 10 years (Figure 18). This interaction with time may well be a

demonstration of the regression toward the mean phenomenon.
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Educational attainment levels showed main effects on functional independence across all
three outcome measures, with individuals of lower educational attainment having lower
functional independence trajectories. This is consistent with literature which has found that
higher education levels are associated with better physical and cognitive functioning (e.g.,
Azouvi et al., 2016; Schonberger et al., 2011; Shumway-Cook et al., 2009). It is still somewhat
unclear why higher education should be associated with better functional outcomes, especially
with some studies finding that education level itself does not predict global outcome trajectories
(Forslund et al., 2019) after TBI. Proposed theories for the education—improved outcomes
association include development of better cognitive reserve and compensatory ability
(Giovacchini et al., 2019; Levi et al., 2013; Ponsford et al., 2008; Wilson et al., 2019), as well as
healthier lifestyles and access to healthcare (Fletcher & Frisvold, 2009; Mather & Scommegna,
2020; Wang et al., 2013).

Individuals who had been unemployed at injury had lower FIM Motor and FIM
Cognitive trajectories (Figures 4 and 12). This finding is consistent with other studies which
have found that employment at injury predicts employment after TBI (Gary et al., 2009) and
lower disability (Willemse-van Son et al., 2007). Further, FIM Cognitive scores decreased at a
slightly faster pace for those who had been unemployed at the time of injury (Figure 12). The
FIM Cogpnitive finding is consistent with previous literature which found that being employed at
time of injury predicts higher functional trajectories over time (Forslund et al., 2017) and that
cognitive function is higher for older adults who stay in the workforce compared to those who
remain retired (Lee et al., 2019).

Individuals with pre-TBI health limitations in learning (Figures 5, 13, and 21) and going

out of the home (Figures 7, 14, and 23) had lower functional independence trajectories across all
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three outcome measures. Those with pre-injury limitations in dressing had lower FIM motor
trajectories (Figure 6), and those with limitations in working had lower GOS-E trajectories
(Figure 22). Pre-TBI limitations to performance of ADLs such as dressing may be indicative of
overall poorer pre-TBI functioning, and it is therefore not unexpected to see this trend continue
after TBI. Pre-TBI learning limitations showed a significant effect over time only for FIM Motor
scores, as those who had had no pre-injury learning limitations showed a slightly faster rate of
decline over 10 years than those who had pre-injury learning limitations (Figure 5). The slightly
steeper rate of decline may be more representative of the decline in motor functioning which
would typically be associated with aging, as individuals who had had pre-TBI learning
limitations showed 1 year follow-up scores which were lower than the 10-year scores of those
who had had no pre-injury limitations in learning. FIM Cognitive scores for those with pre-TBI
limitations in going out of the home decreased at a slightly slower rate than for those with no
such limitations (Figure 14), but GOS-E scores for those with limitations in going out of the
home prior to their TBI decreased faster across the first three time points, with the rate of
decrease slowing between years 5 and 10 until the decrease leveled out as it approached year 10
(Figure 23). It may be that as GOS-E includes both motor and cognitive indices, the FIM
Cognitive scale was picking up the most prevalent area of decline, possibly more noticeable for
those with fewer limitations on going out of the home at injury. GOS-E trajectories decreased
more quickly across the first 5 years for those with pre-TBI working limitations, with the rate of
decrease leveling out at 10 years post-TBI (Figure 22). Similar to findings related to employment
at injury, these findings may be reflective of higher functional trajectories over time (Forslund et
al., 2017) for those who had been employed at injury.

Hypothesis 4
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The hypothesis that individuals with more severe TBI would have lower functional
independence over time was supported. Individuals who had greater injury severity had lower
functional independence across all three outcome trajectories (Figures 8, 15, and 24). This is
consistent with studies showing longer time in PTA predicts reduced global outcomes over time
(Forslund et al., 2017; Forslund et al., 2019). Additionally, FIM Cognitive scores decreased over
time at a slightly faster rate for those with less severe TBI (Figure 15). This may be associated
with more noticeable age-related declines over time when TBI-related debilities are not
subsuming age-related declines.

Clinical Implications for Older Adults with TBI

The growing number and proportion of older adults makes it likely that clinicians will see
more cases of TBI in this population, especially for those aged 80 years and older (CDC, 2019b;
Vespa et al., 2020). As morbidity and mortality rates are highest for older adults compared to
other age groups (Dams-O’Connor, 2013; Gardner et al., 2018), awareness of risk factors for
reduced post-TBI outcomes in this group is the first critical step for treatment planning. In older
adults with TBI, it is important for health care professionals to note increased risk for
comparatively poorer outcomes associated with increased age, underrepresented minority status,
lower educational attainment, being unemployed at injury, pre-TBI health comorbidities, and
greater number of days in PTA. Knowing that older adults face higher morbidity and mortality
after TBI, identification of the above risk factors should be a priority at intake, with subsequent
implementation of treatment regimens specific to older adults. For example, physical and
psychological interventions should take into consideration pre-TBI limitations (e.g., health

comorbidities, decreased social networks, effects of ageism) and the possibility that formal
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rehabilitation programs may need to be intensified, broader in scope, and longer in duration than
is typical when basing treatment plans on standards established for younger people with TBI.

As some sociodemographic risk factors do not lend themselves to being addressed post-
TBI (e.g., age, employment status at time of injury, and educational attainment), more efforts
should be geared toward educating older adults about the increased risks associated with
incurring TBI in older adulthood. Concerted educational endeavors on ways to offset these risk
factors such as maintaining social engagement, reducing fall risks, adopting lifestyle habits that
support better physical and mental health, and engaging in meaningful work may help older
adults to exert control over mitigation of some of the risk factors associated with reduced
outcomes after TBI.

