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Statement of David Kracke in Support of SB 420 

January 23, 2023 

My name is David Kracke and I am Oregon’s Brain Injury Advocate Coordinator 

charged with improving the lives of Oregon’s brain injury survivors, a goal that we 

can all agree is important. One of the most significant acts that this body could take 

in furtherance of that goal is to pass SB 420. 

Oregon is recognized as a national leader when it comes to brain injury policy. We 

led the nation in 2009 with Max’s law, the nation’s first enacted youth sport’s 

concussion law, continued with Jenna’s law in 2013, and then again in 2020 with HB 

4140, which will provide immediate academic accommodations to our concussed 

students upon their return to school. 

With that being said, however, Oregon is failing to provide Brain Injury Resource 

Navigation. We are one of only eleven states that does not have a Brain Injury 

Resource Navigation program despite the fact that Brain Injury Resource Navigation 

is an evidence-based best practice for our brain injury survivors, enhancing the 

survivor’s quality of life while realizing significant cost savings to the state. 

Research shows that brain injury is disproportionately prevalent among 

underserved populations including individuals experiencing homelessness, 

veterans, those with mental and behavioral health concerns, victims of intimate 

partner violence, and those involved in the justice system. SB420 increases 

supports for these vulnerable populations who often face significant barriers and 

issues to accessing needed care. For more details on prevalence rates in these 

populations please see pages 46-87 in the attached exhibit packet. 

A robust Brain Injury Resource Navigation program will require effort to implement, 

and luckily we are up to the task. We have the advantage of learning from other 

state’s examples, we have access to some of the nation’s leading experts for 

consultation purposes, and we have further evidence of the incredible benefits that 

Brain Injury Resource Navigation brings. 

While the concept of Brain Injury Resource Navigation is simple, provide access to 

person-centered supports and services for Oregon’s brain injury survivors, it is 

important to address the details that create the foundation of a robust Brain Injury 

Resource Navigation program. To explain some of those details, I have created an 

exhibit packet that is being submitted with this statement. 
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Within that exhibit packet you will find the following: 

• First-hand accounts from Brain Injury survivors expressing how their lives

would have been improved if they had had access to Brain Injury Resource

Navigation;

• Preliminary results from a 2021 - 2022 Center on Brain Injury Research and

Training (CBIRT) Survey indicating significant gaps in access to person-

centered supports and services in Oregon;

• An OHSU healthcare economic analysis identifying significant cost savings to

the state associated with Brain Injury Resource Navigation; and

• Evidence-based studies demonstrating:

o The benefits of Brain Injury Resource Navigation

o The prevalence of brain injury in individuals experiencing

homelessness, veterans, those with mental and behavioral health

concerns, and victims of intimate partner violence

o The significant reduction in recidivism rates among brain injured

inmates who receive Brain Injury Resource Navigation post-release

In addition to the written materials presented here, you will also hear direct 

testimony from a few of Oregon’s brain injury survivors as they recount their 

personal experiences in this area. 

For these reasons and more, I urge you to please support SB 420. Thank you. 

David Kracke  

Oregon’s Brain Injury Advocate Coordinator 

dkracke@cbirt.org; Phone: 503-887-7297;  

Center on Brain Injury Research and Training, University of Oregon. 
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Why we need Resource Navigation
After brain injury, most of the focus is on medical, physical, and emotional 
healing. Survivors’ and families’ needs and desires go well beyond 
medical care, but we often do not know our legal rights, what can be 
made available to us, or how to find providers who understand brain injury.

• Legal Representation
• Transportation
• Support Groups
• Volunteering
• Life Skills Development
• Assistive Technology
• Many Other Services

• Employment
• Education
• Medical Services
• Social Services
• Mental Health
• Housing
• SSI and SSDI

“I know I can do this job if you just let me come in only 5 hours a week.”

My physical therapist sent me to a support group for teenagers. I only learned about adult 
support groups through a flyer. I was later referred to a Certified Rehabilitation Counselor. 

The counselor helped me apply for para-transit, which restored my ability to travel independently. 
Learning about transportation options sooner through a Resource Navigator would have freed my
family from driving me to medical appointments during their workday.

Resource Navigators bridge the gaps for people who need accommodations but are unsure whether
they could qualify and may lack resources or knowledge of how to secure them on their own.

Who can benefit from Resource Navigation
My name is Cheryl. I now work full-time and advocate for people with 
disabilities through media arts and community service.

My recovery could have been smoother if I had had more information. 
My Master’s in Speech-Language Pathology helped me in many ways, 
but I’d had over two decades of sports concussions and mild TBIs. After 
a serious bike wreck in 2010 when I was 35, my self-awareness was too 
impaired for me to know I should or even could get help. My doctor 
did not refer me to rehab until a speech therapist approached me and 
recommended I ask for a referral.

I tried to return to work, but supervisors offered support without an 
accommodation plan, which was inadequate. After taking medical leave, 
I resigned in shame. A Resource Navigator could have supported me to
recognize my needs were outside the reasonable range.
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Dani lost her friends and her ability to play the sports she loved 
after waking from a coma with substantial cognitive and physical 
impairments. She was suspended and expelled repeatedly from 
multiple high schools for her behavior after the brain injury.
She barely graduated after seven years and continues to struggle 
to find life direction. A Resource Navigator may have been able to
steer her toward information and support in such varied areas as 
dealing with trauma, connecting to other peers, adaptive sports, 
and advocating for more behavior supports in school.

“I tried to kill myself a few times, a lotta times actually. I walked in roads late at night. 
I overdosed a few times. I cut myself and hit my head against the walls.
I heard if I had any big impact to my head, I could instantly die.”

Dani has held only one job as an adult and is housing insecure. A Resource Navigator has
the knowledge to assist people with disabilities to find appropriate housing, social supports, 
positive outlets for expressing oneself, and creating a plan for education and employment goals.

Brandon went from straight As to failing after a severe TBI. Although 
given an accommodation plan, his supports were not adequate for his 
impairment level. He did not recognize his legal right to address this.
A Resource Navigator could have assisted him to discuss
accommodations with his college or help him realize that taking one 
more year off could have benefited him in working toward his degree.

“At Multnomah Bible College, I feel like there probably 
could’ve been more interaction with me on a personal level. 
I got an F because they didn’t teach it to me correctly.”

Brandon was in a supported living facility for several years. He now lives independently in his own 
apartment but would have preferred to move out sooner. 
A Resource Navigator might have helped him and his family manage his finances and search for
housing with in-home supports to encourage independence sooner. He has become frustrated being 
a long-term volunteer at a bakery and is only now beginning to seek paid employment more than a 
decade after his injury.
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Oregon Brain Injury Services and
Supports Survey

Initial Findings
This data reflects the first 122 participants to complete the survey (51 stakeholders & 71 providers). 

We are continuing to collect data and will provide updated results when the study is complete. 

No
39.3%

Yes
35.7%

Not Enough
21.4%

3.6%

57% 40%

61% 55%

This survey was conducted by the Center on Brain Injury Research and Training with funding from the Administration for
Community  Living's Traumatic Brain Injury State Partnership Program to gauge the state of services and supports for 

Oregonians with brain injury.

Persons with Brain Injury

Have you received the Case
Management service(s) you

need?

What has kept you from the service(s) you need?

I was not aware of the services
I don’t understand the process to get

services

What could improve how you get the services and supports you
need?

Having someone to turn to for support and
to ask questions of, even years after my

injury.

Having one person to help coordinate
my services and supports.

Yes
35.7%

Yes, but not enough
21.4%

No
39.3%

Unsure
3.6%
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Is there anything else you would like to share about
your experience getting the services you need or

needed?

Is there anything else you would like to share about
how your services are coordinated?

I had to be my own
case manager for a long

time and it's nearly
impossible when you
have a brain injury.

It was really hard.  I had
to ask and ask and ask
for help and services.
Nothing was offered. 

I spent 2 years at over 500 appointments 
and over 40 practitioners and today, I am in

Illinois, Chicago area, receiving medical attention
that could not or would not be available to me in
Oregon. That is how bad it is in Oregon. I had to
leave to get more cohesive TBI care. Oh, I’m still

an Oregon resident. I’m living in a residential hotel
while here for months. It is driving public services
costs up, unemployment, homelessness, not to

mention broken families and lives, on top of
personal debt, and for some, death. 

I did not receive any case
management services. No
one ever suggested such
although I asked. I didn’t

know how.

I do it all myself! I wish 
I had a case manager who
managed it all. However I
have several, and they do

not communicate with each
other. 

What
coordination? 

I didn't know this
was an option.

I didn't know case
managers were

available. 

Resources, medical providers,
prescription sites, knowledge, are all

so detached and disparate that
navigating it all is like assault and

battery to a Person with TBI. Clearly
I’m disgusted by the experience and
humiliation, so I’m sharing in hopes

that you can make a difference. 
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Service Providers

40%
Indicate an unmet need

for case management for
individuals with brain

injury in their community

55%
Perceive challenges in care

coordination and
navigating siloed systems

of care as a barrier to
providing services to

individuals with brain injury

In your opinion, what are the
biggest challenges for clients with

brain injuries in obtaining the
services they need?

58%

52%

45%

Client difficulty in
understanding the

process to get services

Client unaware of services

Providers unaware
of additional brain

injury services

How well coordinated are brain
injury services and supports in

your region?

0 10 20 30 40

Extremely well 

Very well 

Moderately well 

Slightly well 

Not well at all 

Unsure of Coordination 

56%
Indicate client access to a

single, long term case
manager to help

coordinate their services
and supports could

improve care coordination
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Is there anything else you would like to share about
barriers to services for clients with brain injury?

Is there anything else you would like to share about
how services are coordinated for clients with brain

injury?

For adults who are typically independent
 and who are living alone, TBI and disruption 

of executive functioning cause significant
issues accessing and coordinating care.  A

nurse navigator or someone like that to help
organize and help patients attend

appointments and follow through with
recommendations would help them

tremendously.  Children often have parent
advocates to help them. 

Many adults do not. 

Too many systems
interacting with these

patients, the patient's need
for services or level of

impact is not as obvious,
creating many frustrations

for patients.

We have seen people shuffled from one
place to another without the ability to

properly address the brain injury and its
implications. Often the client themselves
are frustrated with or don't understand

the process and so compliance with
recommended treatment is low.
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Cost Savings to the State of Oregon due to Resource
Facilitation for Individuals with Traumatic Brain

Injury

Stephan Lindner, Ph.D.
June 10, 2020

Introduction

This report examines potential cost savings to the state of Oregon if it implemented
a state-wide brain injury resource facilitation program to support people with brain
injury, including traumatic brain injury (TBI), and their families. In this context,
resource facilitation is a system where trained navigators provide critical information
concerning available services and supports to brain injury survivors and their family
members.

Most calculations are based on program data for Iowa assembled by Geoffrey Lauer,
Chief Executive Officer of the Brain Injury Alliance of Iowa. Iowa has an established
resource facilitation program in place, which currently serves about 1,000 people per
year. Oregon’s population is 35 percent higher (Iowa: 3.1 million; Oregon: 4.2 million)
implying that a similar program could enroll about 1,350 people with TBI annually.

I focus on four sources of cost savings that resource facilitation can create: savings due
to (i) a shift from institutionalized care to home- and community-based services, (ii)
a reduction in psychiatric inpatient stays, (iii) a reduction in the number of people
enrolled in Medicaid, and (iv) a reduction in the number of people in jail. While
high-quality, peer-review evidence on most of these channels is currently lacking,
calculations using Iowa’s program data and plausible assumptions suggest significant
potential for resource facilitation to reduce state expenditures. Specifically, estimated
annual savings are:

• Shift towards home- and community-based services: $267,799 annually.

• Avoidance of psychiatric inpatient stays: $70,000 annually.

• Reduction in the number of Medicaid enrollees: $18,935 annually.

• Reduction in the number of people in jail: $20,250 annually.

Longer-term cost savings could be of a magnitude higher. For instance, the 10-
year discounted cost savings for a scenario where enrollment gradually increases to
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1,350 program participants within five years of program initiation are estimated to be
$3,600,916 under the assumption that annual cost savings per person with TBI do not
extend over several years. Assuming further that costs savings for people with TBI
who switch to home- and community-based services because of resource facilitation
extend to an average of 10 years, would yield to even higher cost savings: the 10-year
discounted costs savings for the same gradual enrollment scenario are estimated to
be $13,987,407 in this case.

Source #1: Shift from institutionalized care to home- and com-
munity-based services (HCBS)

Context: People who require medical services provided in an institutional setting
may alternatively receive home- and community-based services (HCBS). Providing
home-and community-based services instead of institutional care has the potential of
delivering substantial cost savings to the state: HCBS waivers are required to be cost
neutral (i.e., not to exceed the state estimated expenditures for comparable levels of
institutional care), and states that had non-institutional care programs experienced
lower spending growth than states that did not have such programs in place (Kaye
et al., 2009; Kitchener et al., 2006). However, not all people who could receive HCBS
may know about this option. Resource facilitation has the potential to increase the
number of people with TBI on HCBS by providing information and guidance.

Potential cost savings per person: There exists little evidence regarding po-
tential cost savings due to HCBS. The most comprehensive study calculated aver-
age waiver and institutional costs by state and reported a potential cost savings of
$164,193 per person and year for Oregon (Harrington et al., 2011). I estimate that the
state of Oregon pays about 23.3 percent of average Medicaid costs (see Appendix for
details), which implies that the state could save $38,257 annually per person switching
from institutional care to HCBS.

Potential number of people affected: To my best knowledge, there are no stud-
ies examining the effect of resource facilitation on the number of people receiving
HCBS. Iowa program data suggests that resource facilitation could avoid 7 institu-
tional care cases per 1,000 people served.

Potential overall cost savings: Resources facilitation would reduce state expen-
ditures by $267,799 annually under these assumptions.
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Source #2: Psychiatric inpatient stays avoidance

Context: An analysis provided by the Oregon State Hospital showed that 188 out
of 3,206 patients served at the hospital between January 1, 2016 and May 8, 2019,
or 5.9 percent, had TBI as a primary diagnosis. This includes patients with a new
TBI diagnosis and patients who were previously diagnosed with TBI. Resource facil-
itation could lower the number of people with TBI admitted to the state hospital by
facilitating better care or better care coordination.

Potential cost savings per case: The average hospital expenses per inpatient day
was $4,062 in Oregon in 2017.1 A recent article in the Oregonian reported inpatient
costs in the amount of $1,324 per day and patient, but did not mention whether these
are costs to the state or overall costs.2 In what follows, I conservatively assume that
an inpatient stay costs the state on average $1,000 per day and patient.

Potential number of avoided cases: To my best knowledge, there are no stud-
ies examining the effect of resource facilitation on psychiatric inpatient stays. Iowa
program data suggests that resource facilitation could avoid 7 stays per 1,000 people
served, with each stay being on average 10 days long.

Potential overall cost savings: Resource facilitation could reduce state expendi-
tures by a total of $70,000 annually under these assumptions.

Source #3: Reduction in the number of people enrolled in Med-
icaid

Context: Oregon currently covers about 850,000 people through its Medicaid pro-
gram.3 The state expanded its program with the Patient Protection and Affordable
Care Act in 2014. Since then, all adults with income below 138 percent of the poverty
level are eligible for Medicaid. Currently, 94 percent of Oregonians are insured.4 Peo-
ple with TBI who were previously not enrolled in Medicaid might enroll in the program
because they are unable to find work after their injury. Resource facilitation could
support re-employment and therefore could reduce the number of people with TBI
enrolled in Medicaid.
1 https://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day-by-ownership/
2 https://www.oregonlive.com/pacific-northwest-news/2019/05/oregon-mental-hospital-is-worlds-

most-expensive-homeless-shelter-state-health-director-says.html
3 https://www.medicaid.gov/medicaid/program-information/medicaid-and-chip-enrollment-data/

report-highlights/index.html
4 Author’s calculations using the American Community Survey.
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Potential cost savings per case: Average Medicaid expenditures for people with
disabilities were $16,252 in Oregon in 2014.5 Using this number as a proxy for Medi-
caid costs for people with TBI, and assuming an average state matching rate of 23.3
percent (own calculations; see Appendix for details), implies that the state pays on
average $3,787 per Medicaid beneficiary with TBI.

Potential number of people affected: There exists clear evidence from peer-
reviewed journal articles that resource facilitation has a positive effect on employment.
In two randomized control trials taking place in Indiana, Trexler and colleagues have
shown that resource facilitation increases employment rates of people with TBI by
about 25 percent – a substantial program effect (Trexler et al., 2010, 2016).

Assuming that people with TBI are equally likely to be on Medicaid compared to the
general population implies that 200 out of 1,000 cases of people with TBI are enrolled
in Medicaid. Of these, 50 would be able to find a job due to resource facilitation if
the employment effect of resource facilitation was 25 percent. Assuming further that
one in five of them leave the program due to having found employment implies that
10 out of 1,000 people with TBI served by resource facilitation would leave Medicaid
rolls due to employment.

Resource facilitation could also increase enrollment in Medicaid by encouraging some
people with TBI to enroll in the program. In 2017, about 6 percent of people living
in Oregon reported not having insurance.6 Of these, 35 percent had an income below
138 percent of the poverty level. Applying the same numbers to people with TBI
implies that about 20 out of 1,000 cases do not have insurance and could qualify
for Medicaid based on their income. Assuming further that the program caused 25
percent of them to gain insurance implies that 5 people per 1,000 cases gain Medicaid
insurance through resource facilitation.

Taken together, the net decrease in Medicaid enrollment due to resource facilitation
is estimated to be 5 per year.

Potential cost savings: Resource facilitation would reduce state expenditures by
$18,935 annually under these assumptions.

Source #4: Reduction in the number of people in jail

Context: Incarcerated people have a much higher prevalence of traumatic brain
injuries (Farrer and Hedges, 2011; Slaughter et al., 2003; CDC, 2007). Resource
facilitation could lower jail rates among people with TBI by providing resources and
support.
5 Conversation with Geoffrey Lauer and https://www.kff.org/medicaid/state-indicator/medicaid-

spending-per-enrollee/
6 Author’s calculations using the American Community Survey.
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Potential costs savings per avoided jail stay: I assume that jail stays cost the
state $45 per person and day. This number is conservatively based on a study that
reports costs of $85 per jail day for Kansas.7

Potential number of jail days avoided: Iowa program data suggests that re-
source facilitation avoids 18 jail stays, with an average length of 25 days.

Potential cost savings: Resource facilitation could reduce state expenditures by
$20,250 annually under these assumptions.

Long-term cost savings

In this section, I report estimated cumulative 10-year savings per 1,000 people served
by resource facilitation, as well as estimated 10-year cumulative savings under a sce-
nario where program participation first increases before reaching a stable level. Table
1 shows total cumulative cost savings across all cost savings domains by scenario
and year, and Table 2 shows cumulative discounted cost savings for the scenario with
gradual enrollment and each of the cost savings domains. Discounted cumulative cost
savings express future savings as present value using a discount rate, assumed to be
4 percent annually.

Table 1: Total cumulative cost savings by year
Scenario: per 1,000 enrollees Scenario: gradual enrollment increase
Cumulative Cumulative Cumulative Cumulative

Year undiscounted discounted Enrollment undiscounted discounted

1 376,984 376,984 500 188,492 188,492
2 753,968 739,469 800 490,079 478,480
3 1,130,952 1,088,012 1,000 867,063 827,023
4 1,507,936 1,423,149 1,200 1,319,444 1,229,187
5 1,884,920 1,745,396 1,350 1,828,372 1,664,222
6 2,261,904 2,055,250 1,350 2,337,301 2,082,524
7 2,638,888 2,353,186 1,350 2,846,229 2,484,737
8 3,015,872 2,639,663 1,350 3,355,158 2,871,481
9 3,392,856 2,915,121 1,350 3,864,086 3,243,350
10 3,769,840 3,179,985 1,350 4,373,014 3,600,916

Total annual cost savings across all four domains described above is estimated to be
$376,984. Cumulative 10-year cost savings if 1,000 people were served each year thus
7 https://storage.googleapis.com/vera-web-assets/downloads/Publications/the-price-of-jails-

measuring-the-taxpayer-cost-of-local-incarceration/legacy_downloads/price-of-jails-summary.
pdf
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Table 2: Cumulative cost savings by domain and year
Year HCBS Inpatient stays Medicaid disenrollment Jail avoidance

1 133,900 35,000 9,468 10,125
2 339,899 88,846 24,033 25,702
3 587,494 153,565 41,539 44,424
4 873,181 228,241 61,739 66,027
5 1,182,217 309,020 83,590 89,395
6 1,479,367 386,692 104,600 111,864
7 1,765,089 461,377 124,802 133,470
8 2,039,821 533,189 144,228 154,244
9 2,303,986 602,239 162,906 174,219
10 2,557,991 668,634 180,865 193,426

amount to $3,769,840. The corresponding discounted cumulative 10-year cost savings
are $3,179,985. In a scenario where enrollment in resource facilitation starts at a lower
level, increases during the first program years, and then reaches a plateau comparable
of that found in Iowa (taking differences in population into account), cumulative
10-year cost savings are estimated to be $4,373,014 (undiscounted) and $3,600,916
(discounted), respectively. Cost savings due to a shift from institutionalized care to
HCBS account for more than two-thirds of the total cost savings, followed by cost
savings due to a reduction in inpatient stays, jail avoidance and, finally, Medicaid
disenrollment.

The calculations thus far assume that resource facilitation only reduces costs during
the year it is provided to people with TBI. This assumption seems not very realistic
for some of the domains. Specifically, patients who switch to HCBS instead of using
institutionalized care due to resource facilitation likely remain in HCBS for several
years. As a result, the initial resource facilitation leads to further cost savings for the
same patient during subsequent years.

As an alternative scenario, I assume that cost savings from HCBS extend to an av-
erage of 10 years. Under this assumption, cost savings from resource facilitation
increase dramatically over time (Tables 3 and 4). The 10-year cumulative cost sav-
ings are estimated to be $13,907,945 (1,000 people served each year, undiscounted),
$11,182,550 (1,000 people served each year, discounted), $17,609,936 (gradually roll-
out, undiscounted), and $13,987,407 (gradually roll-out, discounted). The Appendix
describes these calculations in further detail.
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Table 3: Total cumulative cost savings by year, longer HCBS stays
Scenario: per 1,000 enrollees Scenario: gradual enrollment increase
Cumulative Cumulative Cumulative Cumulative

Year undiscounted discounted Enrollment undiscounted discounted

1 376,984 376,984 500 188,492 188,492
2 1,021,767 996,968 800 704,318 684,479
3 1,934,349 1,840,701 1,000 1,616,900 1,528,212
4 3,076,473 2,856,045 1,200 2,987,449 2,746,625
5 4,448,139 4,028,551 1,350 4,839,198 4,329,508
6 6,011,090 5,313,183 1,350 6,949,182 6,063,761
7 7,765,326 6,699,581 1,350 9,317,401 7,935,399
8 9,672,590 8,148,945 1,350 11,892,207 9,892,040
9 11,732,882 9,654,380 1,350 14,673,601 11,924,377
10 13,907,945 11,182,550 1,350 17,609,936 13,987,407

Table 4: Cumulative cost savings by domain and year, longer HCBS stays
Year HCBS Inpatient stays Medicaid disenrollment Jail avoidance

1 133,900 35,000 9,468 10,125
2 545,898 88,846 24,033 25,702
3 1,288,684 153,565 41,539 44,424
4 2,390,618 228,241 61,739 66,027
5 3,847,503 309,020 83,590 89,395
6 5,460,604 386,692 104,600 111,864
7 7,215,750 461,377 124,802 133,470
8 9,060,379 533,189 144,228 154,244
9 10,985,013 602,239 162,906 174,219
10 12,944,482 668,634 180,865 193,426
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Conclusions

The calculations presented here suggest potentially substantial cost savings of a brain
injury resource facilitation program in Oregon. Most of these cost savings would come
from redirecting people with TBI away from high-cost services to lower-cost services.

There are a number of reasons why actual cost savings might differ from the ones
presented here. Brain injury resource facilitation may yield other possible cost savings
or revenue increases to the state that are not included in this report, such as an
increase in the income tax or a reduction in prison stays. Conversely, brain injury
resource facilitation could increase program utilization, which in turn could imply
higher costs to the state. Finally, most calculations presented in this report are based
on program data from Iowa, and these might not translate exactly to Oregon.

The cost savings calculations presented here do not include all benefits of a brain
injury resource facilitation program. For instance, better return to work prospects
may lead to better social relationships. Similarly, brain injury resource facilitation
could improve care for chronic conditions or lower homelessness rates, which could
increase quality of life among people with TBI. Such benefits of brain injury resource
facilitation often go hand in hand with cost reductions, if, for instance, better care
coordination implies fewer visits to hospitals, but in some instances, they may imply
higher costs through higher service utilization.

Stephan Linder, PhD, is a Research Assistant Professor at the Center for Health
System Effectiveness (CHSE), Oregon Health Sciences University, Portland, OR. Dr.
Lindner is a health and labor economist who evaluates the effectiveness of health
policy programs and policies. Oregon’s Administration for Community Living TBI
Partnership grant - 90TBSG0039 - supported this work.
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Appendix

There are three federal matching rates relevant for Oregon’s Medicaid program:8

• The traditional matching rate: The rate is 61.23 percent in Oregon for the 2020
fiscal year.9

• The newly-eligible matching rate: The federal matching rate is 90 percent start-
ing 2020.

• The Children’s Health Insurance Program (CHIP) matching rate: The rate is
84.36 percent in Oregon for the fiscal year.10

The number of newly eligible Medicaid recipients due to the ACA was estimated to
be about 550,000 when 964,000 people were enrolled in the program in 2018.11 KFF
reported that about 850,000 people were enrolled in Medicaid in February 2019, and
about 125,000 children enrolled in CHIP, for a total of about 975,000.12 Based on these
numbers, it is reasonable to assume that about half of the adult Medicaid population
in Oregon is enrolled through the ACA. This implies the following fractions: 43.6
percent traditional Medicaid enrollees; 43.6 percent newly eligible Medicaid enrollees;
and 12.8 percent CHIP enrollees. Applying the matching rates to these fractions
implies a weighted average matching rate of 0.767 (0.436 · 0.6123+0.436 · 0.9+0.128 ·
0.8436 = 0.767), which in turn implies that the state of Oregon pays 23.3 percent of
Medicaid and CHIP expenditures.

I assume that for a cohort of 7 people with TBI who switch to HCBS because of
resource facilitation:

• One person stays on the program for three years;

• One person stays on the program for six years;

• One person stays on the program for eight years;

• One person stays on the program for 10 years;

• One person stays on the program for 12 years;
8 https://www.kff.org/medicaid/issue-brief/understanding-how-states-access-the-aca-enhanced-

medicaid-match-rates/
9 https://www.kff.org/medicaid/issue-brief/understanding-how-states-access-the-aca-enhanced-

medicaid-match-rates/
10 https://www.kff.org/other/state-indicator/enhanced-federal-matching-rate-chip/
11 https://www.healthinsurance.org/oregon-medicaid/
12 https://www.medicaid.gov/medicaid/program-information/medicaid-and-chip-enrollment-data/

report-highlights/index.html
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• One person stays on the program for 14 years; and

• One person stays on the program for 17 years.

The average HCBS program duration is thus 10 years. I further assume that these
people would not have switched to HCBS in the absence of resource facilitation during
the 10-year period.

Based on these assumptions, the number of people with TBI who switched to HCBS
due to resource facilitation is:

• 7 during the first program year;

• 14 during the second program year;

• 21 during the third program year;

• 27 during the fourth program year;

• 33 during the fifth program year;

• 38 during the sixth program year;

• 43 during the seventh program year;

• 47 during the eighth program year;

• 51 during the ninth program year;

• 54 during the tenth program year.

The results shown in Tables 3 and 4 then follow from using these numbers for HCBS
cost savings.
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Abstract.
BACKGROUND: Resource Facilitation (RF) is an intervention developed to improve return to work (RTW) following brain
injury. RF is an individualized treatment specializing in connecting patients and caregivers with community-based resources
and services to mitigate barriers to return to work.
OBJECTIVES: Examine the effectiveness of the RHI RF program for a clinical prospective cohort of participants referred
to this program from the State Vocational Rehabilitation agency.
METHODS: Participants were 243 participants with data drawn from the two sources: 33 from previous randomized
controlled trial (RCT) control groups who did not receive RF and 210 from clinical patients discharged from the RHI RF
program.
RESULTS: At discharge from RF, a greater proportion of the treatment group obtained employment than the control group
[X2

(1) = 5.39, p = 0.018]. When controlling for baseline level of disability, treatment group significantly predicted employment
outcome (Wald = 4.52, p = 0.033) and participants in the treatment group were 2.3 times more likely to return to work than
controls.
CONCLUSIONS: Previous RCTs have studied the RHI RF model and demonstrated significant efficacy. The findings from
the present study are consistent with the employment rates found in the previous RCT’s following RF, and also provide initial
support for the clinical effectiveness of RF.

Keywords: Brain injuries, return to work, employment, rehabilitation, vocational

1. Return to work (RTW) after acquired
brain injury (ABI)

Return to work after brain injury has always been
regarded as a critical outcome metric in research, yet
established continuums of rehabilitation services typ-
ically do not extend through vocational placement
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of Medicine, 9531 Valparaiso Court, Indianapolis, IN 46268,
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and follow-up. When vocational services do exist,
they are often a) not brain injury specialized or b) inte-
grated into an existing continuum of services, which
typically results in people not receiving vocational
rehabilitation services, or if they do, it is many years
post-injury. In addition to the brain injury specific
barriers to RTW, these system barriers compromise
vocational outcome.

A variety of studies have demonstrated that
approximately 30–40% of people with ABI
ultimately return to work. A systematic review
(Van Velzen, Van Bennekom, Edekaar, Sluiter, &
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Frings-Dresen, 2009) found that 40.8% of those
with traumatic brain injury (TBI) and 39.3% with
non-TBI returned to work. Inclusion criteria in this
review included a) the subjects were working prior to
their injury, b) were aged 18–65 years, and c) return
to work was an outcome measure. Their review
was based on a sample of 49 studies that met all of
the inclusion criteria. It should be noted however
that this study did not separate outcomes based on
severity of injury.

A more recent study was completed using pop-
ulation estimates from the Traumatic Brain Injury
Model Systems National Database (TBIMS-NDB)
(Cuthbert et al., 2015). In this study, the investiga-
tors culled 3121 subjects from the database which
were weighted to obtain population estimates to
match the US TBI rehabilitation population based
on both the Uniform Data System for Medical
Rehabilitation (UDS, 2012) and the American Med-
ical Rehabilitation Providers Association, eRehab
(American Medical Rehabilitation Providers Associ-
ation, 2012). Their sample was based on inclusion
criteria that included less than 60 at the age of
injury, not retired at injury, and alive two years post-
injury. These investigators found that 39.6% were
employed, which included paid legal or illegal work,
with or without accommodations. Of these 39.6%
that were able to RTW, 65% of them were employed
full time.

A number of studies have found that severity of
brain injury has a significant impact on return to work.
For example, in 2002, Groswasser et al. found that
84% of subjects with mild TBI were able to RTW,
and in another study of mild TBI, 78% were able to
RTW (Hanlon et al., 1999). Dikmen and colleagues
(Dikmen, Temkin, Machamer, Holubkov, Fraser, &
Winn 1994) found that 37 percent of subjects with
severe traumatic brain injury (TBI) had returned to
work, 64 percent with moderate TBI, and 83 percent
of mild TBI returned to work at two years post-injury.

Even these findings may however over-estimate
rates of RTW for moderate and severe brain injury.
Certainly not all people who need inpatient rehabil-
itation receive these services, and consequently, are
not included into the TBIMS database. Individuals
who are seen in their State Vocational Rehabilitation
agency are typically many years post-injury, did not
have access to specialized brain injury rehabilitation
services, have developed multiple co-morbidities,
have lost vocational skills and networks, in addition to
presenting with persisting cognitive and neurobehav-
ioral disabilities (often among others), making return

to work a certain challenge. For example, Schopp,
Johnstone, Unger, & Goldman (2003) found that only
18 percent of State Vocational Rehabilitation clients
with TBI were successfully placed.

2. Barriers to RTW after acquired brain
injury

Vocational rehabilitation of people with brain
injury represents a significant challenge from all per-
spectives. Barriers to RTW span across individual
and family variables, as well as social, environmen-
tal, and system/organizational domains. It is for these
reasons that an effective approach to RTW following
brain injury will not be a “medical” or a “vocational”
model, but rather one that is capable of responding to
the unique and individualized constellation of barri-
ers, and the interactions that each case presents.

Critical individual barriers include neurobehav-
ioral impairments (e.g., disinhibition, impulsivity,
decreased initiation) or cognitive impairments (e.g.,
impaired goal setting or task monitoring, mem-
ory, attention) that are ubiquitous following ABI
and can significantly affect job performance and
adjustment in the workplace (Dikmen et al., 1994).
Medical consequences of brain injury (e.g., posttrau-
matic seizures) or co-morbidities (e.g., depression
or substance abuse) also represent barriers to RTW
or work stability. Level of behavioral adjustment
post-injury affect family adjustment (Kreutzer, Mar-
witz, & Kepler, 1992), which in turn influence
recovery and adaptation. Further, changes in social
roles typically result in increased emotional and eco-
nomic burden for family members, making it even
more difficult to sustain family advocacy and emo-
tional engagement, as well as support for the family
member with the brain injury (Kolakowsky-Hayner
& Kishore, 1999; Kreutzer, Gervasio, & Camplair,
1994).

Social barriers include lack of reimbursement for
services and the absence of brain injury expertise
among the host of providers involved in the vocational
rehabilitation of people with brain injury. Multiple
providers (e.g., employment services and cognitive
rehabilitation) do not typically collaborate, compro-
mising the potential effectiveness of each of their
interventions. Awareness of State agency resources is
typically lacking, and access to these resources can
be cumbersome and overwhelming. Further, States do
not typically have an organized State plan for brain
injury, resulting in service silos within and between
State agencies with resulting service gaps.
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Complicating the vocational rehabilitation process
even more is the fact that, at least in moderate to
severe TBI, most people will have chronic disabil-
ity that is variable in type and severity over time
(Corrigan & Hammond, 2013). In fact, the severity
of TBI disability has been found to vary more often
that it remains static in long-term follow-up studies.
Further, the individual and social-environmental vari-
ables dynamically interact with each other, where, for
example, a loss of a significant relationship can result
in depression that, in turn, results in further impair-
ment of memory, which then results in impaired
vocational performance. On the other hand, suc-
cessful cognitive rehabilitation may result in new
compensatory strategies, that when integrated into the
work setting, with improvement in self-efficacy, and
then a better response to psychotherapy for depres-
sion. Again, brain injury vocational rehabilitation is
neither medical nor vocational; it is of necessity an
individualized process of eliminating or mitigating
brain injury-specific and other barriers with a holistic
scope.

3. Models of vocational rehabilitation
for acquired brain injury

A systematic review of the literature on differ-
ent types of vocational rehabilitation for people with
ABI (Fadyl & McPherson, 2009) demonstrated that
there have been essentially three different approaches
that included a supported employment (SE) model,
a “Program-based vocational rehabilitation model”
often referred to as a comprehensive day treatment
program (CDT) model, and a “vocational case coor-
dination (VCC)” model. The development of SE for
people with brain injury was a significant contri-
bution to improving vocational outcome (Wehman
et al., 1989; Wehman, Bricout, & Targett, 2000;
Wehman et al., 2003). Wehman and colleagues mod-
ified the individual placement model for people with
brain injury and there was a clear emphasis on indi-
vidualized training at the work site through a job
coach rather than through pre-placement training and
intervention. In contrast, the CDT program provided
individual and group treatment for cognitive, neu-
robehavioral, and psychological difficulties driven by
a neuropsychological approach (Ben-Yishay, Silver,
Piasetsky, & Rattock, 1987; Prigatano et al., 1994).
These programs were typically provided services four
or five days a week for approximately six months and
included family education and training, as well as

vocational trials, placement and follow-up. The first
two studies on “vocational case coordination,” the
third approach, were completed by Malec and col-
leagues (Malec, Buffington, Moessner, & Degiorgio,
2000; Malec & Moessner, 2006). This approach fea-
tures an individualized approach to promoting access
to vocationally-related needs and ensuring integra-
tion of services to impact on vocational skills and
workplace adaptation. The overall structure of these
different models from Fadyl and McPherson (2009)
are provided in Fig. 1.

These investigators also rated the quality of the
research for each of these models to determine the
relative strength of experimental support for their
effectiveness. Their findings in this respect are sum-
marized in Table 1.

The research by Malec and colleagues (2000,
2005) on VCC and the systematic review by Fadyl
and McPherson (2009) provided the scientific back-
ground for the development of the RF model
developed at the Rehabilitation Hospital of Indiana
(RHI).

3.1. The RHI resource facilitation model

The clinical research team at RHI incorporated
the findings from a best practices guide from 16
RF programs in the United States completed by the
then Brain Injury Association on “Resource Facilita-
tion” into the VCC model (Brain Injury Association,
2001). RF was defined as “a partnership that helps
individuals and communities choose, get and keep
information, services and supports to make informed
choices and meet their goals. The collaborative pro-
cess involves participants (individuals with brain
injury and their personal support systems) working in
partnership with facilitators (individuals who provide
assistance in navigating systems) to achieve agreed
upon goals” (p. 2). This guide provided information
on best practices while the research on VCC pro-
vided evidence to inform the RHI RF model. Like
these 16 RF programs, RHI’s development of RF pro-
gram began with funding in 2009 from the Health
Resources and Services Administration (HRSA).

The efficacy of the RHI RF model has been inves-
tigated through two randomized controlled trials
(RCT). In the first RCT (L.E. Trexler, L.C. Trexler,
Malec, Klyce, & Parrott, 2010), 22 subjects with
ABI were recruited either while in the acute reha-
bilitation unit or shortly thereafter. It was found that
the RF group had a successful return to work rate
of 64 percent compared to 36 percent in the control
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Fig. 1. Overview of the structure of three different types of vocational rehabilitation programs for brain injury (reproduced from Fadyl and
McPherson, 2009 with permission).

group (Wald-Wolfkowitz z = –3.27, P < 0.0001). Fur-
ther, the RF group was found to improve significantly
more than the control on a measure of participation
in activities at home and in the community relative
to controls (F = 9.11, P < 0.007). A larger RCT of
44 subjects with ABI, again recruited while in an
acute rehabilitation unit or shorter after being dis-
charged, demonstrated that 69 percent of the RF
group returned to employment compared 50 percent
in the control group (Trexler, Parrott, & Malec, 2015).

In addition, logistic regression analyses revealed that
treatment group was a significant predictor of out-
come (Wald = 4.91, P = 0.027), and RF participants
with a goal of returning to work had 7 times higher
odds of returning to productive activities relative to
controls (95% confidence interval, (1.25, 39.15)).
Based on these findings and the support for the effi-
cacy of the RHI RF model, the Indiana Vocational
Rehabilitation Services supported a prospective clin-
ical cohort study to examine the effectiveness of
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Table 1
Conclusions regarding the strength of the evidence for different types of vocational rehabilitation programs

for brain injury

Comprehensive Day
Treatment (CDT)

Supported Employment (SE) Vocational Case Coordination
(VCC)

Weak evidence for better
vocational outcomes for
those with TBI with CDT
program

Weak evidence that SE
“allows some individuals
who have not been
employed postinjury to be
employed specifically
within the supported
employment model”

Moderate evidence that VCC
“produces higher
employment and
productivity outcomes”

Weak evidence that that
employment is maintained
(approximately 50%)

Weak evidence that
participants who receive SE
are employed that lasts 90
days

Weak evidence that those who
received VCC earlier after
injury are employed earlier

RF. Further, as this trial was supported by the State
Vocational Rehabilitation agency through referral of
clients for RF, goals could be return to post-secondary
education, although this was an infrequent goal.

4. Objectives

The overall objective of this study was to examine
the effectiveness of the RHI RF program for a clini-
cal prospective cohort of participants referred to this
program from the Indiana Vocational Rehabilitation
Services. Based on our previous research and previ-
ous research, we had two hypotheses that included 1)
the participants in the RF prospective clinical cohort
would demonstrate a significantly better rate of RTW
or school, and 2) group assignment (RF versus con-
trols) would predict outcome with baseline level of
disability as a covariate.

5. Methods

5.1. Study design and population

The present study examined the vocational out-
come for 243 participants (163 men and 80 women;
mean age 38.59 ± 13.05 years) with data drawn from
the two sources: 33 from the RCT control groups who
did not receive RF and 210 from clinical patients
discharged from the RHI RF program. Since the
samples were from two different sources, the inclu-
sion/exclusion criteria are different for each sample.
For the control group, the inclusion criteria for the
RCT was: a) TBI or diffuse encephalopathy including
metabolic, infectious or toxic (but not due to alcohol
abuse) encephalopathy, or intracranial hemorrhage,
b) between 18–60 years old, c) English as a native

language or non-native speaker with the assistance of
a relative who is an English speaker or a translator, d)
the individual with a brain injury had been employed
at the time of injury, e) the individual had a return-
to-work goal after the injury, and (f) participant or
legal proxy consents to study participation. Exclusion
criteria included: a) the presence of acute psychosis
or the emergence of psychosis during the course of
the study and b) history of treatment received for
substance abuse within the preceding two years.

The obvious inclusion criteria for this clinical sam-
ple included a) a diagnosis of an acquired brain injury
and b) a return to work or post-secondary school
goal, or they would have not been appropriate clients
of the State Vocational Rehabilitation agency. No
explicit inclusion/exclusion criteria were applied to
the clinical cohort sample. In general, participants
who may have had an active psychosis were very
likely excluded and some participants with alcohol
or drug abuse to an extent to which would interfere
with goal attainment were not admitted into RF. We
also did not recommend RF for a few clients that had
very severe physical, cognitive, and neurobehavioral
impairment to an extent that the relative probability
that they could become competitively and indepen-
dently employed was very remote.

The duration of RF was on average nine months
prior to the participant becoming competitively
employed. Participants were then followed for
90 days to ensure that vocational supports were sus-
tainable and that their employment adjustment was
stable.

5.2. Measures

Return to either part- or full-time competitive work
or post-secondary school was the main outcome
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measure, and data for the number of hours worked
per week and type of work was available for 66% of
the treatment sample that was successful for return to
work or school. A successful outcome was recorded
when the participant was able to sustain employment
or return to school for the entirety of the interval
between place and follow-up 90 days thereafter.

The Mayo-Portland Adaptability Inventory - 4
(MPAI-4) was designed to measure post-acute dis-
ability level in persons with brain injury (Malec,
2005). Change is MPAI-4 is also used to evaluate the
effectiveness of rehabilitation programs. It consists of
28 total items and subscales measure cognitive and
physical abilities, psychosocial adjustment and par-
ticipation in activities at home and in the community.
This measure was used as a covariate to determine
if group assignment would predict employment out-
come.

5.3. Statistical analyses

The present retrospective case-control study used
control data from our previous RCT’s as well as group
data from a current clinical cohort who received RF
services. Propensity scores were not utilized as the
control group data were from subjects previously ran-
domized to a control condition. However, baseline
comparisons were used to ensure the groups were
not statistically different from each other prior to
treatment.

All analyses were completed using IBM SPSS ver-
sion 24. Independent sample t-tests and Chi-square
analyses were used to compare baseline variables
between the two groups. A Chi-square analysis was
used to compare the success rate in each group and
logistic regression was used to predict employment
status based on group assignment. Nagelkerke R2 was
used to estimate explained variance. There were no
outliers, as assessed by examination of studentized
residuals for values greater than three standard devi-
ations. Effect size is reported as partial η2. An effect
size less than 0.05 was considered small; moderate,
when between 0.05 and 0.25; moderately large, when
between 0.25 and 0.50; and large when greater than
0.50. Significance levels were set at p < 0.05 and Bon-
ferroni corrections were used to correct for multiple
pairwise comparisons.

6. Results

Some very noteworthy demographic differences
between the two groups were present at baseline:

years post injury, age at injury, and injury type (see
Table 2). As previously noted, the control group was
derived from a previous RCT where subjects were
recruited while in acute inpatient rehabilitation or
shortly thereafter, and were a little more than two
months post-injury. In marked contrast, the partic-
ipants in the RF group in the present study were
referred from Indiana Vocational Rehabilitation Ser-
vices and were found to be, on average, over 9 years
post-injury. Additionally, the age at injury for the
RF group was found to be significantly younger
(29.6 years) as compared to the control group which
was on average 40 years old. This difference is likely
attributable to significant differences between the two
groups in terms of diagnosis, where there were more
participants with stroke in the control group and more
moderate to severe TBI subjects in the RF group.

6.1. Hypothesis 1: Success rate by group

Of the 210 participants in the treatment group, 69%
(n = 145) were successful for return to competitive
work. Six of these 145 successful outcomes were
for participants that had a goal of return to school.
Of the portion of the sample for which work hours
and type of employment information was available,
it was found that the average hours worked per week
was 24.88 (sd = 10.38) and 36% of the successfully
closed cases were full-time (30+ hours per week). The
occupations to which they were placed are provided
in Fig. 2. Almost half of the successful participants
returned to either administrative support or laborer
positions, but the other half were distributed across all
other types of occupations. Of the 33 participants in
the control group, 48% (n = 16) successfully returned
to paid employment. This difference was significant,
indicating a greater proportion of success in the treat-
ment group than the control at the end of the treatment
duration [X2

(1) = 5.39, p = 0.018] (see Fig. 3).

6.2. Hypothesis 2: Treatment group predicts
outcome with baseline level of disability as
a covariate

The first model examined the relationship between
baseline level of disability and employment. A logis-
tic regression model was statistically significant,
χ2(1) = 9.92, p = 0.002, but it should be noted that
this model only explained 5.5% of the variance in
productive activity and correctly classified 67.9% of
the cases. Level of disability at baseline provided an
exponential slope of 0.94 indicating that with every
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Table 2
Patient characteristics and outcomes by group

Characteristic Resource Facilitation (n = 210) Controls (n = 33) p

Mean ± standard deviation Mean ± standard deviation
Age (y) 38.32 (13.28) 40.30 (11.54) 0.419
Years Post Injury 9.61 (10.30) 0.18 (0.10) 0.000
Age at Injury 29.61 (15.58) 40.30 (11.54) 0.000
Years of education 13.24 (2.21) 13.46 (2.24) 0.610
Baseline MPAI 42.36 (7.97) 43.70 (8.25) 0.373

Frequency (%) Frequency (%)
Sex

Male 142 (68%) 21 (64%)
Female 68 (32%) 12 (36%) 0.692

Race
White 191 (91%) 33 (100%)
African American 16 (7.6%)
Hispanic 3 (1.4%) 0.085

Diagnosis
Mild TBI 2 (1%) —
Moderate to Severe TBI 152 (72%) 17 (52%)
Stroke 33 (16%) 15 (46%)
Other 23 (11%) 1 (3%) 0.001

Fig. 2. Occupational categories for successfully closed cases.

one point increase in MPAI-4 T score (higher scores
indicating a greater level of disability), the odds of
successful employment declines by nearly one per-
cent (Wald = 9.06, p = .003) (See Fig. 4).

Adding treatment group to the model and leav-
ing level of disability as a covariate increased
the models significance and improved the odds of
successful employment for those in the treatment
group. This model was also statistically significant,
χ2(2) = 14.41, p = 0.001 and explained 8% of the vari-
ance in productive activity and correctly classified Fig. 3. Employment Rates for RF and Control Groups.
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Fig. 4. Outcome by Initial Level of Disability.

Table 3
Summary of logistic regression analysis predicting employment

Variable B SE Wald Statistic p

Treatment Group –0.824 0.388 4.52 0.033
Disability –0.056 0.019 8.51 0.004

67.1% of the cases. When controlling for baseline
level of disability, treatment group significantly pre-
dicted employment outcome (Wald = 4.52, p = 0.033)
and participants in the treatment group were 2.3 times
more likely to return to work than controls.

7. Conclusions

In conclusion, participants receiving RF had a
higher employment rate than participants in past con-
trol groups. In fact, participants in the treatment group
were over two times more likely to return to work
than the control group when controlling for level
of disability. As demonstrated by previous research,
successful vocational outcome varied as a function
of level of disability as measured by the MPAI-4,
where 74% of participants with mild disability, 65%
of participants with moderate disability, and 48%
of participants with severe disability were success-
ful with obtaining employment through RF. Further,
the participants in RF were almost ten years post-
injury as compared to the control group, which was
slightly over two months post-injury. Additionally,
the RTW rate of 69% for the RF cohort is consid-
erably better than what the literature would suggest
for people of ABI of approximately 40% for all lev-
els of disability. The findings from the present study
are also consistent with the RTW rates we found in

our two previous RCT’s. The present findings provide
some initial support for the clinical effectiveness of
RF for a sample referred by the Indiana Vocational
Rehabilitation Services.

However, the present study has several limitations.
Specifically, the sampling method in this study is
not traditional, and although our control group was
randomized into the control condition, our treatment
group was not, therefore potentially adding bias to
our study. In addition, some significant differences
between the groups at baseline could confound some
of the outcome variables, specifically time since
injury, age at injury, as well as diagnosis. How-
ever, this sample is more representative of a clinical
population seen in a State Vocational Rehabilita-
tion agency, and likely better represents an otherwise
ignored sector of the population previously underrep-
resented in clinical trials. Therefore, these findings
support the transition from the established RF effi-
cacy into clinical effectiveness.

The present study took place over different eco-
nomic epochs, which could serve to influence RTW.
The recession occurred from 2007 through 2011.
Control group data was collected between 2008 and
2013, while data from the treatment group was col-
lected between 2009 and 2012. Therefore, a larger
proportion of data collection took place during the
recession for the treatment group than the control
groups. Therefore, it would seem unlikely that the
changes in the economy served as a positive bias for
RTW for the treatment group.

Although this study successfully demonstrates the
effectiveness of RF, additional established predictors
of employment success should be taken into account.
For example, Cuthbert and colleagues found that age,
race, gender, marital status, rehabilitation payment
source, education, pre-injury work status, length of
stay, and the disability rating scale (DRS) were signif-
icant predictors of employment two years post injury
(Cuthbert et al., 2015). Due to our sampling meth-
ods, we were unable to use well-known predictors
of outcome in our statistical analyses. This exclusion
of key predictors likely led to the small effect size
of our prediction model. Also, future studies in RF
need to consider relationship between pre-injury rates
of employment and post-RF employment and study
change in occupational type from pre-injury to post-
injury. Last, we were not able to evaluate durability
or stability of employment for more than 90 days,
and given that the disability associated with these
injuries was likely chronic, and for some, the level
of disability might get worse. This would therefore
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suggest a need for long-term surveillance to proac-
tively monitor vocational adjustment and stability.
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Introduction 

This research note presents the economic impact of Resource Facilitation (RF) on traumatic brain 

injury (TBI) patients in Indiana. We focus on the ability of RF to enable patients with a TBI-related 

disability to reenter the workforce. Using estimates for the impact of RF on the workforce, we then 

proceed to estimate the potential dollar-impact of RF on wages, fringe benefits, payroll and income 

taxes, and disability insurance. 

Estimation Methods 

Job loss due to disability following TBI is not uncommon and is economically costly due to lost 

wages and workplace productivity.  Additional costs such as  potential public and private disability 

insurance payments also accrue TBI related accidents. . A major benefit of RF is the patients’ 

return-to-work, with one study showing that patients treated with RF were 73% more likely to 

return to work than were patients undergoing standard treatments (Trexler, Parrott and Malec 

2016).Here, we attempt to place a dollar value on the economic benefits of RF resulting from this 

increased return to the workforce. 