Examination of factors predicting trajectories of functional independence in older adults
provides important information not only for areas of intervention but also for timing of potential
interventions to mitigate dysfunction and to promote greater recovery, which in turn can reduce
cost burdens on healthcare systems, health insurance systems, local and national economies, and
family and social systems.

Limitations and Future Directions

The current study has several limitations which should be considered when interpreting
its findings, and as a result, directions for future research. When conducting a longitudinal study
over 10 years and limiting the sample to adults aged 60 and older with complex medical
histories, it is understandable that there would be a number of participants who would be lost to
follow up due to illness or death. Participants who are underrepresented minorities, have lower
socioeconomic status, a history of substance use, or injury caused by violence are those who are

most often lost to follow-up in the 2 years post TBI (Corrigan et al., 2003). In order to retain
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sufficient data for analysis at the 5- and 10-year time points and not only include participants
with complete data (and therefore healthier participants), advanced statistical methods (FIML
and expectation maximization) were used to account for or estimate missing values. As attrition
was fairly high at follow-up years 5 and 10, it is likely that analyses included data which was
estimated for individuals who were deceased at one or more time points, especially since
missingness reached approximately 87% for FIM scores at year 10. Therefore, point estimates
further out should be interpreted with caution. As additional data are compiled over the next few
years, this study should be replicated to validate these results with data having lower missingness
rates for the later time points.

Although the TBIMS database contains a wide array of variables, there were limitations
to the information available at the time of this study. For example, Form | (baseline) of the
TBIMS database had no comprehensive index of either cognition or mental health, and
participating TBIMS sites only recently started adding data regarding many of the pre-existing
health conditions common in older adults, such as congestive heart failure, diabetes, and
disordered sleep. As these may be important considerations when examining functional
outcomes after TBI in older adults, pre-injury functional limitations to learning, dressing, going
out of the home, and working, and substance use history and treatment for mental health
conditions were used as proxies for pre-injury physical and mental health status. When sufficient
data on comorbidities common in older adults, formal indices of mental health and cognition,
and health contributors such as sleep patterns at the time of injury become more available,
functional outcomes in older adults with TBI should be reexamined to confirm our findings with

consideration of those variables.
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As the current study’s sample was limited to participants who were part of the TBIMS
database, it is possible that these results are not generalizable to the general population of older
adults with TBI. Studies have found that the proportion of older adults admitted to rehabilitation
nationally is higher than the proportion of older adults included in the TBIMS system, injury
severity is greater for those in TBIMS hospitals, and insurance types differ for those in the
TBIMS system versus not (Corrigan et al., 2007; 2012; Cuthbert et al., 2012). Possible
contributors to these differences could include limitations related to availability and accessibility,
whether due to geographic, socioeconomic, or discriminatory factors. It will be important for
future studies to consider these differences when generalizing findings to the general population.

Although the hypothesis regarding the trajectory of improvement in functional
independence after TBI was not supported, using multi-year epochs for the follow-up time points
may have been too wide a span to detect patterns of improvement between time of discharge and
year 1, the time between year 1 and year 2, etc. Future studies should examine recovery
trajectories in smaller time intervals in order to discover any potential differences in functional
independence outcomes in older adults after TBI than those found in the current study.

Similarly, as scores for the outcome measures (FIM Motor, FIM Cognitive, and GOS-E)
were total scores, it is difficult to distinguish which items were responsible for decreased
functional independence trajectories. For example, within the FIM Motor total score, participants
may have been able to accomplish one or more of the tasks (e.g., eating, dressing, etc.)
independently while requiring assistance in other items (e.g., toileting, locomotion, etc.). Using
aggregate scores makes it impossible to differentiate exactly which constructs constitute deficits
and strengths. Additionally, as some of the variables represented within the total scores may be

unlikely to change, results may be biased when looking at change over time.
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As development of several serious illnesses such as Parkinson’s disease, Alzheimer’s
disease, schizophrenia, and depression (Gardner et al., 2015; Ikonomovic et al., 2017; Jean-Bay,
2000; & Molloy et al., 2011) have been linked to TBI, tracking the relationship between these
conditions and functional independence outcomes over time could be particularly informative in
differentiating rehabilitation trajectories and treatment planning. Likewise, it is possible that
participants in this study may have already been experiencing these and other chronic conditions
so that decreased trajectories may have in fact been due to the effects of these conditions and not
the TBI.

Conclusion

Many studies have shown that older adults with TBI have reduced rehabilitation
outcomes compared to younger people, and the current study showed that this trend holds true
throughout the older adult lifespan, with increasing age being a significant factor in predicting
reduced long-term outcome trajectories. Moreover, in addition to increased age, this study
identified several other risk factors for reduced functional independence in older adults with TBI,
specifically: male; Black, Hispanic, Native American, or Other (not White, Asian, or Pacific
Islander); lower educational attainment; unemployed at time of injury; no history of substance
use; difficulties with learning, dressing, and going out of the home prior to the TBI; and longer
time in PTA. Additionally, FIM Motor, FIM Cognitive, and GOS-E trajectories were
significantly predicted by interactions between time terms and a number of other demographic
and injury-severity variables. The significant predictors of long-term functional independence
trajectories in older adults with TBI identified in this study may serve individuals with TBI and

care providers by heightening awareness of the need for attention to these factors in treatment
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planning and long-term health monitoring and ultimately as a way to decrease morbidity and

mortality in this older adult population.
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