Research on the number of TBI-related disabilities that are incurred each year is relatively sparse, 

and the literature doesn’t contain an accurate estimate for Indiana. Therefore, we attempt to 

produce our own estimates of TBI-related disability prevalence in Indiana. We then use these 

disability estimates to determine the potential economic impact of RF. The first method seeks to 

estimate the annual incursion of TBI-related disability, while the second method seeks to estimate 

the aggregate pool of persons disabled by TBI, regardless of when their TBI occurred. In each 

case, we estimate the number of persons in each of various age groups with a TBI-related disability, 
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use this number to estimate the number of additional persons that would return to work with RF 

treatment, and then estimate the expected wages, taxes, etc., for these potentially returned workers. 

Tables 1 and 2 contain the results of each method. Table 1 shows the approximate age breakdown 

of TBI-related disabilities, and Table 2 details the estimated economic impact under each method. 

Annual Incidence Estimate: 

To estimate the annual incidence, we modify the methodology that was used in a previous research 

note to estimate the number of new cases of TBI-disability per year (Reid, McGeary and Hicks 

2011).For this estimate, we use national annual TBI hospitalization incidence of 2.5 million cases 

from the CDC for 2015  (Centers for Disease Control and Prevention 2015). Based on population 

weights, we then estimate the number of TBI-related hospitalizations in Indiana to be 2,472 

incidence per year. Based on the Selassie, Zaloshnja, Langlois et al. (2008) study, we distribute 

the 2,472 patients into different age categories. We then estimate the number of new TBI-

disabilities incurred each year using the conditional probabilities of disability given hospitalization 

due to TBI observed  (Selassie, et al. 2008). See Table 1, for the distribution of new TBI 

hospitalization incidence leading to disability by age group. 

Using these TBI-disability incidence estimates, we now estimate the potential economic annual 

impacts of RF treatment on newly TBI-disabled patients. Since we are estimating the effects on 

those in the labor force, for each age group, we apply the labor force participation rates from 

Bureau of Labor Statistics to estimate the number of TBI-disability patients who were potentially 

employed prior to the TBI. The Trexler, Parrott and Malec (2016) study shows the probability of 

return-to-work with RF for TBI patients was 69%. From the existing literature, they found that the 

return-to-work probability without RF treatment for TBI patients was 40%. We apply these 

estimates on the TBI-disability estimates by age group for Indiana. The marginal impact of RF 

return to work is the number of potential patients returning to work after RF treatment minus the 

number of patients returning to work without RF treatment. We then estimate this marginal 

employment impact of RF return to work by age group. We find that 266 patients would 

additionally benefit from RF treatment by returning to work [i.e., they would not have returned to 

work without the RF treatment]. 

We now apply average wages by age group on the RF estimates to find the additional wages of 

marginal patients who received RF treatment and returned to work, who otherwise would not have 

returned to work without the treatment. We also estimate the potential fringe benefits of 45.77% 

that patients who now work would receive (BLS, 2016); payroll taxes of 15.3% for social security 

and Medicare (SSA, 2017); Federal income tax of 21% (IRS, 2016); and Indiana state tax of 3.3% 

(Flat tax, 2016). 

We also estimate the potential Social Security Disability Insurance (SSDI) savings to the 

government due to patients returning to work after treatment. Since 30% of workers are covered 

under short-term disability through work that covers about 70% of wages, we also estimate the 

additional impact on private disability insurance after deducting the wages that they would have 

got from SSDI (National Compensation Survey: Employee Benefits in Private Industry in the 

United States, U.S. Department of Labor, Bureau of Labor Statistics, March 2006). Finally, we 
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attempt to estimate the potential Supplemental Nutrition Assistance Program (SNAP) savings from 

30% (assumed) of patients who returned to work after RF treatment and stopped participation in 

SNAP as a result. We also use the average SNAP household benefit in Indiana of $3,060 for our 

analysis (IN SNAP, 2016) 

The economic impact on wages and benefits alone is estimated to be approximately $17.27 million. 

The revenues from taxes is about $2.15 million dollars. The potential savings from SSDI is $2.84 

million and for private disability insurance is $1.5 million. The potential SNAP savings is about 

$0.24 million. The findings of this method are shown in Table 2. 

Aggregate Lifetime Estimate: 

The previous method (annual incidence estimate) accounts for the impact of RF on a single cohort 

of patients, for a single year. Disabled patients who return to work after RF are likely to continue 

working beyond a single year period. The cumulative annual effect of RF might be better 

represented by applying an impact analysis to the pool of all TBI-disabled persons rather than the 

annual incidence of TBI-disability. In 2015, the CDC reported an estimated pool of 3.2 to 5.3 

million persons living with a TBI-related disability (Centers for Disease Control and Prevention 

2015). Using the lower bound of this estimate, Indiana’s share of the disabled pool is 

approximately 66,410 persons. See Table 1 last column for cumulative distribution by age group. 

Using annual TBI incidence by age group (calculated as in the previous method) and CDC 

mortality estimates by age group, adjusted to reflect increased mortality due to TBI, we simulate 

a stable state of the disabled population by age group. We then apply our economic impact 

estimates to the entire pool of TBI-disabled persons to determine the potential long-term impact 

of RF treatment. 

Assuming that all persons in the pool underwent RF as part of a post-TBI treatment, around 7,255 

additional persons would return to work, who would otherwise not have returned to work had they 

not received RF treatment. Accounting for the fact that disabled persons are likely to take a lower-

paying job when they return to work, we attempt to provide a lower-bound estimate by assuming 

that disabled workers would have approximately half the earning power of the average individual. 

Under this assumption, the estimated annual impact of RF in Indiana is approximately $249.1 

million in wages and benefits, $30.97 million in taxes, savings of $80.1 million in reduced 

disability insurance benefit payments and $6.6 million in SNAP impact. The detailed findings are 

shown in the last column of Table 2.  

The results of the aggregate estimate are more indicative of the long-term annual impact of RF. 

While it may not be possible to provide retroactive RF for every patient who has ever suffered a 

TBI-disability, we can view the assumed impact of RF on the entire disabled pool as the potential 

cumulative annual economic impact of RF if it had historically been administered to all new TBI-

disabled patients. Similarly, this cumulative impact demonstrates the potential annual impact of 

RF treatment after several years of application to new TBI patients. 
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Table 1: TBI-Related Disabilities per 
Age Group 

New 
Incidence 

Cumulative 
Incidence 

0 to 4 29 177 

5 to 9 29 336 

10 to 14 29 480 

15 to 19 108 1,082 

20 to 24 114 1,657 

25 to 34 169 4,520 

35 to 44 195 5,743 

45 to 54 240 7,081 

55 to 64 215 7,582 

65 to 74 342 8,525 

75+ 1,002 29,227 

Total 2,472 66,410 

Summary 

In this research note, we estimate the marginal economic impact of RF treatment by estimating the 

potential TBI-disabled patients that would return to work after receiving the treatment, who 

otherwise would not return to work had they not received the treatment. We estimate the impact 

based on annual incidence and aggregate lifetime incidence. Table 2 summarizes the economic 

impact of both methods.  

To illustrate the potential long-term impact of RF, let us 

assume that an average-earning 25-year-old suffers from a 

post-TBI disability. We assume also that this individual had 

private long-term disability insurance that covers 50% of 

lost wages until age 65, and that he is one of the patients 

who is able to return to work after RF treatment, but 

otherwise would not return to work at all. Assuming that he 

continues to earn average wages, benefits, etc., until 

retirement (age 65), the nominal career-total impact of his 

return to work total at approximately $2.94 million in 

wages and benefits, $0.80 million in state and federal taxes, 

$0.69 million in Social Security Disability Insurance 

payments, and $0.66 million in private disability insurance 

impact. These impacts are detailed in Table 3. 

Table 2: Estimated Economic Impacts 
Attributable to RF 

New 
Incidence 

Aggregate 
Lifetime 

Estimate 

Employment 266 7,255 

Wages  $  11,844,570  $  170,875,856 

Fringe Benefits  $    5,421,260  $    78,209,879 

Payroll Tax  $   829,453  $    11,966,111 

Income Tax  $    1,317,366  $    19,005,001 

     Federal  $    1,138,465  $    16,424,075 

     State  $   178,902  $    2,580,926 

Disability Insurance  $    4,339,316  $    80,134,992 

     Social Security  $    2,837,856  $    80,134,992 

     Private  $    1,501,460  (Policy-Specific) 

SNAP  $   244,188  $      6,660,090 

Table 3: Career Impact of RF for a 25-
Year-Old TBI Patient 

RF Impact 

Wages  $  2,019,270 

Fringe Benefits  $   924,220 

Payroll Tax  $   308,948 

Income Tax  $   490,683 

     Federal  $   424,047 

     State  $   66,636 

Disability Insurance  $  1,354,035 

     Social Security  $   688,800 

     Private  $   665,235 
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Additional Impact 

Our estimated economic impacts consider only the benefits related to gainful employment and are 

very conservative because we do not include the induced effects of those patients receiving the 

wages i.e., the household spending on goods and services would stimulate the economy. We also 

do not include potential unemployment benefits payments that would have been avoided for some 

patients. We do not include the potential re-admission hospital costs to Medicare/Medicaid of such 

patients. Many RF patients who do not return to work volunteer in the community in lieu of work 

(Trexler, Parrott and Malec 2016). The economic benefits from this unpaid community 

involvement are not considered here, but likely have both economic impact to the community, and 

quality-of-life improvement for the patient. Further investigation into this particular RF outcome 

is encouraged. 

Further, in Indiana in 2012, there were 191 total Medicaid waivers related to TBI, for a total of 

approximately $4.5 million in benefits. Even if we assume the TBI waiver population is uniformly 

distributed among the TBI population, RF could mitigate a portion of the waivers expenditure, 

resulting in a cumulative annual economic benefit of at most $2.3 million.  

The study comes with certain limitations as well. Quality state-level TBI data does not exist or is 

not readily available. Recent estimates of the annual incursion of TBI-related disabilities are not 

available. The impact of TBI-disability on future earning potential is unclear. In each of these 

cases, we have used simplifying assumptions to estimate these values based on other less detailed 

data. More detailed data would allow several assumptions to be removed from our calculations, 

thereby improving the accuracy of our estimates. 

Applying RF treatment to the entire cohort of patients with a TBI-disability every year may not be 

feasible. The differential impact of RF on return-to-work is estimated to be about 29%. 

Approximately 40% of TBI-disabled patients would reenter the workforce without RF, while 

another 31% will fail to return to work even with RF treatment. This implies that the economic 

impact of RF is concentrated among a subset of the total TBI-disabled population. Table 4 

demonstrates that wages are concentrated among the better educated, and to a lesser extent, the 

male populations. If treating all TBI-disabled patients is not feasible, using simple classification 

tools such as Table 4 along with the patient’s expected remaining working years could help identify 

patients with the greatest potential for economic impact due to RF. Further research could be 

conducted to better identify the patients who would only return to work with the assistance 

provided by RF treatment. 
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ABSTRACT
Objective: Research has shown that as many as 60% of adults in the criminal justice system have a history 
of traumatic brain injury (TBI), but the examination of effective interventions to reduce recidivism has only 
just begun. The present study explored the extent to which resource facilitation (RF) may decrease 
recidivism among those individuals with TBI.
Methods: Over a 2-year period, a prospective, non-randomized controlled study was conducted that 
included 1,504 justice-involved individuals exiting the Indiana Department of Corrections (IDOC). 
Participants were screened for a history of TBI as they entered parole or community corrections, with 
211 (14%) offenders screening positive for moderate-to-severe TBI. Thirty-one of the 211 offenders offered 
RF chose to participate in the intervention, while 180 declined and served as the comparison group.
Results: Participants in RF were found to recidivate significantly less often at 6 and 12 months post- 
release when looking at rearrests or return to incarceration combined between the two groups.
Conclusion: Our findings suggest that the increased risk for reincarceration in those individuals with TBI 
could be mitigated by the use of RF.
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Introduction

An awareness of the relationship between a lifetime exposure 
to traumatic brain injury (TBI) and incarceration has evolved, 
particularly over the last decade. The estimated prevalence of 
TBI among offenders has varied as a function of the sampling 
methods utilized and how the presence of a TBI was defined, 
with a meta-analysis of 20 epidemiological studies (1), finding 
that the estimated prevalence was 60.25% for offenders com-
pared to between 21% and 24% for the general population 
(2,3). A recent study conducted neuropsychological testing 
after screening for exposure to TBI (4) and found that, 
among the 158 incarcerated adults, 120 (76%) screened positive 
for lifetime exposure and, of the 88 who received neuropsy-
chological testing, 75% demonstrated some level of impair-
ment that ranged from mild (45%), to moderate (28%), to 
severe (28%). For those screening positive, it was found that 
they had an average of 3.8 events during their lives that could 
have resulted in a brain injury. The majority of these events 
occurred when they were children.

TBI during childhood and adolescence may significantly 
increase the vulnerability to engagement with the juvenile/ 
criminal justice systems. When TBI occurs in children or 
adolescents, the available research suggests that they may be 
put at risk for persistent and more violent offending through-
out their lifetime (5,6). Moreover, in a study of 508 adolescents 
hospitalized for psychiatric reasons (7), it was discovered that 
TBI during childhood and adolescence increased the risk of 
any criminality 6.8 times, the risk of diagnosis of a conduct 

disorder 5.7 times, and the risk of concomitant criminality and 
conduct disorder 18.7 times. It has been suggested that child-
hood or adolescent TBI results in a failure to develop brain 
networks responsible for the management of adaptive social 
behavior and emotional self-regulation. This leaves them vul-
nerable to impulsive and aggressive behavior, resulting in 
engagement with the juvenile justice system (8) and criminal 
persistence (9).

Supporting the hypothesis that TBI may contribute to crim-
inal persistence, several studies have found that those with TBI 
are at greater risk for recidivism. In a study of 151 males 
released from prison, it was shown that 35% of those with 
mild-to-severe TBI had recidivated compared to 26% without 
TBI at 6 months’ post-release (10). This discrepancy was found 
to persist at 12 months’ post-release, in which 48% of those 
with TBI were reincarcerated compared to 37% of those with-
out TBI. In this study, it was also found that, when controlling 
for age, race/ethnicity, type of offense, and education, those 
with TBI had significantly higher rates of recidivism. Another 
study of lifetime exposure to moderate-to-severe TBI revealed 
that 8.7% recidivated for those with TBI at 6 months and 17.4% 
at 12 months and were nearly twice as likely to recidivate than 
those without TBI (11). Methodological inconsistencies 
between these studies likely explain the variability in recidivism 
rates, including when the screening for lifetime exposure to 
TBI occurred (entry to prison compared to community reen-
try), who administered the screening instrument (researcher vs 
probation officer), and the severity of possible TBI.
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Predictors of incarceration and recidivism after TBI have 
been shown to include a variety of pre-injury factors, and those 
who were male, unmarried, and young were found to be more 
likely to have post-TBI arrest, as well as those who had a history 
of significant substance abuse (12). A history of mental health 
treatment for both veterans (13) and civilians (14) has also 
found to predict arrest after TBI. TBI has also been shown to 
increase the risk of reoffending (15). Ethnic and racial variables 
are also predictive of both TBI incidence and arrest. 
Specifically, it has been found that Black people are more likely 
to have TBI (16), and in a recent TBIMS study examining the 
extent to which racial and ethnic disparities affect arrest prob-
abilities, it was found that Asian individuals had the lowest 
arrest probability in comparison to Native American and Black 
individuals who were found to have the highest arrest prob-
ability trajectories (17). In a 2010 comprehensive review of 
literature, it was found that minorities with TBI had signifi-
cantly poorer outcomes across all domains, including treat-
ment and neuropsychological outcome, employment and 
productivity, community integration and functional outcome, 
marital status, neurobehavioral status, and quality/satisfaction 
with life as compared to Whites (18).

There has been only one published intervention study seek-
ing to prevent recidivism for those with TBI. In an uncon-
trolled descriptive cohort study (4), 44 previously incarcerated 
adults with an average of four TBIs (75% of which were 
sustained during childhood) who demonstrated neurocogni-
tive impairment on testing received resource facilitation (RF) 
for an average of 12 months’ post-release. RF is an evidence- 
based intervention that has been described as a process of 
identifying service needs and providing access to services that 
meet those needs. For those participants who received RF, 
almost two-thirds became engaged in productive activity 
(work, volunteering, and training), and 50% became competi-
tively employed. The rate of recidivism was found to be 17% at 
mostly 1-year post-release; although there is variability in the 
reported rates of recidivism for people with TBI, these findings 
are promising.

Previous research has shown that RF significantly improves 
vocational and educational outcomes and decreases the level of 
disability associated with TBI (19–21). The process of providing 
RF includes conducting an initial evaluation from which to 
develop a person-centered plan to assist the person with lived 
experience of brain injury and their family access instrumental 
supports, social resources, and health care and rehabilitation 
services. A variety of models exist for RF, but for those which 
have evidence, the process is guided by a team of brain injury 
specialists, including a neuropsychologist, a clinical rehabilita-
tion therapist, and other health-care professionals trained in 
RF. The typical duration of RF has been 9 to 16 months with at 
least monthly team conferences to review progress and goal 
attainment. RF is unique to TBI and different from most 
models of case management, which are usually specific to 
a particular domain (e.g., social, medical, or vocational), in 
contrast to RF, which addresses any domain for which the 
person with TBI or their families have a need. The present 
pilot study was conducted to specifically examine whether RF 
could decrease recidivism for justice-involved people with TBI 
exiting a correctional facility. It was hypothesized that 

participants with TBI receiving RF would demonstrate lower 
reincarceration rates than participants with TBI who did not 
receive RF. It was further hypothesized that adding a variable 
indicating participation in RF services would improve 
a binomial logistic regression model that consisted of the 
available demographics shown to impact recidivism in this 
TBI sample (age, race, years of education, and employment 
status at the time of initial arrest).

Materials and methods

Participants

Participants in this study were screened after being released from 
prison and as they were entering parole and a community correc-
tions program administered by the Indiana Department of 
Corrections (IDOC). Those participants screening positive for 
moderate-to-severe TBI, consenting to be included in the study 
and aged 18 years and older, were included in the study. Screening 
was completed between June 2015 and June 2017. All previously 
incarcerated individuals who screened positive for TBI during this 
2-year period were followed electronically as a cohort by DOC, 
and outcome data were provided at the study’s conclusion.

Throughout the 2 years of screening, 1,504 formerly incar-
cerated individuals were screened for a history of TBI, with 211 
(14%) indicating moderate-to-severe TBI. All participants who 
screened positive for moderate-to-severe TBI were offered RF. 
Those consenting to participate in RF served as the treatment 
group, and those who declined participation in RF comprised 
the comparison group. Human subjects research approval was 
granted by the local institutional review board, and partici-
pants provided informed consent.

Measures

Screening for history of TBI was completed using the Ohio State 
University Traumatic Brain Injury Identification (OSU-TBI-ID) 
method to determine lifetime exposure to moderate or severe TBI. 
Screening was completed by a Master’s level psychologist who was 
trained on the use of the OSU-TBI-ID by the study investigators. 
The OSU-TBI-ID consists of a structured interview designed to 
identify a history of TBI, as well as basic injury-related variables, 
including the duration of loss of consciousness and age at injury 
for each reported injury (22,23). The OSU-TBI-ID shows strong 
reliability and validity across administrators and samples.

Recidivism data, which were based on rearrests and returns 
to IDOC, were collected electronically on all screened offenders 
at 6- and 12-months’ post-release during the project and were 
provided directly from IDOC. Both variables were dichoto-
mous and indicated the presence of any rearrests or IDOC 
incarceration within the indicated time period. Therefore, 
any arrests or incarceration within the 6-month period would 
automatically be included in the 12-month period as well.

RF treatment

Participants in the RF intervention group received one of the 
two service levels, defined as “RF” and “Modified RF.” The 
study’s initial design consisted of all participants receiving the 
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full RF model as described in the Indiana RF Best Practices 
Manual (24) that was used in the previous research (19–21). In 
this model, participants received a comprehensive evaluation 
and RF services of 6–12 months’ duration as well as access to 
a variety of TBI-specific therapies, such as cognitive rehabilita-
tion or group coping skills interventions. Access to these ser-
vices was dependent on authorization from Indiana Vocational 
Rehabilitation Services (IVRS). IVRS experienced a significant 
staff shortage during the first year of the project, however, and 
also implemented an order of selection process that resulted in 
long delays (up to 6 months) for initial evaluation. As a con-
sequence, fewer study participants obtained access to RF 
services.

Additionally, clients under supervision of parole or com-
munity corrections were required to obtain employment as 
soon as possible after release. This often meant working multi-
ple low-skill, low-wage jobs that made them ineligible for IVRS 
services. To address the restricted access to RF services, 
a “Modified RF” program was implemented that incorporated 

a core set of the fundamental elements of the RF services in 
addition to a modified initial evaluation. An itemization of the 
differences between the two levels of RF treatment is displayed 
in Figure 1. Both groups received individualized service navi-
gation to TBI, instrumental, and community resources, but 
those in RF were typically referred to community providers 
for TBI individual and group therapies to which the Modified 
RF group did not have access. To at least partially address 
cognitive and behavioral impairments and equalize the treat-
ment received, a TBI Education Group and a TBI Life Skills 
Group for the Modified RF group were provided. It was not 
possible to reliably collect data on either of these variables in 
this setting, but those in RF likely received approximately 8– 
10 hours of services a week for approximately 6–12 months, 
while those in the Modified RF group received approximately 
4–8 hours of services a week for 3–6 months, essentially half of 
the duration and intensity of the model used in the previous 
research.

RF Modified RF
Comprehensive Evaluation and Education

a) OSU-TBI-ID
b) RF intake with client and family
c) Evaluation (8 hours) of:

Cognitive and neurobehavioral functions 
Substance abuse 
Family and social support 
Level of disability
Pain
Mobility
Personality and emotional functioning
Vocational preferences and barriers

d) Local support network community assessment
(available community resources for that
individual based on needs identified in the 
evaluation)

e) RF team case conference
f) Comprehensive report and plan of care
g) Person with TBI and family education about TBI

and its effects

RF Services 
a) Individual community-based RF contact every 2

weeks on average for 12 months: facilitating
resource acquisition, providing education to
client, family, and providers, ongoing
monitoring of success of resources, 
modification to plan as needed, collaboration
and integration of treatment plans

b) Navigation to multiple community services and
supports (ie, housing, medical services, brain
injury services, support groups, others) and
management-coordination of services for
comorbidities and co-occurring conditions (eg,
mental health, substance abuse)

c) Monthly RF team case conference and report
documentation 

d) Collaboration/education with employment
specialist/job coach/prospective employer 

e) Vocational placement services for 90-day
vocational stabilization

f) At close of 90 days – RF review and stabilization
of resources, satisfaction surveys, program 
evaluation data collection 

Abbreviated Evaluation and Education

a) OSU screening
b) RF intake with client
c) Evaluation of:

Cognitive and neurobehavioral functions 
Substance abuse
Level of disability

d) RF team case conference
e) TBI wallet cards containing information about their

injury and summary results of the evaluation were
given to each client

f) Person with TBI and family education about TBI
and its effects

RF Services
a) Individual community-based RF frequency and

duration as possible to address TBI and instrumental 
needs

b) Navigation to multiple community services and
supports (eg, housing, medical services, brain injury
services, support groups, others) and management-
coordination of services for comorbidities and co-
occurring conditions (eg, mental health, substance
abuse) 

c) Monthly RF team case conference and report
documentation

d) TBI Education Group (1/week)
e) TBI Life Skills Group (1/week)
f) TBI notebooks containing sections for medications,

medical providers, employment, and TBI information
were given to each client

g) Possible referral to IVRS and intake attended by
client and RF

Figure 1. Six- and 12-month measures of recidivism for the RF treatment group vs. the non-RF comparison group. RF: resource facilitation.
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Both RF treatment and control group participants also 
received transitional services from the community reentry 
program from which they were recruited. These services 
included family reunification, transitional housing, substance 
abuse groups, education, emergency assistance (e.g., bus tick-
ets, food, housing, etc.), and assistance with job placement.

Analyses

Fisher’s exact test was used to test the primary hypothesis that 
offenders participating in RF would demonstrate decreased 
recidivism rates. To test the impact of RF on outcomes, hier-
archical logistic regression was used to determine if the addi-
tion of RF treatment improved the prediction of recidivism 
over key demographic variables alone. During logistic regres-
sion modeling, linearity of the continuous independent vari-
ables with respect to the logit of the dependent variable was 
assessed using the Box-Tidwell procedure with a Bonferroni 
correction. All continuous independent variables were found 
to be linearly related to the logit of the dependent variable. 
Outliers were defined as cases with standardized residuals less 
than ±2, and no outliers were detected.

Results

Sample

Of the 211 formerly incarcerated individuals who screened 
positive for lifetime exposure to moderate-to-severe TBI, 31 
consented and participated in RF intervention. Therefore, our 
final study sample consisted of a treatment group sample size 
of 31 and a comparison group of 180. Participant demo-
graphics are presented in Table 1.

The RF treatment groups comprised 31 justice-involved 
participants: 8 in RF and 23 in Modified RF. Because of the 
small sample sizes, data in the two RF interventions were 
combined and considered “RF treatment.” Further subanalyses 
to examine potential impacts of treatment intensity on out-
come were not conducted. Demographic information for those 
participating in the different levels of RF is provided in Table 2.

No significant differences were found when comparing 
demographic information between the RF and non-treatment 
groups or between the participants in each of the RF treatment 
groups (p > 0.05).

Rearrests and return to incarceration

At both 6 and 12 months, those participants who received RF 
were found to have fewer rearrests and incarcerations than 
those who did not receive RF (see Figure 2).

Of the 180 offenders with TBI not participating in RF, 28 
(16%) were arrested within 6 months of release, and 47 (26%) 
were arrested within 12 months. Of the 31 RF participants, only 
one participant (3%) was arrested within 6 months, and five 
(16%) were arrested within 12 months. The difference in pro-
portions of rearrests at 6 months was significantly different, as 
assessed by Fisher’s exact test (p = 0.048) but not at 12 months 
(p = 0.168; see Figure 2).

Of the 180 offenders with TBI not participating in RF, 46 
(26%) returned to IDOC within 6 months, and 67 (37%) 
returned to IDOC within 12 months. Of the 31 RF partici-
pants, three (10%) returned to IDOC within 6 months, and 
seven (23%) returned to IDOC within 12 months. The 
difference in proportions of offenders returning to incarcera-
tion at 6 months was significantly different, as assessed by 
Fisher’s exact test (p = 0.037) but not at 12 months 
(p = 0.082).

It should be noted that some participants are counted as 
returning to incarceration as well as indicating a positive 
arrest history; however, not all cases returning to IDOC 
had arrests listed as well. Therefore, the data were combined 
across the two recidivism variables to investigate the poten-
tial impact of RF on arrest and incarceration risk. Of the 180 
offenders with TBI not participating in RF, 65 (36%) were 
arrested or returned to IDOC within 6 months, and 95 
(53%) were arrested or returned to IDOC within 12 months. 
Of the 31 RF participants, 4 (13%) were arrested or returned 
to IDOC within 6 months, and 10 (32%) returned to IDOC 
within 12 months. The difference in proportions was signifi-
cantly different between the two groups, as assessed by 
Fisher’s exact test at the 6-month epoch (p = 0.007) as well 
as at 12 months (p = 0.027).

Table 1. Participant demographics.

Treatment group 
(RF)

Comparison group 
(no RF)

n = 31 n = 180
Age, mean (SD), years 40.10 (12.10) 39.29 (10.78)
Years of education, mean (SD) 10.90 (2.04) 10.78 (1.95)
Female (%) 0 (0) 8 (4.4)
Race 

White, n (%) 
Black, n (%) 
Other, n (%)

14 (47) 
16 (53) 
1 (3.33)

83 (46.11) 
93 (51.67) 

5 (2.78)

Employed at the time of arrest, 
n (%)

12 (40) 75 (41.67)

Injury severity 
Moderate 
Severe

21 (68%) 
8 (26%)

131 (72.78%) 
48 (26.67%)

Age at first injury, mean (SD), years 23.00 (12.59) 19.70 (9.88)

RF: resource facilitation.

Table 2. Treatment group demographics.

RF Modified RF

n = 8 n = 23

Age, mean (SD), years 39.13 (13.20) 40.43 (11.98)
Years of education, mean (SD) 11.88 (1.55) 10.57 (2.11)
Female (%) 0 (0) 0 (0)
Race 

White, n (%) 
Black, n (%) 
Other, n (%)

4 (50) 
3 (37.5) 
1 (12.5)

10 (43.48) 
13 (56.52) 

0 (0)

Employed at time of arrest, 
n (%)

2 (25) 10 (43.48)

Injury severity 
Moderate 
Severe

5 (62.5%) 
2 (25%)

16 (69.57%) 
6 (26.09%)

Age at first injury, mean (SD), years 22.14 (17.99) 23.27 (10.89)

RF: resource facilitation.
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An initial model predicting recidivism with key demo-
graphics was not statistically significant (χ2 (4) = 2.94, 
p = 0.568) (see Table 3). Adding participation in RF services 
to the model, likewise, did not produce a significant model (χ2 

(5) = 7.216, p = 0.205), although the main effect of RF partici-
pation was significant (p = 0.049).

As a post hoc analysis, exploratory regression modeling was 
completed to examine the impact of various predictors of reci-
divism in the TBI population. Backward selection was used to 
ascertain the effects of RF participation while accounting for the 
impact of available demographics (age, race, years of education, 
and employment status at the time of initial arrest). Interestingly, 
the final logistic regression model was reduced to a single inde-
pendent variable: participation in RF. This model was 

statistically significant (χ2 (1) = 4.31, p = 0.038) but only 
explained 2.7% (Nagelkerke R2) of the variance in incarceration 
and arrests and correctly classified 55% of cases, as noted in 
Table 4. The final model indicates that offenders with TBI in this 
sample who did not participate in RF demonstrated odds to 
recidivate that were more than twice as high as those who 
participated (see Table 5).

Discussion

Previous research has demonstrated considerable variability in the 
rate of recidivism following TBI, from 17% to 48% at 1-year post- 
release for the studies cited herein, although those with TBI 
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Figure 2. Levels of provided RF services. IVRS: Indiana Vocational Rehabilitation Services; OSU: Ohio State University; OSU-TBI-ID: Ohio State University Traumatic Brain 
Injury Identification Method; RF: resource facilitation; TBI: traumatic brain injury.

Table 3. Logistic regression models examining likelihood of recidivism.

b SE Wald df p-Value Odds ratio 95% CI for odds ratio

Lower Upper

Model 1. Likelihood of recidivism in TBI sample based on key demographics (n = 211)

Age −0.019 0.013 2.171 1 0.141 0.981 0.957 1.006
Employment −0.133 0.289 0.213 1 0.644 0.875 0.497 1.541
Education −0.043 0.073 0.338 1 0.561 0.958 0.830 1.106
Race 0.123 0.286 0.186 1 0.667 1.131 0.645 1.984
Constant 1.179 0.910 1.679 1 0.195 3.250

Model 2. Likelihood of recidivism based on RF participation (n = 211)

Age −0.019 0.013 2.108 1 0.147 0.981 0.956 1.007
Employment −0.158 0.291 0.294 1 0.588 0.854 0.483 1.511
Education −0.040 0.074 0.292 1 0.589 0.961 0.831 1.111
Race 0.128 0.289 0.197 1 0.657 1.137 0.646 2.002
RF participation 0.820 0.416 3.892 1 0.049 2.270 1.005 5.126
Constant 0.444 0.990 0.202 1 0.653 1.560

RF: resource facilitation; TBI: traumatic brain injury. 
Note. Race used White as the indicator variable; RF participation is not participating compared to participation.
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consistently recidivate more often than those without lifetime 
exposure to TBI. In this respect, the present data corroborate 
these previous findings. Efforts to decrease recidivism for those 
with TBI have just begun, with very preliminary and promising 
results.

The overall finding of the present study is that those 
justice-involved participants with TBI who received RF had 
fewer rearrests and reincarceration, significantly so at 
6 months when instances of rearrest or reincarceration 
were analyzed separately. When these two measures of 
recidivism were combined, however, the advantage for the 
RF group was clearly found to be significant at both 6 and 
12 months. Those participants with TBI who did not 
receive RF demonstrated 2.27 times higher odds of either 
rearrest or reincarceration. Previous research has shown 
that, at least for adolescents, preventing recidivism would 
result in a savings of $2.6 to $5.3 million per person when 
including social costs, lost opportunity costs, and costs to 
victims (25,26). In the current study, we found a 21% 
reduction in recidivism for the RF group, so if RF was to 
prevent recidivism for hypothetical 100 people with lived 
experience of TBI, 32 people would have “saved” 21 people 
from reincarceration, resulting in a savings of $54.6 to 
$111.3 million.

This study also provided opportunities and challenges from 
clinical as well as system perspectives. It was quite remarkable, 
clinically, how few of the participants screening positive for 
moderate-to-severe TBI were aware that they had a brain 
injury, let alone understood the implications of having 
a brain injury. As their awareness emerged through RF, their 
emotional reactions to this awareness were quite striking and 
sometimes intense, particularly if their impairments played 
a role in the reason for their incarceration. For these reasons, 
intervention research with this population should include clin-
ical protocols for managing these reactions. It was also clini-
cally noteworthy that many of the participants were very 
committed to participating, especially in group interventions 
where TBI education and strategies for accommodating or 
managing TBI-related symptoms were provided. In fact, 
group size grew from 5 to 6 to more than 20 because the 
participants did not want to stop attending, even when most 
of them had to walk almost 3 miles during the winter to get to 
the community reentry facility.

Because those who are in transition from incarceration to 
parole, they have an immediate mandate to become gainfully 
employed. This mandate had a very significant impact on our 
ability to recruit participants. It is recommended that for future 
research efforts, the recruitment, the initial assessment, and 
education about the TBI and its effects should be conducted 
prerelease from incarceration so that the persons with the TBI 
understand the potential relevance and importance of their TBI 
history for successful community reentry and reincarceration 
avoidance. It would also potentially be helpful to attempt to 
contact interested family to include them in the education 
about TBI and its effects.

Researching a TBI intervention in the community-based 
criminal justice system was incredibly complex and filled 
with multiple obstacles. The pervasive disconnect between 
health and rehabilitation, criminal justice, and vocational and 
employment systems leaves those with TBI in a position of 
attempting to reenter the community with cognitive and beha-
vioral impairments (for which they had not received treat-
ment) and navigate between these systems. For example, 
participants with TBI wanted to access services for their TBI 
but did not have health insurance. When they were provided 
access to transportation services to apply for health insurance, 
they forgot the date and time. These barriers and systemic 
disconnect not only affected the participants’ ability to engage 

Table 4. Hierarchical multiple logistic regression model selection.

Return to incarceration and arrest

Model 1 Model 2 Model 3 Model 4 Model 5

b OR b OR b OR b OR b OR

RF participation 0.820* 2.270 0.824* 2.280 0.828* 2.288 0.826* 2.285 0.832* 2.298
Age −0.019 0.981 −0.019 0.981 −0.019 0.981 −0.018 0.982
Employment −0.158 0.854 −0.172 0.842 −0.189 0.827
Education −0.040 0.961 −0.034 0.966
Race 0.128 1.137
Constant 1.264 3.541 1.269 3.557 0.926 2.525 0.816 2.262 0.090 1.094
χ2 (df) 7.216 (5) 7.019 (4) 6.797 (3) 6.360 (2)* 4.306 (1)*
Nagelkerke R2 0.045 0.044 0.043 0.040 0.027
Correctly classified 61.2% 61.7% 58.9% 58.9% 54.5%

RF: resource facilitation. 
Note. *p < 0.05. Race used White as the indicator variable; RF participation is not 

participating compared to participation.

Table 5. Likelihood of recidivism based on participation in RF.

Logistic regression predicting likelihood of recidivism based on RF participation 
(n = 211)

b SE Wald df p-Value
Odds 
ratio

95% CI for 
odds ratio

Lower Upper

Step 1
Age −0.019 0.013 2.108 1 0.147 0.981 0.956 1.007
Employment −0.158 0.291 0.294 1 0.588 0.854 0.483 1.511
Education −0.040 0.074 0.292 1 0.589 0.961 0.831 1.111
Race 0.128 0.289 0.197 1 0.657 1.137 0.646 2.002
RF 

participation 0.820 0.416 3.892 1 0.049 2.270 1.005 5.126
Constant 0.444 0.990 0.202 1 0.653 1.560
Step 5
RF 

participation 0.832 0.412 4.068 1 0.044 2.298 1.024 5.157
Constant −0.742 0.384 3.729 1 0.053 0.476

RF: resource facilitation. 
Note. Race used White as the indicator variable; RF participation is not participat-

ing compared to participation.
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in RF, but they also negatively affected the clinical and research 
teams’ ability to sustain access to the participants. Attitudinal 
barriers within the criminal justice system were also pervasive, 
often affecting providers’ willingness to collaborate with the 
study. Health and rehabilitation personnel, however, are some-
times naive about the complexity of criminogenic behavior and 
its determinants. This research also requires an understanding 
of both the criminal justice and health and rehabilitation sys-
tems, as well as their associated terminologies, both of which 
were challenges in conducting the present study.

Limitations

Group assignment was not random. The sample size is small, 
particularly with respect to those receiving RF. Only 31 of 211 
who were offered RF based on the results of TBI screening 
chose to participate. Although there were no demographic 
differences between the groups for the limited number of 
measures collected, it is entirely plausible that unmeasured 
variables, such as level of awareness, extent of cognitive 
impairment, degree and type of psychiatric comorbidities, or 
personality characteristics that motivated them to participate 
in RF, may have accounted for their decreased recidivism. 
Further, it should be noted that over 50% of our sample was 
Black, and it could be the case that treatment outcomes varied 
as a function of race. Future studies should examine racial 
and ethnic differences in RF outcomes. Also, while the RF 
participants received largely similar domains of intervention 
(e.g., TBI individual and group interventions, service naviga-
tion, and TBI education), two different levels of intensity and 
duration of RF were used in this study. Although it could be 
the case that the holistic model employed in the RF model 
used in the research is why positive results have been 
obtained, the active ingredients of RF have not been studied, 
and this represents a significant opportunity for further 
research. The finding of decreased recidivism for the RF 
intervention group is encouraging, given that only approxi-
mately one-third of the RF participants received the original 
RF model.

Conclusions

These preliminary data suggest that RF could mitigate the 
increased risk for reincarceration for those with TBI, and 
research should control for the intensity, duration, and specific 
inclusive services to better understand what, overall, makes RF 
effective. Future studies should recruit and enroll incarcerated 
participants soon before their release to promote their engage-
ment in RF, developing post-release plans for TBI-informed 
community reentry services and supports that can be com-
bined with their efforts to obtain employment. Finally, research 
should systematically examine the variables known to affect 
recidivism, including psychiatric disorders, learning disabil-
ities, and level of cognitive impairment, to determine the 
relationship between outcome and the use of RF.
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Summary
Background Homeless and precarious housed persons are particularly prone to traumatic brain injuries (TBIs), but
existent incidence rates are hampered by poor case acquisition. We rigorously documented TBIs in precariously
housed persons transitioning in and out of homelessness.

Methods Between December 2016 and May 2018, 326 precariously housed participants enrolled in a longitudinal
study in Vancouver, Canada were assessed monthly for TBI occurrences after education on sequelae. Over one par-
ticipant-year, 2433 TBI screenings were acquired for 326 person-years and variables associated with odds of incident
TBI were evaluated.

Findings One hundred participants acquired 175 TBIs, yielding an observed incidence proportion of 30¢7% and
event proportion of 53¢7%. Of the injured, 61% reported one TBI and 39% reported multiple injuries. Acute intoxica-
tion was present for more than half of the TBI events assessed. Additionally, 9¢7% of TBI events occurred in the con-
text of a drug overdose. Common injury mechanisms were falls (45¢1%), assaults (25¢1%), and hitting one’s head on
an object (13¢1%). In this community-based but non-randomly recruited sample, exploratory analyses identified fac-
tors associated with odds of an incident TBI over one year of follow-up, including: schizophrenia disorders (odds
ratio (OR) = 0¢43, 95% confidence interval (CI) 0¢19, 0¢94), role functioning (OR = 0¢69, 95% CI 0¢52, 0¢91), opioid
dependence (OR = 2¢17, 95% CI 1¢27, 3¢72) and those reporting past TBIs (OR = 1¢99, 95% CI 1¢13, 3¢52).

Interpretation Given the ubiquity of TBIs revealed in this precariously housed sample, we identify an underappreci-
ated and urgent healthcare priority. Several factors modified the odds of incident TBI, which can facilitate investiga-
tions into targeted prevention efforts.
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Research in context

Evidence before this study

Our interests in the incidence rates of TBIs experienced
in marginalized persons was spurred by concerns over
prior case acquisition approaches, which was reinforced
as we documented TBIs while conducting the “parent”
‘Hotel Study’, a broad investigation of the health of
housing insecure persons. We subsequently published a
Lancet Public Heath meta-analysis (Medline Embase,
PsycINFO, CINAHL, Web of Science; search date Dec 14,
2018), which revealed a lifetime TBI prevalence in
homeless and housing insecure samples exceeding
50% and identified TBI case acquisition limitations of
past work, which we were positioned to address.

Added value of this study

Using standardized monthly TBI screenings conducted
prospectively for one-year in precariously housed indi-
viduals, we more accurately documented TBIs. Rigorous
methods, including missing data imputation, indicated
that the annual incidence of TBI were unprecedently
high. In the current study, we also identified several fac-
tors that were associated with odds of incident TBI,
including greater odds with opioid use and past TBIs,
and lesser odds associated with better role functioning
and a diagnosis of schizophrenia disorders.

Implications of all the available evidence

This prospectively acquired data bolsters meta-analytic
observations elucidating a community TBI endemic in
at least some marginalized populations, while identify-
ing factors apt to be relevant to injury risks and preven-
tion. Considering that these community members often
experience cognitive impairment, social and occupa-
tional challenges, and numerous morbidities (e.g., psy-
chiatric and neurological), the high TBI incident rates
observed serve as an impetus for studies into TBI-exac-
erbated neuropsychiatric decline, a potentially prevent-
able source of disability in this and similar populations.
To ensure that the full spectrum of TBI severity is cap-
tured, investigations will benefit from prospective TBI
ascertainment methods optimized to the TBI experien-
ces and reporting capacities of substance using, margin-
alized participants.
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Introduction
Low-income tenants residing in substandard housing
often as their only alternative to homelessness face high
mortality and numerous mental and physical health
challenges, including substance dependencies, psychiat-
ric and neurological illnesses, and infectious diseases.1-4

These persons also exhibit disproportionately high trau-
matic brain injury (TBI) incidence, with the most rigor-
ously acquired annualized incidence rates approaching
20%.5 Indeed, more than half of homeless and
precariously housed persons report a TBI history, with
one quarter of injuries characterized as moderate or
severe as indicated by meta-analytically aggregated esti-
mates.6 These rates are several orders of magnitude
higher than the <1% annualized incidence rates com-
piled from a comprehensive aggregation across multi-
country studies.7

Yet, the extent of this problem remains elusive given
numerous obstacles hampering accurate TBI ascertain-
ment. Many studies of housing-insecure persons only inci-
dentally document TBIs.8 The use of well-validated
ascertainment tools has been infrequent, and few studies
comprehensively characterize mechanisms or risk factors.

Moreover, as in the broader TBI literature, ascertain-
ment chiefly relies upon self-reports over timeframes
where accurate recollection is often dubious. Report
accuracy is likely further degraded in some populations
of homeless and precariously housed persons because
of compromised cognition9 interfacing with limited par-
ticipant knowledge and/or little recognition of TBI-asso-
ciated symptoms.10

Increased data granularity and fidelity will improve
TBI rate estimates and identify measures for prospec-
tive studies of risk factors. Accordingly, in precariously
housed persons, our aims were to estimate TBI inci-
dence and explore risks using a design that included the
education of participants on TBI sequelae and a vali-
dated screening tool deployed repeatedly and proximate
to injury. We explored putative risk factors specifically
(e.g., opioid dependence) as opposed to broadly (e.g.,
substance dependence). Such work is vital given the
potential of particularly deleterious impacts of TBIs,
and their accumulation, in persons suffering from poor
physical and mental health.11,12
Methods

Participants
As part of a longitudinal study, 524 individuals were
recruited in Vancouver, Canada between November
2008 and May 2018 from four single room occupancy
(SRO) hotels located in a low-income neighbourhood,
the community court, and the emergency department
of the catchment area hospital (see the “Hotel Study”1

for baseline characteristics). Briefly, persons were eligi-
ble if they lived in the neighbourhood catchment area,
were able to communicate in English, and had the
capacity to and provided written informed consent.
Between December 2016 and May 2018, a total of 326
of these individuals completed monthly TBI screening
assessments (Figure 1). Participants received small hon-
oraria after each screening. Ethics approval was
obtained from the University of British Columbia −
Providence Health Care Research Ethics Board (H16-
01310) and the Simon Fraser University Office of
Research Ethics (2016s0586).
www.thelancet.com Vol 44 Month February, 2022



Figure 1. Flow diagram of participant inclusion.
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Procedures
Traumatic brain injury screening was completed by
trained research assistants supervised by a Neuropsychi-
atrist (WJP) and Psychologist (AET). At recruitment for
the TBI sub-study, participants were provided with a
pamphlet outlining common TBI causes and symp-
toms, as well as contact information for a nearby emer-
gency room and several area clinics (available by
request). Participants were encouraged to first seek
medical service in the event of a head injury. Apart
from two TBI events that were reported between sched-
uled monthly screenings, participants reported all
events during monthly screenings that occurred over a
one person-year period tailored to each person’s enrol-
ment date. A total of 2433 unique monthly screenings
were completed across 326 person-years. On average,
participants completed 7¢73 screens (SD = 3¢63;
median = 8¢00), with a range of 1 to 14 screens. Across
the possible 326 person-years, data was present across
202¢75 person-years (37¢8% missing monthly data).

Prospective TBI occurrence was ascertained during
monthly screening using the Ohio State University TBI
Identification Method Interview Form,13 which is a TBI
Common Data Elements measure.14 A supplemental
questionnaire was used to augment injury details (Sup-
plement A). To establish TBI occurrence, two defini-
tions were employed. A standard, but more liberal
definition,15 operationalized TBI as a trauma to the head
or neck, with known cause, resulting in one or more of
loss of consciousness (LOC), post-traumatic amnesia
(PTA), and/or being dazed and/or confused. A more
conservative definition required a reported period of
LOC, at minimum, to be considered a TBI. When partic-
ipants affirmed TBI but lacked autobiographical event
recollection sufficient to make a definitive TBI diagno-
sis, criteria were met if a witness had conveyed qualify-
ing injury information that the participant disclosed, or
if the participant presented with physical signs of head
trauma. When TBI events were reported in duplicate,
only one TBI occurrence was included in analyses. Life-
time TBI count was assessed using the Brain Injury
Screening Questionnaire.16 Finally, a post-study con-
sensus review of “suspect” TBI events was conducted
that identified events in which sensorial disruption
www.thelancet.com Vol 44 Month February, 2022
reportedly occurred prior to head impact. These
“suspect” events were often reported as entailing
“passing out” with a subsequent head impact.

The mechanism of TBI was investigated, including
whether the event occurred in the context of overdose or
acute intoxication. Given the ubiquity of substance
dependence, intoxication at the time of injury was
defined using a questionnaire item probing self-
reported intoxication by drugs or alcohol at the time of
injury that was beyond typical use. Further, TBIs were
considered to have occurred during non-alcohol induced
overdose if there was, inclusively: (a) an observer report
or observable sign of head trauma, (b) self-reported
drug use at the time of injury, and (c) self-report of nal-
oxone administration.

Several procedures were conducted that character-
ized the sample clinically and provided the basis for the
evaluation of measures putatively associated with odds
of incident TBI (Supplement B). Substance dependen-
cies and psychiatric illnesses were diagnosed by inter-
view with a psychiatrist using the Diagnostic and
Statistical Manual of Mental Disorders17 in consensus
with the Best Estimate Clinical Evaluation and Diagno-
sis 218 and the most proximally conducted Mini Interna-
tional Neuropsychiatric Interview.19 The Maudsley
Addiction Profile physical and mental symptom scores
were used to estimate health.20 In structured interview,
details on physical symptoms and illnesses were col-
lected, which included neurological illnesses (e.g.,
stroke, epilepsy, and seizure history) and remote TBI
histories (i.e., “serious head/face injury” with LOC).

Neurocognitive and functional capacity information,
collected prior to monthly TBI screening, generated
additional measures considered for association with
TBI. Premorbid intelligence was estimated using the
reading score, in combination with demographics, as
implemented on the Wechsler Test of Adult Reading.21

Two additional variables were created (see Supplement
B). First, composite cognition was calculated from the
Hopkins Verbal Learning Test − Revised22 (immediate
recall), the Stroop Color and Word Test23 (color-word
trial), and the Rapid Visual Information Processing
Test24 (signal detection, A0). Additionally, role function-
ing was captured by a sample-standardized composite
derived from raw scores on the Role Functioning Scale25

and the Social and Occupational Functioning Assess-
ment Scale.17 Lower scores on the role functioning com-
posite reflect poorer working productivity, diminished
independent living and self-care skills, and/or lesser
engagement in immediate or extended social relation-
ships.
Statistical Analysis
The observed TBI rates can be appreciated as a lower
boundary, since observed rates are attenuated by miss-
ing data. In contrast, estimated rates achieved through
3
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imputation, mitigate biases. Following the framework
outlined by Richter and colleagues26 for handling miss-
ing data in observational TBI research, longitudinal
missing data patterns were examined. Generalized lin-
ear modeling examined whether relevant demographic,
time variant, psychiatric, and TBI-related variables were
associated with whether data was present versus miss-
ing across all possible time points, with each partic-
ipant’s scores as a cluster (see Supplement C). The
missingness mechanism was determined.27 Multiple
imputation by chained equations28 was performed to
impute missing data. Of note, comparable longitudinal
analyses were performed to determine if relevant varia-
bles were associated with whether participants came in
to report a TBI or not; no variables were predictive.

In exploratory analyses, variables that were investi-
gated as modifiers of odds for TBI were harvested from
the closest available data collection point preceding each
participant’s first prospective TBI screening. Regres-
sions were conducted to examine factors modifying the
odds of TBI occurrence. For all analyses, assumptions
were met and the number of TBI events per number of
variables in the model was not found to exceed values
thought to cause bias and/or precision errors.29 All cate-
gorical variables were coded in reference to their
absence (e.g., participants without schizophrenia disor-
ders). Continuous variables were coded as changes in
the odds of sustaining TBI with every unit change on
the continuous variable.

To evaluate odds related to TBI occurrence, a series of
hierarchical binomial logistic regressions were conducted.
These exploratory models were constructed to provide
coefficients adjusted for demographics and similar taxon-
omy risks (i.e., substance dependence, psychiatric disor-
ders, neurological indicators, and psychological and daily
functioning; see Figure 4, Blocks 2a-d). Specifically, age,
sex, and education were entered on Block 1 and variables
exclusive to each taxonomy were entered on Blocks 2a-d.
The reported odds ratios are adjusted for demographics
and for the factors exclusive to the taxonomy.

Generalized linear modeling and multiple imputa-
tion analyses were conducted using R version 3¢6¢3. All
other statistical analyses were conducted using Statisti-
cal Package for the Social Sciences version 24¢0. TBI
screening data was double checked by select authors.
Data was then entered into databases and checked and
cleaned by research assistants and select authors. The
study is reported in accordance with Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) Guidelines.30
49
Role of Funding Sources
Funders of this study played no part in research design,
data collection/analysis, interpretation, or in writing the
manuscript. All authors had access to the data and were
responsible for the submission.
Results
Demographic and clinical characteristics of the sam-
ple are given in Table 1. Test-retest reliability was con-
ducted on self-reported injury details from an
available subsample of precariously housed persons
enrolled in the study who repeated TBI screening
(n = 42) for the same event at a later visit
(mean = 7¢88 days, SD = 4¢78, range 4-19 days). Reli-
ability estimates were calculated based on a single rat-
ing, absolute-agreement, two-way mixed effects
model. Using Cicchetti guidelines,31 reliabilities were
excellent for self-report of TBI mechanism (intraclass
correlation coefficient (ICC) = 0¢950), as well as for
LOC occurrence and its duration (ICCs = 0¢908 and
0¢973, respectively). Reliability was fair for the occur-
rence of PTA or being dazed and/or confused
(ICC = 0¢453), but poor for its duration (ICC = 0¢126).

To establish the most comprehensive and accurate
TBI rates, we examined the TBIs across the sample for
the observation period using the observed and estimated
(imputed) datasets. For analyses, the standard definition
was deemed primary. For completeness, we also report
observed TBIs using the conservative definition (requir-
ing LOC; Table 2).

Over the possible 326 person-years, 175 TBI events
were reported in 100 participants and 226 participants
reported no events. Of those who acquired at least one
event, 61% of participants reported only one TBI, and
39% reported two or more injuries (range 0 to 6; see
Figure 2). Table 2 reveals an observed (unimputed) annual
incidence proportion of 30¢7% (100 of 326 individuals
experienced TBI) and an observed event proportion of
53¢7% (175 events in 326 individuals). The observed inci-
dence rate (100 individuals with TBI over 202¢75 person-
years) was 0¢49 persons per year and the observed event
rate (175 events over 202¢75 person-years) was 0¢86 events
per year. Fail-safe estimates of observed TBIs were estab-
lished by removing the 27 “suspect” events (reported by 13
participants) that involved sensorial disruption that
occurred prior to head impact (e.g., falling during an over-
dose). With this approach, the fail-safe observed incidence
proportion (87 individuals with TBI out of 326 total indi-
viduals) was 26¢7% versus 30¢7% and the event propor-
tion (148 TBI events out of 326 total individuals) was
45¢4% versus 53¢7%.

Finally, imputation that mitigates missing data
biases under the missing at random (MAR) assumption
yielded estimates that were 65 to 70% higher than that of
the observed rates. Table 2 provides these estimates, with
a TBI incidence proportion of 50¢7% and an event pro-
portion of 91¢1%.

To appreciate the TBI events, we characterized their
mechanisms and symptom features. One hundred
forty-two of 175 events (81¢1%) reported no LOC or a
LOC of 30 minutes or less, 32 (18¢3%) reported LOC lon-
ger than 30 minutes, and 1 (0¢6%) was unknown.
Table 3 reveals that the most common mechanisms
www.thelancet.com Vol 44 Month February, 2022



Clinical Characteristic Total N N %

M (SD)

Demographics

Age (years) 326 40¢5 (11¢3)
Education (years) 326 10¢5 (2¢3)
Monthly Income (Canadian dollars) 322 850¢3 (415¢3)
Sex

Males 326 239 73¢3
Females 326 87 26¢7

Ethnicity

Caucasian 324 180 55¢6
Indigenous 324 91 28¢1
Other 324 53 16¢4

Alcohol and Drug Dependence

Alcohol 297 59 19¢9
Stimulant 297 232 78¢1
Opioid 297 129 43¢4
Cannabis 297 113 38¢0
Other 294 27 9¢2

Psychiatric Disorders

Depression 297 42 12¢9
Bipolar spectrum disorder 296 32 10¢8
Schizophrenia spectrum disorder 297 55 18¢5
Substance induced psychotic disorder 297 47 15¢8
Other 295 170 57¢6

Neurological Disorders

Lifetime traumatic brain injury count 326 Median = 3¢00 (IQR = 4¢0)
Lifetime traumatic brain injury history 326 108 33¢1
Pre-enrollment MRI-defined traumatic brain injury 283 15 5¢3
History of seizures/epilepsy 323 50 15¢5
History of stroke 321 13 4¢0

Table 1: Sample Demographic and Clinical Characteristics.
Note: Stimulant = cocaine and/or methamphetamine. Opioid = heroin and/or other opioid. Pre-enrollment Magnetic resonance imaging (MRI)-defined TBIs

were determined from scans that were conducted prior to enrollment in monthly TBI screening.

TBI Definition Incidence Proportion
(per 100,000
population)

Event Proportion
(per 100,000
population)

Incidence Rate
(per 100,000
person-years)

Event Rate
(per 100,000
person-years)

Standard

Observed 30,674¢85 53,680¢98 49,321¢82 86,313¢19
Estimated 50,674¢85 91,104¢29 50,674¢85 91,104¢29

LOC required

Observed 18,711¢66 27,914¢11 30,086¢31 44,882¢86

Table 2: Rates of Traumatic Brain Injury.
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were falls, assaults, and hitting one’s head on an object.
Seventeen events (9¢7%) occurred in the context of a
drug overdose. Acute intoxication was assessed for 79
TBI events (45¢1% of all events) as this evaluation was
initiated after the study was underway. Of these 79
events, 48 (60¢8%) were acquired when the participant
was intoxicated.
www.thelancet.com Vol 44 Month February, 2022
Females showed little difference compared to males
in their odds for incident TBI (odds ratio (OR) = 1¢111;
95% confidence interval (CI) ¢778, 1¢586; 99% CI ¢695,
1¢773). As for mechanisms, females were at higher odds
than males for sustaining a TBI from falling
(OR = 2¢28; 95% CI 1¢128, 4¢607; 99% CI ¢904 −
5¢746), while males had higher odds than females for
5



Figure 2. Frequency of Traumatic Brain Injury Count.

Mechanism Number of TBI
Events

Percentage of T
TBI Events

Fall 79 45¢1
Assault 44 25¢1
Hit head on Object 23 13¢1
Hit by Object 10 5¢7
Pedestrian Accident 9 5¢1
Biking/Sports Related 6 3¢4
Motor Vehicle Accident 1 0¢6
Unknown 3 1¢7
Other 0 0

Total 175 100

Table 3: Mechanisms of Traumatic Brain Injury.
Note: *Self-reports of acute intoxication were obtained for 79 of the total 175 injuri

Figure 3.Mechanisms of Trau
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sustaining a TBI from assault (OR = 3¢18; 95% CI 1¢167,
8¢703; 99% CI ¢851, 11¢934; see Figure 3).

As indicted in Figure 4, exploratory binomial logistic
regression revealed associations with emergent TBI
occurrence (standard definition) as reported by partici-
pants during the screening year. These odds ratios and
their 95% CIs reveal that as education increased, the
odds for TBI lessened (see Figure 4, Block 1). In terms
of substance dependencies, participants with opioid
dependence were at higher odds for incident TBI than
those without (Block 2a), while other dependencies
appeared less crucial. Persons in this sample with
schizophrenia spectrum disorder, who often function
more poorly, had lower odds for TBI occurrence com-
pared to those without this disorder (see Block 2b).
otal Number in Context of
Drug Overdose

Number in Context of
Acute Intoxication

15 32

0 8

2 4

0 2

0 1

0 1

0 0

0 0

0 0

17 (of 175; 9¢7%) 48 (of 79*; 60¢6%)

es.

matic Brain Injury by Sex.
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Figure 4. Binomial Logistic Regressions of Variables Tested for Association with Traumatic Brain Injury Occurrence with 95% confi-
dence intervals.
Note: CI = confidence interval. a Adjusted for age, sex, and education. b N female = 87. Dep = dependence. c N = 129. d N = 59. e

N = 27. f N = 232. g N = 113. Schiz = schizophrenia. h N = 55. I N = 32. SIP = substance induced psychosis. j N = 47. k N = 42. l N = 170.
TBI = traumatic brain injury. m N = 108. n N = 50. MRI = magnetic resonance imaging. o N = 15. IQ = intelligence.
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Select neurological indicators were also notable. Partici-
pants with prior “lifetime” TBI histories showed higher
odds for incident TBI, and the odds for TBI increased
with each “lifetime” TBI reported (i.e., TBI count; Block
2c). Finally, as composite role functioning increased,
the odds for TBI lessened (Block 2d). See Supplement
D for number of individuals with TBI occurrence by
each variable tested for association. Note that after
applying 99% CIs to the data, interval bounds for select
OR that are highlighted above encompass one. Specifi-
cally, these indicators include the lower odds for TBI
associated with more education and the diagnosis of
schizophrenia disorders, and the higher odds associated
with TBI history and lifetime TBI count (see Supple-
ment E).
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Discussion
The current study, using rigorous ascertainment proce-
dures designed to capture TBI incidence and risks
www.thelancet.com Vol 44 Month February, 2022
comprehensively, revealed that TBI rates in these pre-
cariously housed persons were higher than those of past
reports. With a standard definition of TBI, the 31%
observed incidence proportion was 1¢6 to 1¢8 times
higher than that reported in other homeless and inse-
curely housed samples5 and several orders of magnitude
higher than a report derived from meta-analytically
compiled population-based studies.7 Importantly, stud-
ies often utilized administrative datasets and registries
for TBI acquisition, likely missing mild TBIs cases.
With bias-corrected imputation, our data indicates that
»51% of marginalized persons in the present sample
experience at least one TBI annually (i.e., estimated inci-
dence proportion). Given the screening duration, the
estimated event rate indicated that that »0¢91 events
occur for every person-year of observation.

Methodological improvements including proximal
and repeated screening for brain injury likely contribute
to these considerably higher self-reported TBI rates
than have been previously reported in homeless and
7
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housing-insecure samples. Existent research often
screens for head injury only annually without standard-
ized participant education. Such approaches likely miss
mild and temporally distal injuries, thereby underesti-
mating rates. The remarkably high TBI rates reported
here reveal an underappreciated community endemic,
warranting prioritization by health and research stake-
holders through prevention efforts.

The injury mechanisms revealed, and the odds ratios
for incident TBI, are germane to intervention
approaches going forward. In terms of mechanisms,
falls and assaults were frequently observed, with some
evidence of sex differences, i.e., more fall-related TBIs
in females and more assault-related TBIs in males. Opi-
oid dependence increased odds for TBI and schizophre-
nia disorders lessened the odds. Two particularly
concerning patterns were also apparent in exploratory
analyses. First, remote lifetime TBI histories increased
the odds for new occurrence and more lifetime TBIs
incremented the odds further. Second, poorer role func-
tioning conveyed higher odds for TBI, potentially indi-
cating a bidirectional pattern. Over time these two
patterns suggest a route for progressively acquired dis-
ability that emerges as functioning declines, presum-
ably with the accumulated TBI exposures.
Comprehensive educational and outreach approaches
could be developed to prevent possible debilitating
effects arising with the accumulation of TBIs. Manag-
ing health conditions, recognizing one’s life stage, and
providing choice and opportunity can improve an indi-
vidual’s role functioning.32 Such interventions warrant
further investigation.

There are several limitations that should be consid-
ered. In the acquisition of head injuries, we relied on
self-report, a method susceptible to the response biases,
limited insight, and memory errors. Although these
inherent problems plague all self-reports of TBI, their
impact here was likely mitigated by TBI education and
repeated screening at short intervals. Of note is that a
study subsample reliably reported critical injury details
ensuring that participants were consistent in several
aspects of event reporting. Second, participants received
small monetary honoraria after each screening and a
subset of participants received additional compensation
after undergoing a neurocognitive evaluation (not
reported here). This raises concern of false reports of
TBI to acquire compensation. Yet, we did not detect any
relevant variables associated with TBI reporting, sug-
gesting that compensation seeking was not at play. Fur-
ther, TBIs were often acquired in the context of acute
intoxication beyond typical use or overdoses, potentially
conflating substance-related effects with TBI-defining
features. Consequently, false positive errors and greater
severity designations because of contributory substance
effects might occur. When TBIs were reported with
insufficient self-reported recollection to provide a TBI
diagnoses, we mitigated false positive ascertainment
errors by requiring witness verification and/or observ-
able signs of trauma. Nonetheless, the veracity of TBI
reports is an intractable problem for this and similar
community-based research, given that reports might
often be conflated with brain dysfunction arising from
intoxication/substance use which could interact with
TBI-induced brain dysfunction. Future investigations
that critically operationalize criteria for TBI diagnosis
and characterization in persons with severe substance
use disorders would be beneficial. Finally, like other
reports directly investigating TBI incidence in homeless
or marginally housed participants, sampling was non-
random. Consequently, generalization of the results
should be cautiously considered. The incidence statis-
tics reported (i.e., observed and imputed) are estimates
of the true rate of TBI in the present community-based
sample, that shares demographic features with other
(non-random) samples from the same neighbourhood,
and in other Canadian cities.2 Our findings may be less
applicable to other populations comprised of unshel-
tered or emergency sheltered homeless persons. As
with all non-random studies, probabilistic analyses of
variables creating risk cannot be carried out.

Our understanding of TBIs in precariously housed
and homeless persons is limited, especially given the
apparent prior underestimates of its pervasiveness. The
current observations suggest that precariously housed
persons very frequently experience TBIs. Considering
that this population also experiences high rates of exis-
tent cognitive impairment, social and occupational dys-
function, and often a host of concerning
multimorbidities (e.g., psychiatric, neurological), the
remarkable TBI rates should serve as an impetus for
detailed investigation into their neurocognitive and
functional impacts. This is particularly true for the typi-
cal mild injuries, given their potential for cumulative
functional consequences.
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SPECIAL ARTICLE

Traumatic Brain Injury and Treatment of Behavioral
Health Conditions
John D. Corrigan, Ph.D.

Traumatic brain injury (TBI) is a common neurological
condition that results from an external force altering normal
brain function, whether temporarily or permanently. A
concussion is one type of TBI. TBIs vary greatly in severity,
which concomitantly creates tremendous variability in their
manifestation. The fingerprint of TBI is damage to the
frontal areas of the brain, which, with sufficient magnitude,
results in impairment of a person’s ability to regulate
cognition, emotion, and behavior. These consequences of
TBI make recognition in the context of treating behavioral
health conditions of utmost importance. TBI not only
causes behavioral health problems but also produces

associated deficits that can undermine the effectiveness
of treatment for a behavioral health condition. This over-
view delineates key characteristics of TBI and describes its
association with behavioral health conditions. Mechanisms
underlying the relationship between TBI and behavioral
health are presented, and a series of recommendations for
professionals are proposed. This article is intended to raise
awareness about TBI and simultaneously introduce key
concepts for accommodating the effects of TBI in behav-
ioral health care.
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In 2013, the most recent year for which U.S. data are available,
traumatic brain injury (TBI) resulted in 2.8million emergency
department visits, hospitalizations, or deaths (1), accounting
for almost 2% of similar medical encounters in the United
States. Among these encounters, approximately 89.3% of
patients (N=2.5 million) were treated and released from
emergency departments, another 10% (N=282,000) were
hospitalized and discharged alive, and approximately 2%
(N=56,000) died.The number of TBI-related emergency room
visits had increased bymore than 50% since 2007. Heightened
public awareness of TBI due to publicity about sports-related
concussions and TBIs incurred in combat in Iraq and
Afghanistan contributed to the increase in medically treated
TBIs. However, the greatest increase was in the rate of fall-
related TBIs among older adults.The annual cost to society of
neurological conditions was almost $8 billion, of which TBIs
accounted for more than 10% (2).The prevalence of disability
caused by TBIs is 1.1% amongU.S. adults, but when all sources
of long-term consequences are considered, the prevalence
rate is substantially higher (3, 4).

Although public awareness of TBI has shifted dramatically
since it was dubbed “a silent epidemic” in 1980, appreciation
of its effects has not garnered the attention of professionals
outside of rehabilitation. Particularly among behavioral health
specialists, a gap remains in knowledge about TBI, the
understanding of its implications for behavioral health
conditions, and active consideration of treatment implications.

This overview is intended as an initial attempt to summa-
rize the key elements of the disorder and to elucidate the
multiple points of convergence with behavioral health
concerns. These descriptions are followed by a very brief
presentation of possible mechanisms that underlie the
relationship between TBI and behavioral health concerns.
The final sections of this overview include recommenda-
tions based on clinical experience about how behavioral
health programs and professionals can better meet the
needs of their clients who also have had a TBI.

HIGHLIGHTS

• Traumatic brain injury (TBI) is prevalent among persons
with behavioral health problems.

• The fingerprint of TBI is damage to the frontal areas of
the brain, regardless of where the blow to the head
occurs.

• Damage to frontal areas cause cognitive and executive
functioning deficits that both increase the likelihood of
behavioral health problems and make treatment more
difficult.

• The behavioral health workforce needs to secure the
knowledge and skills to identify patients’ problematic
histories of TBI and accommodate the resulting
neurological effects in treatment.
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TBI is defined as follows:

An alteration in brain function, or other evidence of brain
pathology, causedbyanexternal force.External forces include
the head being struck by an object; the head striking an object;
the head accelerating or decelerating without direct external
trauma (as occurs in shaken baby syndrome); a foreign body
penetrating thebrain; or energygenerated fromevents such as
a blast or explosion. (5)

WHAT IS TBI?

A TBI is “an alteration in brain function, or other evidence
of brain pathology, caused by an external force” (5). The
requirement for TBI to be due to an external force clearly
separates it from other brain injuries that occur in the
prenatal period (e.g., cerebral palsy) or those with onset
after birth, such as injuries due to cerebral vascular
accidents (e.g., stroke), anoxia or hypoxia (e.g., when the
heart stops beating), or electrical shock. Furthermore, the
requirement that TBI include both an external force and
alteration in brain function distinguishes it from injuries to
the head alone, such as abrasions or contusions to the face or
scalp.The usefulness of distinguishing TBI from other types
of brain injury will become clearer when mechanisms for
the association with behavioral health conditions are
described below.

The effects of TBI vary greatly, ranging from a brief,
temporary disruption in thinking, which is experienced as
being dazed or confused, to being in a coma, during which the
brain is not able to respond reflexively to pain or other strong
stimuli. This range of effects parallels definitions of the
severity of the injury. Mild TBI includes being dazed or
confused or losing consciousness (i.e., knocked out) for up to
30 minutes (6). Moderate severity ranges from 30 minutes to
24 hours of lost consciousness, whereas severe TBI involves
being unconscious for more than 24 hours and generally
involves being in a coma (5).

Although the severity of the initial injury is a major
determinant of the eventual residual consequences, other
characteristics of the injury can influence effects, even when
the injury is mild. For instance, much attention has been given
to repeated mild TBI as it occurs in contact sports or during
combat. Although more questions remain than have been
answered, the actual number of injuries, and even the forces
exerted on the brain from multiple mild TBIs, may not
determine residual consequences as much as the time
between injuries does (7, 8). Incurring a second TBI, even if
mild, while the brain is still accommodating the first injury
may create vulnerabilities that underlie long-term effects (7).

Another circumstance in which mild TBIs may carry
greater consequence is childhood injury. Several studies have
observed later consequences from TBIs in very early life (9,
10), whereas other studies have suggested that onset during
adolescence has the greatest chance of creating later
consequences (11, 12). It is notable that childhood injuries
may be particularly responsible for adult behavioral health

problems, an observation that has additional support in
animal models (13, 14).

TBI AND BEHAVIORAL HEALTH PROBLEMS

There have been multiple reviews of the behavioral health
consequences that develop after TBI, including a recent
comprehensive investigation by Ponsford and colleagues (15).
Retrospective, cross-sectional, and prospective studies of TBI
cohorts were reviewed for major classes of behavioral health
conditions, including depression, anxiety, posttraumatic stress
disorder, psychotic spectrum disorders, and substance use
disorders.The authors compared rates among cohorts defined
by the occurrence of a medically treated, and typically more
severe, TBI with rates of psychiatric conditions in the general
population.

Weaknesses in this approach are beyond the scope of this
article, but the primary concern is the treatment of a selected
TBI as if it were the only injury in the person’s life. Indeed,
previous studies of persons with a TBI treated in a hospital
have found that TBI in childhood and early adulthood often
precede more severe injuries requiring higher levels of care
(16).This caveat aside, Ponsford and colleagues (15) concluded
that depression and anxiety disorders, as well as posttrau-
matic stress disorder, emerged at elevated rates soon after
injury. Preinjury behavioral health problems predisposed
individuals to postinjury diagnoses, but development of new-
onset affective disorders exceeded expectations. These inves-
tigators also concluded that the frequency of psychotic
spectrum disorders did not exceed what would be expected
in the general population, although this finding is at odds with
population-based studies, as described below. Because of the
high incidence of preexisting substance use disorders in injury
populations and because some of the most severely injured
individuals are prevented from resuming substance misuse,
the authors concluded that there was a decline in incidence,
which is also at odds with epidemiological studies that
account for TBIs across the life span (17).

Population-based studies examining behavioral health
disorders that occur after onset of a person’s first TBI suggest
that there are significant associations, although causality
cannot be ascertained. Sariaslan and colleagues (11) compiled
medical, behavioral health, and social service records for 1.1
million Swedish citizens born between 1973 and 1983, which
were subsequently accessed through 2013. All persons who
were medically diagnosed as having a TBI before age 25 were
evaluated for the likelihood of receiving any psychiatric
services or being hospitalized for a psychiatric diagnosis.
Comparedwith the general population, those with a history of
TBI were 37% more likely to receive psychiatric services and
69%more likely to be hospitalized than persons without TBI,
after controlling for gender, birth order, birth year, individual
and parental educational achievement levels, parental income,
parental lifetime criminal and psychiatric histories, and being
raised with a single mother as the head of household.When
these individuals were compared with siblings who did not
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have a TBI, the relative likelihood of receiving psychiatric
services or of being hospitalized declined only slightly to 31%
and 57%, respectively.

A population-based study in Denmark (18) analyzed
medical and psychiatric registry data for 1.4 million citizens
born between 1977 and 2000 and followed their cases until
2011. In total, 114,000 individuals had a hospital record for a
TBI and no previous psychiatric history. After the study
controlled for gender, age, year, presence of a family psychi-
atric history, epilepsy, infections, and autoimmune diseases,
those with a history of TBI were 65% more likely to receive
a diagnosis of schizophrenia, 59% more likely to receive a
diagnosis of depression, and 28% more likely to receive a
diagnosis of bipolar disorder.When individuals with a history
of TBI were compared with persons who had fractures that
did not involve the skull or spine, their likelihood of receiving
a diagnosis of schizophrenia or depression remained signif-
icantly higher. Thus, together, these large, population-based
studies indicate that multiple behavioral health problems are
associated with an early-life TBI, particularly in childhood
and as a young adult. Again, although causality cannot be
ascertained, the strength of the relationship while controlling
for multiple social factors and the greater association with
behavioral health problems than for individuals with ortho-
pedic injuries or uninjured siblings increases suspicion of a
causal relationship.

Multiple, large-scale studies of suicide have identified TBI
as a significant risk factor (19). Fazel and colleagues (20)
reported that, among 2.6 million Swedish citizens, those with
a history of medically attended TBI were more than three
times more likely to commit suicide compared with persons
with no history of TBI; when compared with uninjured
siblings, they were still more than twice as likely. A population
study of 7.4 million Danish residents found that those with a
history of TBI were more than 2.5 times more likely to
commit suicide compared with persons with no history of
TBI. If the TBI was severe, this likelihood rose to almost 3.5
times more likely (21). A review of electronic health records
from eight large U.S. health care systems found that
individuals with a diagnosis of TBI were almost nine times
more likely to commit suicide than other enrollees of similar
age, sex, psychiatric diagnosis, and history of substance use
disorder (22). No other medical condition had a higher
likelihood of suicide.

Corrigan and Adams (23) recently described how the
opioid epidemic created a “perfect storm” for persons with
TBI. Several studies of veterans have found that those with
TBI were more likely to be prescribed opioids than those
without TBI; as many as 70% of persons receiving inpatient
rehabilitation for a primary diagnosis of TBI received an
opioid during his or her hospital stay (24–27). Compounding
this greater likelihood of being prescribed an opioid is the
greater vulnerability to substance use disorder (14, 17),
including opioid misuse (28), and greater challenges in
substance use disorder treatment, as discussed below.Corrigan
and Adams (23) concluded that “clinical practitioners can

proactively mitigate potential opioid use problems by identi-
fying high risk populations, which we argue, includes
individuals with a lifetime history of TBI.”

WHY WOULD TBI CAUSE BEHAVIORAL
HEALTH PROBLEMS?

The fingerprint of TBI is that the frontal areas of the brain,
including the frontal lobes, are the most likely to be injured,
regardless of the location of the point of impact to the head.
Once there is enough force from a blow to the head, from
shaking, or from a blast to cause the brain to jiggle within the
cranial vault, then bony ridges on the undersurface of the skull
cause damage to the frontal lobes and anterior tips of the
temporal lobes (29, 30). Shearing and tearing of neuronal
pathways connecting the midbrain, basal ganglia, and pre-
frontal cortex also occur if there is sufficient force to the brain,
regardless of the actual point of impact (31). Thus, whether
because of contusion or shearing, and wherever else there
may be damage to the brain, there is also damage in the frontal
areas. The frontal lobes of the brain are essential to uniquely
human functions, including the executive functions that
regulate thinking, behavior, and emotional expression. These
functions include attention and processing speed, learning
and memory, problem solving, initiation, inhibition of
impulse, planning and organization, mental flexibility, and
self-awareness. Executive functions are essential to learning a
new skill, initiating behavior change, or regulating one’s
feelings and actions. It is worth noting that anoxic and
hypoxic brain injury, such as that which occurs in drug
overdoses or choking during intimate partner violence, also
cause weaknesses in executive functions (23).

Several groups of investigators have found evidence from
animal studies that TBI, particularly in childhood, may
predispose individuals to adult substance use disorders (14,
17). Karelina and colleagues (32) proposed that one mecha-
nism of this effect may be disruption of the dopaminergic
system during adolescence, a key period in its development.
Activity of the dopaminergic system is a well-known substrate
of substance use disorders (33). Although Weil and Karelina
(34) allowed that there can be direct damage to the neural
projections into the prefrontal cortex, they posited that amore
likely consequence is initial hyperstimulation of dopaminergic
function caused by the injury, followed by chronic suppres-
sion of dopamine expression persisting into adulthood. This
effect may parallel the suspected mechanism of vulnerability
to addiction caused by exposure to alcohol and other drugs
early in life.These investigators have also posited that, in some
cases, neuroinflammatory processes caused by the injury do
not return to normal levels, creating a cyclic effect whereby
neuroinflammation depresses dopaminergic function, which
increases the drive for alcohol, the consumption of which
increases neuroinflammation.

Weil and colleagues (17) concluded that strong evidence
from animal studies for an underlying mechanism, combined
with moderately strong evidence of an association in
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human epidemiologic studies, support the conclusion that
TBI occurring early in life can increase the incidence of
alcohol use disorders. Cannella and colleagues (14) came to
a similar conclusion with regard to adult substance use
disorders more broadly. They, too, posited that TBI in
adolescence has a key role in interrupting the development
of the dopaminergic system, resulting in adult predisposition
to addiction. This work provides substantial evidence for a
link between TBI and substance use disorders; however, the
effect of TBI may not be limited to addictive behaviors. Other
studies examining how persistent neuroinflammation inter-
acts with stress have concluded that neuroinflammation can
cause depression and anxiety and, possibly, psychotic spec-
trum disorders (35).

TBI IN TREATMENT OF BEHAVIORAL
HEALTH CONDITIONS

Persons with TBI often experience other medical conditions
as well as multiple behavioral health disorders (36). Common
health problems among persons with TBI include headaches
(37), fatigue (38), sleep disturbance (39), balance problems
(40), pituitary dysfunction (41), seizure disorders (42), and
vision abnormalities (43). These health problems typically
necessitate medication, often presenting additional con-
siderations when initiating pharmacologic treatment for a
behavioral health problem. Increased sensitivity to side
effects, such as sedation, may complicate the presence of
multiple medications and, in turn, may have a disproportion-
ate effect on alertness, cognitive function, and behavioral
control. Many of these comorbid medical conditions also will
be exacerbated by stress (e.g., headache, sleep disturbance,
seizure regulation), introducing additional complications
during times of crisis. A holistic approach to a client’s medical
presentation and, particularly, pharmacologic requirements
may be essential.

It is well established that persons with substance use
disorders and TBI are also quite likely to be experiencing
other psychiatric conditions. Several years ago, a study was
conducted in one state’s substance use disorder system in
which all clients statewide entering treatment during a 1-year
period were screened for a lifetime history of loss of
consciousness due to TBI (44). For the almost 8,000 clients
screened, as the number of TBIs increased, so did the
likelihood of having mental health conditions, including
affective disorders, suicidal behavior, and hallucinations, and
of being on a prescription medication for a psychiatric
diagnosis. Multiple studies before and since have confirmed
these findings (45–48). Consistent with this relationship,
studies have found that persons receiving treatment for
co-occurring severe mental illness and substance use disor-
ders tend to have a high prevalence of TBI: 60% of clients in a
study of largely homeless recipients of treatment for
co-occurring conditions had at least one TBI with loss of
consciousness in their lifetime (49). Despite the marked
morbidity in this population, those with a history of TBI had

worse psychiatric symptomatology and greater likelihood of
co-occurring personality disorders and posttraumatic stress
disorder. More than 70% of treatment recipients in a rural
program for co-occurring disorders had at least one TBI with
loss of consciousness (50). In this cohort, personality
disorders were significantly more likely among those with
TBI.

A study of patients enrolled in one integrated treatment
program for co-occurring disorders found that clients with a
history of TBI were as likely to benefit from enrollment as
clients without such a history (50). However, professional
staff expressed lower prognostic expectations for clients with
a TBI history if the programmatic structure was removed.
Staff unaware of the clients’ history of TBI identified a greater
need for ongoing community supports among those with a
positive history. Although it is good practice to identify what
elements of a person’s environment—social and physical—may
enhance or impede improvement, this evaluation is essential
for personswith TBI. Explicitly addressing these influences in
treatment planning and identifying long-term natural sup-
ports that will assist with sustaining positive change must be
incorporated into the treatment approach.

The corollary to the greater influence of the external
environment is the recognition that clients with a history of
TBI will also be more susceptible to internal states that
enhance or detract from successful behavior change. For
instance, a recent study of methamphetamine-induced crav-
ings found that the effectiveness of naltrexone increased with
diminished higher-level thinking skills (51). The practical
implications for behavioral health care are that medication-
based treatments may be even more important. Furthermore,
more time will be required to weaken stimulus-response
patterns and consolidate healthy lifestyle changes. Although a
review of pharmacologic approaches to treatment of behav-
ioral health conditions is beyond the scope of the present
article, clients with TBI who have behavioral health
conditions for which there is evidence of pharmacologic
benefit should be given the opportunity of a trial (52).

WORKFORCE IMPLICATIONS

The unique fingerprint of TBI described earlier makes clear
that this condition has a significant interaction with the
occurrence, manifestation, and recovery from behavioral
health disorders. A pressing policy implication is to improve
the skill set of the behavioral health workforce to better
identify the presence of TBI and be able to respond to
common neurologic impairments. Specific skills are the ability
to screen for a history of TBI as a routine component of initial
evaluations; recognize the behavioral consequences of TBI;
and accommodate executive functioning weaknesses in com-
munication, relationship building, and treatment planning.

Minimally, TBI is a condition that requires identification
by behavioral health professionals. Several brief, easy-to-use,
reliable, valid, and standardized methods are available for
eliciting a client’s lifetime history of TBI (53). Screening
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techniques can be taught in 1-hour training sessions. Free
training sessions are available online. Specific techniques,
most of which are also available at no cost, can require as little
as 3–5 minutes to administer (53). Identification underpins
the ability to accommodate the effects of TBI; thus, every
behavioral health professional should know the extent of a
client’s lifetime exposure to TBI as one critical component of
client history.

Perhaps the single most important implication of TBI for
treatment of behavioral health conditions is that professionals
recognize neurobehavioral deficits that can arise from
impairment to executive function and accommodate these
weaknesses in their treatment planning and execution.
Among several specific issues to address is recognition of
the “cognitive load” that some treatments require. What is
expected from the treatment approach in terms of new
learning—facts, rules, or routines? How can a clinician assist a
client with TBI who may have attention or memory problems
in acquiring this information and recalling it when needed? Is
orally presented information reinforced with written materi-
als? Is the environment noisy or busy and, thus, a source of
distraction for a client with problems sustaining attention?
How long are treatment activities,whether individual sessions
or groups, and do they accommodate a person with a limited
attention span? Is information presented or discussed at a
pace that allows someone with slower information-processing
abilities to stay abreast? Although much treatment of behav-
ioral health conditions relies on group interventions, pro-
fessionals must ensure that the structure and content remain
accessible to all group members, especially those with relative
weaknesses in concentration, learning, and memory.

Another consequence of not recognizing that client
behavior may arise from neurological deficits is misattribution
of a client’s behavior by both peers and professionals. For
instance, a client with a TBI who is unaware that she or he
talks too much in group may elicit the conclusion from a peer
that “she thinks her problems are more important than mine”
or “he’s just trying to waste our time.” Clinicians, like most
people, tend to assume that individuals recognize the impact
of their behavior on others, but clients with a history of
TBI that has altered their social cognition may not have
this awareness. The negative misattribution arises from the
assumption that the client is persisting with the behavior
despite its impact on others. Another common misattribution
among professionals is to assume that treatment non-
compliance reflects a client’s motivation to change. For a
person with a history of TBI, a late arrival or missed
appointment could just as easily result from poor memory,
organization, or planning as it can from low commitment to
treatment. The source of noncompliance must be evaluated
before a conclusion is reached or a consequence is deter-
mined. When noncompliance arises from executive function
weaknesses, the relationship with a treating professional will
be better served by problem solving to figure out a compen-
satory strategy than by a consequence that presumes low
motivation.

The accommodations to treatment suggested here reflect
broad principles that are known to enhance treatment in
general and are likely to also benefit clients who have not had
TBIs. Examining our treatment procedures and settings to
identify how cognitive weaknesses might be barriers to
treatment will benefit many clients in community programs.
Recognizing that not all behavior is a function of motivation
but can sometimes arise from neurological deficits is a needed
insight in professional practice. Many clients in community
programs have multiple medical and behavioral health
conditions. Thinking and treating holistically will benefit
complicated cases; recognizing that TBI is a source of
complication is a positive step. Finally, thinking more
systematically about howwe can support insight with positive
internal and external influences is best practice, regardless of
a client’s risk factors.

DISCUSSION

A TBI is damage to the brain caused by an external force.
Although it is most common for the head to be struck by or
against an object, being shaken violently or exposed to an
explosion can also cause a TBI.The general public now knows
that TBI and concussions exist, although they may not know
that a concussion is a TBI. Because of the public’s poor
understanding, it is incumbent upon professionals to deter-
mine whether a client has a sufficient history of TBI such that
he or she may be experiencing consequences that will affect
the treatment process. This expectation of professionals is
particularly salient among behavioral health professionals. It
is reasonable to expect that half of the adult clients treated in
community mental health programs will have had at least one
TBI with loss of consciousness in their lifetime, and one in six
will have had a moderate or severe TBI (47). Both rates are
more than twice what would be expected among non-
institutionalized adults.

The high prevalence of TBI in behavioral health settings
alone should be reason for improving our ability to recognize
it among our clients. Furthermore, themagnitude of increased
risk for suicide and the confluence with the opioid epidemic
also shouldmotivate us to better identify clients with a history
of TBI. However, as briefly described in this article, the
connection with behavioral health does not stop with
vulnerability; the proclivity for damage to the frontal areas
of the brain interacts with our treatment approaches such that
treatment is less effective for these clients.

The fingerprint of TBI is damage to the frontal areas of the
brain, which impairs executive functions that regulate think-
ing, behavior, and emotional expression and that are critical to
success in treatment. A follow-up investigation to Project
MATCH (Matching Alcoholism Treatments to Client
Heterogeneity) found that persons with cognitive impair-
ments such as those described in this article were more
likely to prematurely terminate treatment and are often
classified as noncompliant (54). Treatment termination was
often preceded by low expectations for benefiting from
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treatment,which is often evident clinically when the cognitive
demands of treatment exceed a client’s capabilities. It is also
plausible that misattribution of motives by peers and
professionals undermines the expectation of benefit from
treatment.

The recommendations made here for workforce training
are derived from evidence and are suggested as best practices
that can make systemic improvements in the treatment of
persons with TBI and behavioral health conditions. The
recommendations have low potential for iatrogenic effects.
Clinical experience indicates that identifying a history of TBI
is viewed positively by most clients, who often express
sentiments such as, “At least I’m not dumb” or “I thought I
was just bad.” Identification often increases motivation to
make changes while allowing professionals to implement the
other recommendations.

Additional research is needed on the interaction between
TBI and behavioral health. Continuing to study the underly-
ing mechanism between injury and vulnerability has the
potential to result in the discovery of new treatments to either
prevent or ameliorate the underlying source of risk.There are
multiple opportunities to study how proven behavioral health
interventions may need to be modified to better serve persons
with TBI. Research on screening and brief intervention for
persons with TBI is a case in point that demonstrates how
treatment can be improved (55, 56). Medication-based
treatment would seem to be a high-priority area for under-
standing how TBI may affect proven approaches. Evaluation
research is also needed to confirm that the skills that will be
needed among behavioral health professionals can be con-
veyed through training and that outcomes actually improve as
a result.

TBI poses a substantial public health burden. As indicated,
the annual cost of TBI to society is estimated to approach $1
billion (2) but is certainly substantially higher (3, 4). A better
understanding of howmild TBIs in childhood can affect adult
health and behavior could cause this estimate to skyrocket. As
an example, Sariaslan and colleagues (11) estimated that the
population-attributable fraction (the proportional reduction
in morbidity that would occur if a risk factor were eliminated)
was 5.5% for psychiatric hospitalizations and 3.1% for any
psychiatric visit. These implied costs to society are reason
enough for behavioral health care to systematically address
TBI, but the potential benefit for a substantial portion of
clients is even more compelling.

Among behavioral health providers who treat persons with
TBI, it is recognized that the disconnect between the
intention to change behavior and success in doing so is even
greater than for clients without a history of TBI. Whereas
most treatments start by seeking insight into the need to
change behavior, behavioral health care also recognizes the
importance of a person’s social environment in encouraging
and sustaining changed behavior, the role of internal states
(impulses, drives, stress) in improving the chances of
successful change, and the critical role that sustaining
changed behavior plays in consolidating treatment gains.

CONCLUSIONS

TBI occurs when brain function is disrupted by an external
force to the head. It is prevalent in society and even more
common among persons with behavioral health problems.
This association is evident for affective, psychotic spectrum,
and substance use disorders. Regardless of where the blow to
the head occurs, the fingerprint of TBI is damage to the
frontal areas of the brain,which frequently results in impaired
cognitive abilities and higher-level executive functioning
deficits. These deficits reduce success in treatment for people
with a sufficient history of TBI. The behavioral health
workforce needs additional knowledge and skills to improve
outcomes for this population, including the ability to identify
problematic histories of TBI and to accommodate neurolog-
ical deficits in treatment.
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Preface

Brain Injury and Intimate Partner
Violence

Angela Colantonio, PhD, OT Reg. (Ont.); Eve M. Valera, PhD

We wish to thank Dr John Corrigan for the invita-
tion to orchestrate this topical issue on brain injury
(BI) resulting from intimate partner violence (IPV).
The articles in this issue address a long-neglected gap
in research, education, and practice in both the IPV
and BI literature. We include articles on traumatic
brain injury (TBI) caused by external forces to the
head and also potential hypoxic-ischemic brain injuries
(HIBIs) from strangulation assaults. With 1 in 3 women
globally reporting physical or sexual IPV, and up to
92% of blows being to the head, face, or neck,1 it is
imperative that practitioners, decision/policy makers,
and affected women be aware of this co-occurrence of
IPV and BI and have access to necessary supports. IPV
has been called the “shadow” or “parallel pandemic” to
COVID-19, with BIs from IPV being recognized as a sig-
nificantly increased concern now and for the foreseeable
future.2,3 Furthermore, addressing violence and abuse
among women with TBI has been identified as a research
and practice priority including among women with lived
experience of TBI and IPV.4,5 As such, the importance
of the articles in this issue of the Journal of Head Trauma
Rehabilitation (JHTR) should be particularly apparent
as they highlight a range of topics pertaining to IPV-
related BI, including prevalence data, clinical character-
istics, and correlates, promising/tailored interventions
as well as health systems data with national policy
relevance.
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UNDERSTANDING CHARACTERISTICS AND
OUTCOMES OF NONFATAL STRANGULATION

This issue describes characteristics and correlates of
nonfatal strangulation. We start with this to stress the
importance of recognizing the potential of acquired
BIs, or HIBIs, occurring from a strangulation assault.
First, Bergin and colleagues6 recount information from
women presenting for care to a community-based
emergency department. Victims of nonfatal strangula-
tion most commonly reported not only symptoms of
neck pain and headaches but also signs of more severe
injury such as loss of consciousness, dysphagia, and
dysphonia. In addition, Valera and colleagues7 provide
the first report of assessment of strangulation-related
alterations in consciousness and relate them to objective
measures of cognitive and psychological functioning.
The data show relationships between a history of
strangulation-related alterations in consciousness and
working memory, long-term memory, depression, and
posttraumatic stress symptoms.7

INCREASING OUR UNDERSTANDING OF
NEUROBEHAVIORAL SYMPTOMS IN BOTH
SURVIVORS AND PERPETRATORS

To further understand symptoms of women from a
lifetime of trauma perspective, Saadi and colleagues8

examined the relations between child abuse and an
IPV-related BI score reflecting neurobehavioral out-
comes. They show that childhood trauma is positively
associated with emotional and somatic neurobehav-
ioral symptoms independent of BI; furthermore, they
found that BI is positively associated with cognitive
neurobehavioral symptoms in women who had experi-
enced IPV-related BI. These data underscore the need
to consider neurobehavioral symptoms in the context
of the entire life experience of women rather than
isolated to outcomes of BIs. Examining perpetrators
of IPV, Portnoy and colleagues9 found that persis-
tent postconcussive symptoms significantly predicted
IPV perpetration after controlling for other common
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predictors. These data highlight the importance of
evaluating and addressing postconcussive symptoms to
decrease the risk of IPV perpetration.

UNDERSTANDING NEUROIMAGING
CORRELATES OF IPV-RELATED BI

Adding to the growing number of IPV-related neu-
roimaging articles,10–12 Likitlersuang and colleagues13

conducted a pilot study that included groups of women
who have sustained either IPV-related or other trauma-
related TBI. Their data suggest that there may be effects
on cortical thickness depending on whether TBIs were
from IPV or other types of trauma.

PREVALENCE OF IPV-RELATED BI

Offering a global perspective, this issue presents novel
contributions concerning the prevalence of IPV-related
BI in 3 countries. Manoranjan and colleagues14 report a
high suspicion of lifetime IPV-related TBI among 29%
of adult women presenting to an Acquired Brain Injury
Clinic in Ontario, Canada, with confirmed or suspected
concussion. Gabbe and colleagues15 compared out-
comes of major trauma patients with IPV-related BI with
other interpersonal violence–related BI captured by a
population-based statewide trauma registry in Australia.
The findings reveal a higher proportion of IPV-related
major traumas in women, with more severe and poorer
long-term outcomes, including employment, than in
persons affected by other types of violence.15 Finally,
Saleem and colleagues16 report on IPV-related TBI from
a New York Community Justice Center. Although all
women who reported IPV had sustained a partner-
related BI, only 40% of these women screened positive
on a common BI screener (the HELPS). The authors
noted that refugee status was associated with the num-
ber of IPV-related BIs, highlighting the importance of
carefully assessing for BIs in this population.

ADDRESSING THE IMPACT OF IPV ON BOTH
SERVICE USERS AND PROVIDERS DURING
COVID-19

Two studies addressed the impact on service users and
providers of IPV during the COVID-19 pandemic—one
study from the perspective of survivors, executive direc-
tors/managers, frontline workers, and employer/union
representatives,17 and the other from an emergency sum-
mit that involved a diverse set of stakeholders from
a national IPV-TBI Knowledge to Practice Network.18

These studies report increased rates and severity of IPV,
increased risks and complex challenges to mental health
for service providers, as well as impact on employment
for survivors. Key priorities identified include flexibility
and adaptability of services through the use of technol-
ogy; increased outreach; trauma-informed, anti-racist,

equitable systems of care; the need for cross-pollination
of knowledge between disciplines; and integrated and
coordinated care at the system level. IPV-TBI resource
materials from the summit are available in the Abused
and Brain Injured Toolkit (www.abitoolkit.ca).19

PROMISING NEW DEVELOPMENTS IN
PROGRAMMING AND KNOWLEDGE
TRANSFER

Finally and critically, this issue highlights the impact
of a promising health advocacy intervention, CARE
(Connect, Acknowledge, Respond, and Evaluate),20

revealing improvements in agencies’ and advocates’
provision of instructional and functional social sup-
port to survivors of IPV-related BI. Survivors increased
their knowledge, personal validation, and agency. These
tools can be downloaded from the Centre for Part-
ner Inflicted Brain Injury website (www.odvn.org/brain-
injury). Also, a letter by Katherine Snedaker21 of Pink
Concussion (www.pinkconsussions.com) provides in-
formation about the Partner Inflicted Brain Injury (PIBI)
task force created in 2018. The task force meets monthly
and serves as a focal point for professional education
and networking that has led to collaborative research
and knowledge transfer activities.21

We are very excited about this issue and extend sincere
gratitude to all the contributors, the JHTR editorial
board, and the reviewers for making this possible. The
articles are highly relevant to the rehabilitation field as
persons with disabilities, including persons with BI, are
at risk of IPV and victimization. Women, in particular,
have reported susceptibility to violence and abuse22 and,
unfortunately, are often overlooked in the context of
recognizing BI in IPV survivors. We are optimistic that
the articles in this issue will further the field and prepare
the way for additional research that will expand knowl-
edge of IPV-related BI to other marginalized groups (eg,
transgender women) yet to be examined.
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Association Between Self-Reported
Disability and Lifetime History of
Traumatic Brain Injury With Loss of
Consciousness Among Veterans and
Nonveterans in North Carolina
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Background: Compared with civilians, service members and veterans who have a history of traumatic brain injury
(TBI) are more likely to experience poorer physical and mental health. To investigate this further, this article
examines the association between self-reported history of TBI with loss of consciousness and living with 1 or more
current disabilities (ie, serious difficulty with hearing, vision, cognition, or mobility; any difficulty with self-care
or independent living) for both veterans and nonveterans. Methods: A cross-sectional study using data from the
North Carolina Behavioral Risk Factor Surveillance System for 4733 veterans and nonveterans aged 18 years and
older. Results: Approximately 34.7% of veterans residing in North Carolina reported having a lifetime history of
TBI compared with 23.6% of nonveterans. Veterans reporting a lifetime history of TBI had a 1.4 times greater risk
of also reporting living with a current disability (adjusted prevalence ratio = 1.4; 95% confidence interval, 1.2-1.8)
compared with nonveterans. The most common types of disabilities reported were mobility, cognitive, and hearing.
Conclusions: Compared with nonveterans, veterans who reported a lifetime history of TBI had an increased risk
of reporting a current disability. Future studies, such as longitudinal studies, may further explore this to inform
the development of interventions. Key words: brain injury, cognition disorders, concussion, neurologic disorders, traumatic
brain injury
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SUSTAINING A TRAUMATIC BRAIN INJURY
(TBI) of any severity level is associated with an

increased risk of having a short- or long-term disability
among both civilians and veterans.1,2 However, com-
pared with civilians, service members and veterans who
have a history of TBI are more likely to experience
poorer physical and mental health (eg, depression, post-
traumatic stress disorder [PTSD]) that may affect not
only their ability to perform daily activities but also
their overall quality of life.3–5 Currently, estimates of
the prevalence of TBI-related disability among veterans
and civilians living in the United States have been
challenging to obtain because of the lack of a na-
tional surveillance system.1 A study by Selassie and
colleagues,6 published in 2008, estimated that almost
125 000 Americans per year who are hospitalized for a
TBI will experience long-term disability and will likely
need rehabilitative care. Furthermore, Zaloshnja and
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colleagues7 estimated that 1.1% of the US civilian pop-
ulation were living with a long-term disability from TBI
at the beginning of 2005. These estimates are extrapo-
lations of state-based data on hospital discharge records
and are more than a decade old. Thus, recent changes
in TBI morbidity among the civilian population, such
as increases in TBIs among older adults and from self-
harm,8 as well as the military conflicts from 2005 to
2018 that increased the proportion of veterans living
with TBI,9 are not accounted for in these estimates. Lack
of current data on disabilities among both civilians and
veterans with a history of TBI inhibits the development
of targeted public health programs and services for peo-
ple living with TBI.

While a causal relationship cannot be determined,
survey data obtained from states that administrated
questions on TBI in the Behavioral Risk Factor Surveil-
lance System (BRFSS) allow for an examination of the
relationship between lifetime history of TBI and living
with a current disability.10 Using data from the 2014
Ohio BRFSS, Corrigan and colleagues10 found that
adults with a history of TBI with loss of consciousness
(LOC) were more likely to report a current disability
than adults with no history of TBI with LOC. This
relationship strengthened as the number of TBIs or
the severity level of the worst TBI increased.10 Using a
similar methodology, this exploratory article examines
the association between self-reported history of TBI with
LOC and living with 1 or more current disabilities
(ie, serious difficulty with hearing, vision, cognition, or
mobility; any difficulty with self-care or independent
living) among residents in North Carolina using data
from the 2018 North Carolina BRFSS. However, this
article expands upon previous findings by also reporting
the association of lifetime history of TBI with LOC,
hereafter referred to as lifetime history of TBI, and
current disability among veterans who reside in the
state.

METHODS

Study population

The BRFSS11 is an annual, population-based repre-
sentative telephone survey of noninstitutionalized US
adults, aged 18 years and older in each state and the
District of Columbia. The BRFSS collects informa-
tion pertaining to health-related conditions and health
behaviors. The BRFSS employs a complex sampling
design12; it uses a disproportionate stratified sample
design for respondents who complete the survey by
landline and a random sample design for those who
complete the survey by cell phone. The BRFSS also
uses iterative proportional fitting to weight the data.
The BRFSS data are de-identified and are considered

exempt from human subjects review by the Centers for
Disease Control and Prevention’s (CDC’s) Institutional
Review Board. Analyses for this study used data from
only North Carolina BRFSS respondents. The TBI-
related questions were included as part of an optional
module that was administered by a small number of
states. It was not possible to combine data from the
states that administered the optional TBI module in
2018, as the optional TBI module varied between states.
In 2018, the entire sample in North Carolina (n =
4733) completed both the core sections of the BRFSS
and the TBI module for a response rate of 43.5%
(see Figure 1). For comparison, the median response
rate among states/territories for the overall BRFSS
is 49.9%.

Lifetime history of TBI with LOC

The TBI optional module is a modified version of the
Ohio State University TBI Identification Method (OSU
TBI-ID)13 that included questions on lifetime history
of TBI with LOC. After completing the core sections
of the BRFSS, the TBI module was administered along
with other state-added modules. For the TBI module, all
respondents received the following prompt:

For these next questions, please think about injuries you have
had during your entire lifetime, especially those that affected
your head or neck. It might help to remember times you went
to the hospital or emergency room. Think about injuries you
may have received from a car or motorcycle wreck, bicycle
crash, being hit by something, falling down, being hit by
someone, playing sports or an injury during military service.

This prompt was followed by the questions “Thinking
about any injuries you have had in your lifetime, were
you ever knocked out or did you lose consciousness?”
Responses to this first question were dichotomized as
yes/no. If respondents answered “yes” to the first ques-
tion, they were then asked, “What was the longest time
you were knocked out or unconscious?” Three answer
choices, which may be used to determine TBI severity
level, included the following: less than 30 minutes, be-
tween 30 minutes and 24 hours, and 24 hours or longer.
Because of sample size, responses used to determine TBI
severity level were dichotomized as mild (<30 minutes
of LOC) or moderate/severe (≥30 minutes of LOC).
In addition, the respondents who answered “yes” to
the initial TBI question were then asked, “How old
were you the first time you were knocked out or lost
consciousness?”

Living with a current disability

The United States Department of Health & Human
Services recommends the inclusion of 6 questions in the
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Figure 1. STROBE diagram of the statistical analysis of the respondents from the 2018 North Carolina BRFSS. TBI indicates
traumatic brain injury.

BRFSS to estimate the prevalence of people living with
a disability.14 Current disability status was measured
by combining these 6 questions from the core section
of the 2018 North Carolina BRFSS. Before asking
the questions on disability, the participants were told:
“The following questions are about health problems
or impairments you may have.” The 6 questions on
disability included the following: (1) “Some adults who
are deaf or have serious difficulty hearing may or may
not use equipment to communicate by phone. Are
you deaf or do you have serious difficulty hearing?”
(hearing disability); (2) “Are you blind or do you have
serious difficulty seeing, even when wearing glasses?”
(vision disability); (3) “Because of a physical, mental,
or emotional condition, do you have serious difficulty
concentrating, remembering, or making a decision?”
(cognitive disability); (4) “Do you have serious difficulty
walking or climbing stairs?” (mobility disability); (5)
“Do you have difficulty dressing or bathing?” (self-care
disability); and (6) “Because of a physical, mental, or
emotional condition, do you have difficulty doing
errands alone such as visiting a doctor’s office or
shopping?” (independent living disability). Disability
status was dichotomized as yes if respondents answered
“yes” to any of these 6 questions and no if respondents
answered “no” to all 6 disability questions. An analysis
was conducted to determine the association between
each type of current disability and history of TBI among
all individuals in North Carolina and between veterans
and nonveterans with a lifetime history of TBI. In
addition, to assess the presence of multiple disabilities
that may indicate the need for specialized care, the
number of disabilities was calculated by summing
across any yes responses to any of the 6 disabilities and
categorized into a binary variable (1 or 2 or more).10

Veterans and nonveterans with a lifetime
history of TBI

As mentioned, a secondary analysis was conducted to
determine the association between each type of current
disability and number of disabilities among veterans
and nonveterans with TBI. The variable “veterans ver-
sus nonveterans with a lifetime history of TBI” was
dichotomized as veterans if respondents answered “yes”
to the veteran status and lifetime history of TBI question
and nonveterans if respondents answered “no” to the
veteran status and “yes” to the lifetime history of TBI
question.

Statistical analysis

Descriptive and bivariate statistics were calculated
to describe the demographic characteristics (sex, age,
race/ethnicity, marital status, educational attainment,
employment status, and federal poverty level15) and
differences of North Carolina veteran and nonveteran
adults (see Table 1). These statistics were limited to
those who answered “yes” or “no” to the question on
lifetime history of TBI. Bivariate statistics were calcu-
lated to determine which demographic characteristics
and TBI variables (“lifetime history of TBI,” “TBI sever-
ity,” and “veterans vs nonveterans with lifetime history
of TBI”) were associated with the disability outcomes
(see Supplemental Digital Content Table 1, available
at: http://links.lww.com/JHTR/A495). Demographics
that were not the main predictors of interest (the TBI
variables) and were associated with the disability out-
comes were added as covariates in the final model.
The bivariate statistics were also limited to those who
answered the question on lifetime history of TBI and
the respective disability question(s). To determine the
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association between the TBI variables with disability
outcomes, logistic regression with predicted marginals16

was used to create models and adjusted for the de-
mographic characteristics that were significant in the
bivariate tests found in Supplemental Digital Content
Table 1, available at: http://links.lww.com/JHTR/A495.
Furthermore, confounding was assessed using a change
in parameter estimate of 10%17,18 when the model was
run with and without suspected confounders. Suspected
confounders were variables that were associated with the
main predictors of interest (the TBI variables). The final
multivariable binomial logistic regression models were
formed from variables that either had a significant asso-
ciation (P ≤ .05) with the outcome or resulted in at least
a 10% change of the parameter estimate (see Figure 2).
Associations are presented as adjusted prevalence ra-
tios (APRs). In addition, multicollinearity between the
demographic characteristics was assessed for each mul-
tivariable binomial logistic regression model. Separate

analyses were conducted for each of the disability out-
come variables (disability status, disability type, and
number of disabilities). The significance level of the tests
was set at α = .05. All analyses were performed in SAS
9.4 (SAS Institute, Cary, North Carolina) and SUDAAN
version 11.0.0 (Research Triangle Institute, Research Tri-
angle Park, Cary, North Carolina), taking the complex
survey design into account and incorporating the design
weight, strata, and the primary sampling unit.

RESULTS

Of the 4686 respondents in the survey, 3570 (76%)
answered the lifetime history of TBI question. Respon-
dents who did not answer this question compared with
those who did were different on all demographic charac-
teristics (except for marital status), as well as the reported
outcome disability variables (data not shown). A higher
percentage of those who answered were female, older,

Figure 2. Adjusted prevalence ratio and 95% CI for the relationship between history of traumatic brain injury with loss of
consciousness and living with a current disability—North Carolina Behavioral Risk Factor Surveillance System, 2018. aOutcome
adjusted for age, veteran status, marital status, education, employment, and federal poverty level. bOutcome adjusted for age,
veteran status, education, and employment. cOutcome adjusted for age, marital status, education, employment, and federal
poverty level. dOutcome adjusted for marital status, education, employment, and federal poverty level. eOutcome adjusted for
sex, age, veteran status, marital status, education, employment, and federal poverty level. fOutcome adjusted for sex, age, marital
status, education, employment, and federal poverty level. gOutcome adjusted for age, race/ethnicity, marital status, employment,
and federal poverty level. hOutcome additionally adjusted for race/ethnicity due to the variable being a confounder that resulted
in at least a 10% change of the parameter estimate. iOutcome additionally adjusted for sex due to the variable being a confounder
that resulted in at least a 10% change of the parameter estimate. LOC indicates loss of consciousness; TBI, traumatic brain injury.
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had some college education, were out of work or un-
able to find work or were a homemaker or student or
retired, less than 200% or less of the federal poverty-
level income, were non-Hispanic White, nonveterans,
had a higher percentage of any disability and disabilities
in cognition, hearing, independent living, mobility, self-
care, and vision, and had a greater number of disabilities.

Demographic characteristics among veteran
and nonveteran residents in North Carolina

There were significant demographic differences be-
tween veterans and nonveterans. For example, a higher
percentage of veterans than nonveterans were male,
non-Hispanic Black, married, had some college, were
homemakers/students/retired, and had an income that
was 200% of the federal poverty level and higher. The
mean age of veterans was also significantly higher than
the mean age of nonveterans (see Table). Among vet-
erans residing in North Carolina, approximately 34.7%
reported having a lifetime history of TBI compared
with 23.6% of nonveterans. Approximately 41.6% of
veterans and 29.8% of nonveterans in North Carolina
self-reported living with 1 or more disabilities at the time
the survey was administered. Among veterans, the most
common type of disability was mobility- (21.9%), fol-
lowed by hearing- (19.1%) and cognitive- (16.8%) related
disabilities. However, for nonveterans, the most com-
mon disabilities included mobility (16.1%), followed
by cognitive- (12.5%) and independent living– (8.3%)
related disabilities. Among those reporting a disability,
approximately the same percentage of veterans reported
living with 1 (50.1%) as with 2 or more (49.9%) cur-
rent disabilities. Nonveterans with a disability reported
similar percentages (1 disability = 53.0%; 2 or more
disabilities = 47.0%).

Association between lifetime history of TBI and
living with a current disability among residents of
North Carolina

The prevalence of disability among those with a
lifetime history of TBI was 42.6% while the preva-
lence of disability among those who did not have
a lifetime history of TBI was 27.3% (see Sup-
plemental Digital Content Table 1, available at:
http://links.lww.com/JHTR/A495). After adjustment
for demographic and/or confounding factors that were
significantly associated with having a disability (see
Supplemental Digital Content Table 1, available at:
http://links.lww.com/JHTR/A495), lifetime history of
TBI among all residents of North Carolina was associ-
ated with increased risk of having any disability (APR =
1.6; 95% confidence interval [CI], 1.4-1.7) (see Figure 2).
Among all residents of North Carolina who had a life-
time history of TBI, there was an increased risk of having

a disability related to hearing (APR = 1.7; 95% CI, 1.3-
2.2), vision (APR = 1.9; 95% CI, 1.3-2.6), cognition
(APR = 2.3; 95% CI, 1.8-2.8), mobility (APR = 1.5;
95% CI, 1.3-1.8), self-care (APR = 1.9; 95% CI, 1.3-
2.8), and independent living (APR = 2.2; 95% CI,
1.6-2.9) compared with residents who did not have a
lifetime history of TBI. In addition, among all residents
of North Carolina, having a lifetime history of TBI was
also associated with a greater number of disabilities (2 or
more vs 1: APR = 1.3; 95% CI, 1.1-1.5) compared with
those without a lifetime history of TBI.

After adjustment for demographic and/or confound-
ing factors that were significantly associated with having
a disability (see Supplemental Digital Content Table
1, available at: http://links.lww.com/JHTR/A495), TBI
severity was not associated with overall disability status
(APR = 1.2; 95% CI, 0.95-1.5). However, having a
lifetime history of a moderate/severe TBI was associated
with increased risk of having a disability related to vision
(APR = 1.8; 95% CI, 1.1-3.1), cognition (APR = 1.6;
95% CI, 1.2-2.2), and mobility (APR = 1.4; 95% CI,
1.03-1.8) compared with individuals having a lifetime
history of mild TBI (see Figure 2). Neither the bivariate
association between TBI severity and having a disabil-
ity related to hearing, self-care, and independent living
nor number of disabilities was statistically significant
(see Supplemental Digital Content Table 1, available at:
http://links.lww.com/JHTR/A495); thus, no multivari-
able modeling was conducted for these variables.

Associations between lifetime history of TBI
and veteran status with current disability

The prevalence of disability among veterans with a
lifetime history of TBI was 52.2% while the prevalence
of disability among nonveterans with a lifetime history
of TBI was 40.8% (see Supplemental Digital Content
Table 1, available at: http://links.lww.com/JHTR/A495).
After adjustment for demographic and/or confounding
factors that were significantly associated with having
a disability (see Supplemental Digital Content Table
1, available at: http://links.lww.com/JHTR/A495),
being a veteran with a lifetime history of TBI in North
Carolina was associated with increased risk of having
any disability (APR = 1.4; 95% CI, 1.2-1.8) and a
disability related to hearing (APR = 2.0; 95% CI,
1.3-3.1) (see Figure 2) as compared with nonveterans
with a lifetime history of TBI. The bivariate association
between lifetime history of TBI between veterans
and nonveterans in North Carolina and with having
a disability related to vision, cognition, mobility,
self-care, and independent living was not statistically
significant (see Supplemental Digital Content Table 1,
available at: http://links.lww.com/JHTR/A495). Thus,
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no multivariable modeling was conducted for these
variables.

DISCUSSION

Findings from this article suggest that approximately
one-third of veterans and a quarter of nonveterans
residing in North Carolina have sustained a TBI in
their lifetime. Compared with nonveterans, veterans
who reported a lifetime history of TBI had an increased
risk of reporting a current disability. While it is likely
that many of these individuals have a disability that
was not due to their TBI, the significant association
between having a lifetime history of TBI and living
with a current disability identifies a group that may
warrant attention. In-depth retrospective studies could
explore this relationship and inform the development
of targeted interventions. However, to our knowledge
no current data system includes this information. Until
a national surveillance system to capture TBI data is
created, estimating the true burden of disability that
resulted from a TBI in the United States will be an
ongoing challenge.

The most common types of disabilities found in this
study were mobility, cognitive, and hearing. Disabilities
of many types—including the ones listed previously—
are a common consequence of TBI.1 Previous research
has found that the most common type of disability
experienced by TBI survivors is cognitive in nature,
particularly related to memory loss or difficulty forming
new memories.1 Potentially related to the disabilities
that an individual experiences, sustaining a TBI is as-
sociated with increased incidence of mental illness,
challenges with social integration, difficulties with em-
ployment, activity limitations, and lower self-reported
quality of life.1,19–22 Expanded access to rehabilitative
services, including mental health services and job train-
ing programs, may be beneficial to support individuals
living with a TBI and improve their well-being.1

According to the US Department of Veterans Affairs,
North Carolina ranks eighth among US states with the
highest population of veterans.23 Approximately half of
the veterans in the state who self-reported a lifetime
history of TBI also reported at least 1 current disability.
Previous research has found that service members who
sustain a TBI during combat may have more detrimental
sequelae than service members who did not sustain
a TBI during combat.24 This may be associated with
the circumstances in which they sustained their injuries
(eg, increased likelihood of polytrauma) and potential
for comorbid conditions (eg, PTSD).2,24 While the ex-
posure to combat increases the risk for TBI, such as
those from a blast-related injury,9 approximately 80%
of TBIs among service members and veterans occur in
nondeployed settings (eg, motor vehicle crashes).2 There

is some evidence to suggest that veterans may have
difficulty accessing healthcare or experience long wait
times for care at federally funded facilities (especially
among those living in rural areas).25 Moreover, research
suggests that veterans have an increased risk for psy-
chological comorbidities (eg, PTSD, depression),26 have
some unique factors that may contribute to high rates
of suicide,27 and are more likely to experience postcon-
cussive symptoms than civilians.28 In addition, as noted
in this study, veterans are more likely than nonveterans
to have a hearing disability.29 Taken together, these
findings point to the distinctive needs that veterans face
for their overall health and when recovering from a
TBI. They also highlight the importance of efforts to
improve rehabilitation services for veterans with TBI
complicated by psychological conditions and inclusive
of interventions to facilitate the transition from military
to civilian life.2

For people with a lifetime history of TBI, the higher
rate of disability as compared with the general popula-
tion in North Carolina, often in more than 1 functional
domain, suggests the need for a collaborative care ap-
proach among healthcare (eg, primary care providers,
specialists, rehabilitative service providers) and public
health professionals. For example, persons living with
a TBI and a mobility disability may experience environ-
mental and transportation barriers accessing healthcare
services, whereas those with a TBI and a cognitive dis-
ability may have difficulty understanding or adhering
to self-care practices. Furthermore, people living with
a TBI, with or without disability, may struggle with
maintaining a healthy lifestyle.1 Emotional well-being
(eg, social connectedness through employment, social
role within the household) might prevent or delay sec-
ondary conditions for which they are at increased risk
compared with patients without disabilities (eg, depres-
sion, anxiety, chronic obstructive pulmonary disease,
dementia, seizure).30 Compared with people without a
history of TBI, people with a history of mild, mod-
erate, or severe TBI and who are receiving care have
more physician visits, which provide an opportunity for
lifestyle counseling.30 Building connections between the
healthcare community and public health professionals
may help address the complex health, social, and eco-
nomic needs of people living with a TBI.31 Furthermore,
public health interventions tailored to improve access
to healthcare services, social connections, and employ-
ment need to be adapted and evaluated for people
living with a TBI and disabilities in a specific functional
domain or multiple domains.31

Limitations

There are several limitations to this study. First,
because the data in the BRFSS are retrospective
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and cross-sectional, it is not possible to determine
temporality and causality between lifetime history
of TBI and living with a current disability. While
sustaining a TBI of any severity increases the risk for
disability, the reverse may also be true.32 Longitudinal
studies or direct measurement of TBI-related disability
may further elucidate this relationship. Related, it was
not possible to measure whether the reported disability
was TBI-related. It is likely that many of the reported
disabilities were not due to the TBI that was sustained.
Second, BRFSS data are based on self-report and
subject to recall bias. However, the data do provide
results that can be used to inform larger, more robust
studies about individuals with TBI and disability. Third,
the BRFSS telephone survey might underestimate the
prevalence of disability because it is conducted among
noninstitutionalized adults and those with more severe
disabilities may not answer the survey or may live in
institutional settings or group homes. Fourth, there
was a high percentage of missing data for the question
on lifetime history of TBI (ie, 24% of respondents did
not answer the question, N = 1116). This was due to
partial completion of the survey (ie, respondents who
ended the interview before the TBI optional module).
Furthermore, respondents who did not answer this
question compared with those who did were different
on all demographic characteristics (except for marital
status), as well as the reported outcome disability
variables. It is therefore possible that the findings from
this study are not generalizable to those groups that
were less likely to answer the TBI questions (eg, males
and younger people), and it is also possible that the

prevalence of disability is under- or overestimated. In
addition, since the data are only from North Carolina,
these findings are generalizable only to individuals in
North Caroline and not to the larger BRFSS sample.
Fifth, the inclusion of LOC in the lifetime TBI
question likely biased toward more severe brain injuries
by inquiring only about that single symptom. Studies
suggest that only about 5.7% to 12%33–35 of people who
sustain a TBI lose consciousness. Thus, this study likely
underestimates the prevalence of TBI in North Carolina,
and the association between TBIs without LOC and
disability may be different. Consequently, it is not
possible to know whether these results are generalizable
to those with potentially less severe forms of TBI.
Moreover, some individuals may not recall whether they
lost consciousness. This may be especially true among
those who sustained a TBI many years ago or when they
were a child and those who did not seek medical care.

CONCLUSION

This study demonstrates that there is a significant asso-
ciation between having a history of TBI and living with a
current disability among residents in North Carolina, es-
pecially among veterans. In-depth retrospective studies
on lifetime history of TBI and subsequent disability may
be beneficial to explore this relationship further and in-
form the development of targeted interventions, such as
those that improve mobility. Furthermore, broader use
of evidence-based prevention strategies, such as those
that mitigate falls among older adults and motor vehicle
crash–related injuries, may help reduce the burden of
this injury.
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Comparative Effectiveness of a Brief Intervention for Alcohol Misuse
Following Traumatic Brain Injury: A Randomized Controlled Trial
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Purpose/Objective: Compare the effects of an adapted Screening, Education, and Brief Intervention
(Adapted SBI) for alcohol misuse following traumatic brain injury (TBI) to a Screening and Education with
Attention Control (SEA) condition. Study Design: A single-masked, parallel group, randomized controlled
trial was conducted with 58 participants who were 18 and older, sustained a TBI requiring inpatient rehabili-
tation, had a history of alcohol misuse, were English-speaking, cleared posttraumatic amnesia, were free of
language impairments precluding participation in the intervention, and who provided informed consent.
Outcomes were collected at 3, 6, and 12months postdischarge. The primary outcome was drinks per week at
12 months postdischarge.Results: Participants in both conditions reduced alcohol use following their injury.
The number of drinks per week at 12 months did not differ between the treatment conditions; the number of
drinks consumed across the entire sample was very low (median = 0). A lower percentage of participants in
the Adapted SBI condition resumed alcohol use by 12 months postdischarge (32% vs. 62% in the SEA con-
dition, p, .05). No significant differences were found on other outcomes (binging, facts recalled about the
negative effects of alcohol, drug use). The inclusion of a booster session did not appear to alter the interven-
tion effects. The interventions did not impact other healthy behaviors, however healthy eating and stress
management practices were associated with abstaining from alcohol use at the 12-month follow-up.
Conclusions/Implications:While alcohol misuse generally declines postinjury, by 12 months postdischarge
many individuals resume alcohol use. Adapted SBI may slow the resumption of alcohol use.

Impact and Implications
One-third to one-half of individuals who have sustained a moderate-severe traumatic brain injury
(TBI) have a history of alcohol misuse and are at risk for resumption of hazardous alcohol use postin-
jury. Screening and Brief Interventions (SBI) are the standard of care for preventing the resumption
of alcohol misuse following traumatic injuries, however, prior studies indicated limited effectiveness
when used with persons with TBI. While the current study did not find an effect for the primary out-
come (amount of alcohol consumed each week), the study demonstrated that an Adapted SBI accom-
modated to cognitive problems can be effective in decreasing the likelihood that an individual will
resume any alcohol use during the year following inpatient rehabilitation for TBI.

Keywords: alcohol abuse, substance abuse, traumatic brain injury, secondary prevention, intervention

Supplemental materials: https://doi.org/10.1037/rep0000405.supp

Introduction
Misuse of alcohol and other drugs is among the top three factors

accounting for disability-adjusted life years in the U.S. general

population (The US Burden of Disease Collaborators, 2018).
Approximately one third of visits to trauma centers for any injury
or disorder are alcohol-related (MacLeod & Hungerford, 2011), and
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one third to one half of persons who have sustained a moderate-
severe TBI have a history of alcohol misuse or illicit drug use (Corri-
gan, 1995; Parry-Jones et al., 2006). While alcohol and other drug
misuse initially declines following a TBI, use often resumes and
increases with time (Adams et al., 2012; Beaulieu-Bonneau et al.,
2018; Ponsford et al., 2007; Weil et al., 2016). Persons with a history
of alcohol misuse prior to a TBI are at the greatest risk for alcohol
misuse following injury, however sustaining a TBI may also increase
risk of developing a new alcohol use disorder, particularly if the
injury is sustained in childhood (Kennedy et al., 2017; Kennedy et
al., 2017; McKinlay et al., 2014; Timonen et al., 2002). Comorbid
TBI and alcohol misuse has been associated with poorer global out-
comes (Singh et al., 2019), and specifically increased risk for other
psychiatric disorders (Hart et al., 2014; Unsworth & Mathias, 2017),
suicide attempt (Chang et al., 2019), reinjury (Bannon et al., 2021),
more impaired lower cognitive and executive functioning (Ponsford
et al., 2013), and hospital readmission (Marcoux et al., 2017).
Following an injury leading to Emergency Department care or

hospitalization, patients with a history of hazardous alcohol use
may experience a ‘teachable moment’, when they are more recep-
tive to learning about the risks associated with their use and to con-
sidering behavior change (Lau et al., 2010; Minugh et al., 1997;
Williams et al., 2005). Screening and Brief Intervention (SBI), also
called Screening, Brief Intervention and Referral to Treatment
(SBIRT), was developed with the intent of capitalizing on teachable
moments in the emergency department, trauma service, and primary
care settings. SBI is the standard of care for addressing excessive
alcohol and other drug use among patients seen in health care cen-
ters (Joint Commission, 2007; Makdissi & Stewart, 2013; Saitz,
2010b). Multiple systematic reviews have demonstrated that SBI
reduces alcohol misuse and alcohol-related complications (Barata et
al., 2017; Kaner et al., 2018; McQueen et al., 2011; O'Connor et al.,
2018; O'Donnell et al., 2014).
Less is known about SBI outcomes with individuals with TBI. A

systematic rereview of the efficacy and effectiveness studies for
SBI in emergency departments and trauma units indicated that stud-
ies excluded any patients who were not completely oriented and
free of confusion because they were not considered capable of pro-
viding informed consent (Corrigan et al., 2010). Patients with more
severe TBI are highly unlikely to be oriented while still in acute
care and were therefore likely to be excluded from participation in
the prior SBI studies. Moreover, evidence suggests that even
patients with TBI of milder severity are less likely to benefit from
SBI when compared to persons without TBI (Zatzick et al., 2014).
Given the adverse impact of misuse of alcohol as well as

other drugs on TBI outcomes, it is critical to identify interven-
tions which can effectively reduce substance misuse. Three
randomized controlled trials have evaluated a multimedia
(video and booklet) educational intervention that included eight
messages illustrating the negative consequences of alcohol or
drug use following TBI (Corrigan, 2004, 2005; Sander et al.,
2012; Tweedly et al., 2012). As is typical with SBI, in two of
the studies, the educational intervention was offered with a
brief motivational interview: a client-centered, collaborative,
goal-oriented method for addressing ambivalence and for guid-
ing motivation to change behavior (Miller & Rollnick, 2013;
Sander et al., 2012; Tweedly et al., 2012). In combination, the
findings from these studies suggested that the multimedia edu-
cational component of the interventions had a positive impact

on knowledge and beliefs about alcohol misuse, but more lim-
ited effects on actual alcohol use. The motivational interview
component did not add to the effects observed from the educa-
tional intervention alone (Bogner & Corrigan, 2013).

The dearth of significant effects of SBI on behavior change
among persons with TBI suggests a need for modifications to the
intervention as well as a reconsideration of the study methodology.
First, problems with lower cognitive and executive functioning
could potentially impact the ability to benefit from the SBI. Accom-
modations for cognitive problems may therefore improve the effec-
tiveness of SBI. Second, emerging evidence suggests that framing
substance misuse interventions within a health and wellness context
may increase effectiveness with adolescents and adults in the gen-
eral population, and deserves evaluation with persons with TBI as
well (Cabé et al., 2021; Dai et al., 2020; Simonton et al., 2018).
Third, in regard to study methodology, a longer timeframe for fol-
low-up may improve the ability to detect effects since many indi-
viduals initially refrain from alcohol use but return to higher
consumption levels as months postinjury increase. In contrast to
studies with shorter time frames (Corrigan, 2005; Sander et al.,
2012). Tweedly et al. (2012) followed participants at one year after
injury, and found some participants in the control group had
resumed drinking by the end of that year. Though their sample did
not have a heavy drinking history prior to the injury and those that
resumed were not drinking at hazardous levels, a moderate non-
significant effect of the educational intervention was discernible.

The current study was designed to correct the limitations of the
previous studies. We developed an Adapted SBI that included the
multimedia educational intervention and an adapted motivational
interview with individualized cognitive accommodations, a written
“Brain Health Plan,” and a booster session. The efficacy of
Adapted SBI was compared against the multimedia education pre-
viously tested (called Screening and Education with Attention
Control [SEA]). Both interventions were presented within a health
and wellness theme, however the Adapted SBI went a step further
with the Brain Health Plan that was used to establish goals related
to healthy behaviors and the reduction of substance use. Given
that the multimedia psychoeducational materials appear to have
some limited efficacy on their own (Corrigan, 2004, 2005; Sander
et al., 2012; Tweedly 2012), we anticipated that both groups
would show some reduction in alcohol misuse. Our primary hy-
pothesis, however, was that the Adapted SBI would be more effi-
cacious than the SEA control condition on reducing alcohol
consumption in the year following the index TBI. The primary
outcome was the amount of alcohol consumed during a typical
week at one-year postinjury. Secondarily, we also evaluated
effects on alcohol use as a dichotomous variable; that is, whether
the participant completely abstained from alcohol use or not. We
anticipated that the differences between the two groups would not
emerge immediately but would increase as the year passed. Sec-
ondary outcomes included binge use (defined here as 5 or more
drinks at a sitting) and the number of facts about the negative
effects of alcohol use that were recalled. We also explored the
effects of the intervention on the use of illicit drugs.

Method

Prior to data collection, approval for human subjects research
was obtained from the host facility’s Institutional Review Board.
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A randomized controlled trial was used to evaluate the efficacy of
Adapted SBI relative to a SEA control (Clinicaltrials.gov#
NCT02129361). Following completion of the baseline assessment,
participants were randomly assigned to Adapted SBI or SEA con-
trol using block randomization. The random allocation sequence
and blocking method were concealed from the enrollment staff,
interventionists, and staff conducting outcomes assessments. The
allocations were stratified by interventionist and were pregenerated
in a table using a random-number generator, with each assignment
concealed, and only revealed to the interventionist following the
baseline assessment. Data on outcomes were collected by phone at
3, 6, and 12 months after rehabilitation discharge by research
assistants masked to group assignment. A probe conducted with
the last eleven interviews conducted at 12 month follow-up indi-
cated that the masking was successful: the staff conducting the
interviews correctly ascertained only 3 of the 11 assignments.

Participants

Participants included persons who sustained a TBI followed by
disability of sufficient severity to warrant admission to an inpatient
rehabilitation facility, which was located within a Midwestern U.
S. academic medical center. Participants must have (a) sustained a
TBI defined as damage to the brain tissue caused by an external
force, as evidenced by loss of consciousness, posttraumatic amne-
sia, skull fracture, or objective neurological findings; (b) a history
of alcohol misuse within the year prior to injury (may also have
used other drugs, but not necessary for inclusion); (c) been at least
18 years old and English-speaking; (d) cleared posttraumatic am-
nesia and been free of language impairments that would preclude
participation in the intervention; and (e) been able and willing to
provide informed consent. We operationalized alcohol misuse as
meeting one of the following criteria: (a) .7 drinks/week for all
women and for men over the age of 65; (b) .14 drinks/week for
men # 65 years old, (c) 4 or more drinks at least one occasion per
month for women and 5 or more drinks on an occasion for men.
The original power analysis called for 35 participants per group,
however it was not possible to achieve this sample size in the time
period allotted for this study.

Interventions

Alcohol and other drug screening were completed during the
baseline assessment, prior to randomization into the intervention
groups. Both the Adapted SBI and SEA conditions were provided
by the same interventionists, who were mental health professionals

who received training on the interventions used in the current
study. The initial session took approximately 25–30 minutes and
occurred prior to inpatient discharge. Booster sessions lasted about
10–15 minutes and occurred one month postdischarge by tele-
phone. Both conditions were introduced to participants as an inter-
vention to promote health and optimal TBI recovery. All
participants received a fact sheet containing recommendations for
healthy behaviors from the Centers for Disease Control and Pre-
vention. During the initial session, both groups viewed a video
illustrating eight facts regarding the negative effects of substance
misuse after TBI (Olson-Madden et al., 2012), with an accompa-
nying information sheet for participants to take home to review or
share with others. The standard of care on the rehabilitation unit
was maintained for both conditions, which included referral for
ongoing treatment for those patients with a history of substance
use disorder. See Table 1 for the components of the intervention
conditions.

Adapted SBI

Following the video, the interventionist began a brief motiva-
tional interview which targeted healthy behaviors and alcohol mis-
use, including other drugs, as applicable. The motivational
interview was left unstructured, allowing the interventionists to
call upon the general principles of motivational interviewing with-
out being restricted to a script. A readiness ruler was used to assess
the individual’s readiness to change, with readiness determining
the direction of the remaining interview. The interventionists’
goals were to elicit and reinforce verbalizations associated with
changing behavior, avoid verbalizations associated with sustaining
alcohol use behaviors, and to assist the participant in developing a
Brain Health Plan that included three goal activities that they
would pursue to support progress toward change in substance use
and healthy behaviors more generally. In addition, accommoda-
tions and strategies for assisting the participant with recalling and
implementing their plan for change were discussed with the partic-
ipant, drawing upon previous strategies the participant may have
used as well as the following options: (a) use phone to cue recall
(e.g., applications, calendar, text message); (b) put reminders
around home, key places and/or in calendar/planner; and/or (c)
wear a bracelet or another item that will cue recall. Interventionists
were free to choose from strategies appropriate to the individual’s
readiness to change, as long as they follow the basic principles of
motivational interviewing: a) understand the client’s perspective
(express empathy); b) increase confidence that they can success-
fully change (support self-efficacy); c) avoid argumentative

Table 1
Components of Intervention Conditions

Adapted Screening, and Brief Intervention (Adapted SBI) Screening and Education with Attention Control (SEA)

Health and wellness approach, handout on tips for healthy living Health and wellness approach, handout on tips for healthy living
Screening for alcohol and other drug misuse Screening for alcohol and other drug misuse
Educational video and handout on negative consequences of alcohol
use after TBI

Educational video and handout on negative consequences of alcohol
use after TBI

Adapted motivational interview with cognitive accommodations,
summarized in Brain Health Plan

General discussion about discharge plans

Telephone booster 1 month after discharge, discuss progress with
Brain Health Plan and use of strategies

Telephone booster 1 month after discharge, general discussion
about current activities and progress

Note. TBI = traumatic brain injury.
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interactions that may inadvertently reinforce ideas counter to
change (roll with resistance); and d) increase the client’s aware-
ness of discrepancies between values and behavior (develop dis-
crepancy). The interviewers could use any information obtained
during the baseline assessment (e.g., attribution of injury to sub-
stance use, expectancies) to assist the process. Following the inter-
view, the interventionist documented and sent a letter to the
research participant including the plan for behavior change, a re-
minder of the other accommodations they had chosen to help
remember to implement the plan, and a reminder that they would
be called in a month for a booster session.
The booster session was conducted by phone one-month postdi-

scharge and resumed where the first brief intervention session
ended. Prochange decisions, goals, and strategies identified in the
first session were reviewed, and progress discussed. Motivational
interviewing principles were used to encourage further progress
toward readiness to change. If the participant voiced any chal-
lenges to change (e.g., development of depressed mood), the inter-
viewer provided advice and referrals for treatment as appropriate.
Contact information was verified for the follow-up interviews.

SEA

Following the video presentation, any questions raised by the
participant were succinctly answered. The discussion then turned
to upcoming discharge plans. The specifics of the discussion were
open-ended but did not include additional discussion of substance
misuse. Participants were sent a letter following the session to
remind them of the one-month postdischarge booster session. The
booster session included a discussion on the participants’ progress
since discharge and problems encountered with the discharge plan.
As appropriate, referrals were made to address participant con-
cerns. Contact information was verified for the follow-up
interviews.

Intervention Fidelity

The sessions for both groups were audio recorded. The study
coordinator provided feedback to the interventionists regarding the
treatment fidelity with training and input from the PI, using treat-
ment checklists as well as the Motivational Interviews Skill Code-
2 as guides (Miller et al., 2003). The interventionists were pro-
vided feedback for the first five interviews, with periodic feedback
on a selection of interviews throughout the intervention phase of
the project.

Outcomes

Research assistants masked to the assigned condition contacted
participants at 3, 6, and 12 months postdischarge from rehabilita-
tion to obtain data on outcomes. The a priori primary outcome was
the number of alcoholic drinks per week, however since a large
proportion of participants did not resume drinking, we also dicho-
tomized this outcome into abstinent versus resumed drinking.
Additional outcomes included whether the participant binged in
the past month, whether the participant had used illicit drugs, and
the number of facts recalled from the video. We evaluated number
of facts recalled from the eight messages presented in the video,
using an open-ended question: “How can the use of alcohol or
other drugs harm you after a brain injury?” with the interviewer

using a checklist to determine if the fact recalled matched any of
the eight messages.

The quantity and frequency of alcohol and other drug use was
measured using the standard questions developed originally for the
Center for Disease Control and Prevention’s Behavioral Risk Fac-
tor Surveillance System (BRFSS;Nelson et al., 2001) and adopted
for use by the TBI model Systems National Database (Corrigan et
al., 2003). These questions represent slightly more precise ver-
sions of the questions comprising the Quick Drinking Screen
(Sobell et al., 2003). The questions query whether any alcohol was
consumed, frequency of consumption, quantity of drinks per day,
frequency of binging (defined as 5 or more drinks on an occasion
for males and females), and use of other illicit drugs or drugs not
prescribed to the individual. The weighted averages of test-retest
correlations across studies are high for the BRFSS alcohol-related
questions, ranging from .84 to .88 (Nelson et al., 2001). Test–ret-
est reliability with participants in the TBI model Systems is repre-
sented by ICCs of .78 for drinks/week and .65 for number of
binges in past month (Bogner et al., 2017). For dichotomized vari-
ables, a Cohen’s kappa of .78 was reported for any use of other
drugs and .68 for any binge use in past month (Bogner et al.,
2017). Studies on concurrent validity have shown strong correla-
tions with related measures, with the weighted averages ranging
from .63 to .73 (Nelson et al., 2001).

Of note, at the time of study initiation, modifications to the
accepted definitions of binge drinking for women were being
made, reducing the amount needed to qualify as a binge to 4
drinks/occasion. This modification was made for the baseline
assessment but not carried over to the outcome assessment, such
that the binge outcome remained as 5 drinks or more for both men
and women.

Baseline Assessment

The baseline assessment included an evaluation of premorbid
use of alcohol and other drugs, baseline knowledge of the eight
messages related to alcohol use post-TBI, as well as measures of
depression and healthy lifestyle behaviors. Data on the injury and
recovery were captured from the medical records.

In addition to the BRFSS/TBIMS alcohol and drug questions,
several other measures were used to obtain more detailed informa-
tion about substance misuse for the purposes of determining inclu-
sion and/or obtain data on covariates that should be balanced
across groups. The 14-day Timeline Followback interview
(TLFB), (Maisto et al., 1982) queried alcohol and other drug use
during each day of the first two weeks prior to the injury that they
are able to recall. Twenty items from the Alcohol Expectancy
Questionnaire-III (AEQ-III; George et al., 1995) were selected to
represent the negative and positive expectancies for persons with
TBI (selection based on unpublished factor analysis). Expectancies
were represented as mean values of Likert ratings, with higher
scores indicating greater agreement with items expressing negative
or positive expectations. Attribution of the injury to substance mis-
use was assessed using four questions querying whether alcohol or
other, unprescribed drugs were consumed within two hours prior
to the incident leading to injury, and a Likert rating of 1 to 5 indi-
cating the degree to which they believe their use caused the injury
(higher indicates greater attribution). Attribution of injury to alco-
hol use has been found to mediate drinking outcomes in other
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studies (Barnett et al., 2010). The MINI International Neuro-
psychiatric Interview (Sheehan et al., 1998) was used to identify
participants with substance misuse or dependence (based on
DSM–IV criteria).
The Patient Health Questionnaire-9 (PHQ-9; Kroenke et al.,

2001) was used as a self-report measure of depressive symptoms
experienced during the previous two weeks. The PHQ-9 has been
used successfully to measure depressive symptoms of persons
with TBI, although a conversion to a dichotomous variable indi-
cating depressed versus not depressed is recommended and was
used in the current study (Fann et al., 2005).
The Health-Promoting Lifestyle Profile II is 52-item measure of

health promoting behavior (Walker et al., 1987). The items use a
Likert rating scale of the frequency of engagement in healthy
behaviors, with higher scores indicating healthier behaviors. The
scale has been validated across multiple cultures and used success-
fully with persons with TBI (Braden et al., 2012; Brenner et al.,
2012; Hulme et al., 2003; Pinar et al., 2009; Pérez-Fortis et al.,
2012; Sousa et al., 2015; Tajik et al., 2010). For the purpose of
this research, three of the subscales were used: Physical Activity,
Nutrition and Stress Management.

Analyses

Baseline demographic and clinical characteristics were compared
across randomized groups using t-tests and chi-square tests as appro-
priate. Mixed models were used to test the intervention’s effect on
continuous outcomes (drinks per week, the number of facts recalled
about the negative effects of substance misuse). Fixed effects
included time (treated as a categorical variable), intervention group,
their interaction, and baseline outcome levels. Of primary interest
were preplanned contrasts comparing group means at each of the
three postrandomization time points. An unstructured variance-co-
variance structure was used to account for within-subject correlation
(repeated outcome interviews). The Kenward-Roger adjustment to
the degrees of freedom was used to control type I error rates. Models
for the intervention’s effect on dichotomous outcomes (alcohol use,
binge use) were estimated using generalized estimating equations
with an independent working correlation structure and robust stand-
ard errors to capture the within-subject correlation. Fixed effects
included were the same asmodels on continuous outcomes. Sensitiv-
ity analyses further included the effects of unbalanced covariates and
treatment dose (if a booster was received). Exploratory analyses
used a similar approach to evaluate a) the intervention’s effect on
other drug use, b) the impact on other healthy behaviors (nutrition,
exercise, and stress management), and c) whether other healthy
behaviors were associated with alcohol use at follow-up. A two-
sided significance level of a = .05 was used for all tests. Analyses
were performed in SASVersion 9.4 (SAS institute, Cary, NC).

Results

From March, 2014 to July, 2017, fifty-nine participants met cri-
teria and agreed to be randomized into the study. One participant
was excluded from the analysis because they withdrew from the
study before the intervention could be delivered. The final sample
size was 58. Thirty participants were randomized to Adapted SBI
and 28 to SEA (see Figure 1). Five participants in the SEA group
and 11 participants in the Adapted SBI group did not receive a

booster session; booster participation did not significantly differ
between the groups (v2 = 2.56, df = 1, p = .11). Eighty-four per-
cent of the sample (n = 49) was successfully followed at the 12-
month time point and 71% (n = 41) were followed at all 3 time
points. Attrition at 12 months did not differ across the two inter-
vention conditions (Fisher’s exact test p-value = .99). No signifi-
cant differences were observed between those followed and those
lost on the following baseline variables: age, sex, race, married
versus not, educational level, employed versus not, illicit drug use,
alcohol binging, drinks per week, depression, length of posttrau-
matic amnesia, Functional Independence Measure (FIM) Motor
and Cognitive at admission and discharge, nutrition, stress man-
agement, or physical activity. See the Figure 1, participant Flow
Diagram, for more information on the screening and flow of
participants.

The randomization was generally successful with balancing the
baseline covariates (see Table 2). However, while not statistically
significant, there were some variables that were relatively unbal-
anced between the groups: FIM Cognitive at admission and dis-
charge (Adapted SBI more impaired, p = .05), average negative
alcohol expectancies (Adapted SBI higher, p = .09), participant
report of drinking alcohol or using other drugs 2 hr before the
injury (Adapted SBI more likely, p = .09 and p = .11, respec-
tively), participant attribution of alcohol as cause of injury
(Adapted SBI more likely, p = .05), and the number of symptoms
of a substance use disorder (SUD) other than alcohol (Adapted
SBI more symptoms, p = .10). To prevent overfitting and multicol-
linearity, only the following covariates were used in the adjusted
models: FIM Cognitive at discharge, attributing alcohol as cause
of injury, negative expectancies, and number of symptoms of a
SUD other than alcohol.

For the full sample at baseline, the mean number of drinks per
week was 28.8 (SD = 40.7) with a median of 14. The mean number
of binges per month was 8.9 (SD = 10.5) and the median was 4. At
baseline, 53% of the sample met criteria for heavy drinking based
on drinks/week by sex and/or binging at least 5 times per month
(Substance Abuse and Mental Health Services Administration,
2019). Twenty-nine percent had used other drugs during the year
prior to the injury. By the 12-month follow-up, the median number
of drinks per week and episodes of binge drinking was 0, and 14%
had used other drugs. Eleven (37%) of the Adapted SBI partici-
pants and 7 (25%) of the SEA participants reported that they were
receiving SUD treatment at the time of at least one of the follow-
up interviews.

No significant differences were found between the treatment
conditions for the number of drinks consumed per week. Differen-
ces were detected between the groups on the percentage of partici-
pants who remained abstinent of alcohol use after discharge. The
SEA group gradually resumed use over the course of the year,
with 62% of the group resuming use by 12 months. In contrast, the
percentage of participants consuming alcohol in the Adapted SBI
group remained steady at approximately 30% across all three time
periods (see Table 3). No significant differences were found for
binge use, drug use, or the number of facts recalled about the nega-
tive effects of substance misuse. The selected unbalanced covari-
ates were added to the models to test whether the lack of balance
impacted the findings. The inferences did not change with any of
the outcomes when the unbalanced covariates were included in the
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models. Likewise, inferences did not change when the sample was
limited to those who received the booster session.
Given that a large proportion of the sample did not resume

drinking, differences in drinks per week between the groups may
be more difficult to detect (though robust standard errors were
used to correct for the skewness). In order to evaluate whether
those who resumed drinking differed by group in the amount they
drank, a posthoc analysis was conducted using only participants
who had resumed alcohol use by 12 months (n = 23). Controlling
for preinjury baseline drinks/week, No Group 3 Time Effect was
noted. Both groups showed an increase in use over time (p = .03).
The Adapted SBI group consumed more drinks per week at 3
months (Adapted SBI M = 3.43 6 .96, SEA M = .72 6 .66, p =
.03), but no differences were observed at the other time points. To
understand the meaning of the longitudinal trajectory, the marginal
means and their 95th percentile confidence intervals at preinjury
baseline and each follow-up time point were plotted in Figure 2,
using only those participants with data at all 4 time points (n =
20). As shown, there was large variability at preinjury baseline.
Adapted SBI participants who had returned to drinking by 12
months had marginally higher baseline levels of drinking than
SEA participants. By 12 months, both groups exhibited lower lev-
els of drinking relative to their baseline levels.
The exploratory analysis indicated no intervention effects on

any of the healthy behaviors, including nutrition, exercise and
stress management. When the resumption of alcohol use at 12

months was the independent variable, less healthy nutrition was
observed at all 4 time points for those who had resumed alcohol
use by 12 months versus those who had not (p = .03) and a similar
trend was observed for stress management (p = .08). Physical ac-
tivity at any time point did not show a significant relationship with
alcohol use at 12 months (p = .35).

Discussion

The current study sought to evaluate the effectiveness of a brief
intervention for reducing alcohol misuse that includes screening,
education, motivational interviewing, and accommodations for
cognitive deficits (Adapted SBI) relative to the effects of an inter-
vention that is limited to screening and education (SEA). The
study did not find an effect on the primary endpoint, the number of
drinks consumed per week at 12 months postdischarge. Overall,
the amount of alcohol consumed by participants in either condition
was very low, with a median of 0 drinks per week. However, dif-
ferences between the conditions were found in the percentage of
participants who resumed any alcohol consumption. The propor-
tion of SEA participants resuming alcohol use steadily increased
throughout the year while the proportion drinking in the Adapted
SBI group did not change substantively. Only about 30% of partic-
ipants in the Adapted SBI group were drinking at any follow-up
time point. However, by 12 months, about twice as many partici-
pants in the SEA group (62%) were drinking as those in the

Figure 1
Participant Flow Diagram

Note. SEA = Screening and Education with Attention Control. See the online article for the color version of this
figure.
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Table 2
Demographic and Baseline Characteristics for Full Sample and by Group

Characteristics
Total

(N = 58)
Adapted SBI
(N = 30)

SEA
(N = 28) p-value

Age 39.2 6 14.6 (18.8�81) 38.1 6 12.6 (18.7–58) 40.4 6 16.6 (20�81) .56
Sex .34
Male 40 (69%) 19 (63.3%) 21 (75%)
Female 18 (31%) 11 (36.7%) 7 (25%)

Race .25
White 51 (87.9%) 28 (93.3%) 23 (82.1%)
Black 7 (12.1%) 2 (6.7%) 5 (17.9%)

Marital status .29
Married 15 (25.9%) 6 (20%) 9 (32.1%)
Not married 43 (74.1%) 24 (80%) 19 (67.9%)

Education .58
Less than HS 11 (19%) 7 (23.3%) 4 (14.3%)
HS diploma or GED 19 (32.8%) 8 (26.7%) 11 (39.3%)
Greater than HS 28 (48.3%) 15 (50%) 13 (46.4%)

Primary employment status .51
Not competitively employed 11 (19%) 7 (23.3%) 4 (14.3%)
Competitively employed 47 (81%) 23 (76.7%) 24 (85.7%)

Drug usage before injury .49
Yes 17 (29.3%) 10 (33.3%) 7 (25%)
No 41 (70.7%) 20 (66.7%) 21 (75%)

Length of rehabilitation stay, days 15.7 6 7.6 (4–42) 15.3 6 7.5 (7�42) 16.2 6 7.8 (4�33) .65
Length of acute stay, days 18.1 6 15.9 (4–110) 19.5 6 19.5 (4�110) 16.5 6 11.0 (5�53) .48
Time from injury to intervention 33.8 þ 21.7 (10�126) 33.7 þ 23.1 (10�126) 34.7 þ 21.2 (12�115) .94
Cause of Injury .81

Motor vehicle crash 30 (51.7%) 17 (56.7%) 13 (46.4%)
Violence 7 (12.1%) 4 (13.3%) 3 (10.7%)
Sports/other 5 (8.6%) 2 (6.7%) 3 (10.7%)
Fall 16 (27.6%) 7 (23.3%) 9 (32.1%)

Number of days in posttraumatic amnesia 19.7 6 19.9 (0–114) 22.8 6 22.8 (0�114) 16.2 6 15.7 (0�61) .23
GCS at admission .40
Sedated/Intubated 24 (45.3%) 15 (55.6%) 9 (34.6%)
2�8 6 (11.3%) 2 (7.4%) 4 (15.4%)
9�12 3 (5.7%) 2 (7.4%) 1 (3.9%)
13�15 20 (37.7%) 8 (29.6%) 12 (46.2%)

Alcohol use before injury NA
Yes 58 (100%) 30 (100%) 28 (100%)
No 0 (0%) 0 (0%) 0 (0%)

Drinks per week 28.8 6 40.7 (0.75�225) 35.3 6 49.2 (0.75�225) 21.8 6 28.4 (1�112) .20
Number of binges per month 8.9 6 10.5 (0�30) 10.3 6 11.3 (0�30) 7.3 6 9.5 (0�30) .27
FIM motor at admission 44.6 6 16.8 (14�78) 47.6 6 17.9 (14�78) 41.4 6 15.1 (17�66) .16
FIM cognitive at admission 16.6 6 6.9 (5�30) 14.9 6 6.9 (5�30) 18.5 6 6.6 (5�28) .05
FIM motor at discharge 70.6 6 13.9 (24�88) 72.7 6 12.9 (35�88) 68.4 6 14.7 (24�86) .24
FIM cognitive at discharge 24.7 6 3.9 (16�32) 23.7 6 3.5 (16�30) 25.8 6 4.1 (17�32) .05
HPLP II nutrition 2.4 6 0.5 (1.2�3.7) 2.4 6 0.5 (1.7�3.7) 2.3 6 0.6 (1.2�3.6) .30
HPLP II physical activity 2.3 6 0.6 (1.3�3.6) 2.4 6 0.7 (1.4�3.6) 2.2 6 0.6 (1.3�3.5) .29
HPLP II stress management 2.6 6 0.6 (1.1�4) 2.7 6 0.6 (1.1�4) 2.5 6 0.6 (1.4�3.4) .16
Fact total 1.5 6 1.0 (0�4) 1.5 6 0.9 (0�3) 1.5 6 1.0 (0�4) .99
Presence of Depression: PHQ-9 .67
No 42 (72.4%) 21 (70%) 21 (75%)
Yes 16 (27.6%) 9 (30%) 7 (25%)

Negative expectancies 4.0 6 1.4 (1�6) 4.3 6 1.4 (1.2–6) 3.7 6 1.3 (1�6) .09
Positive expectancies 3.6 6 1.2 (1.1�5.8) 3.7 6 1.3 (1.1–5.8) 3.6 6 1.1 (1.6�5.4) .80
Did you drink any alcoholic beverage within 2 hours before your injury .09
No 33 (58.9%) 14 (48.3%) 19 (70.4%)
Yes 23 (41.1%) 15 (51.7%) 8 (29.6%)

Did you take any drugs that weren’t prescribed to you within 2 hours before your injury .11
No 53 (93%) 26 (86.7%) 27 (100%)
Yes 4 (7%) 4 (13.3%) 0 (0%)

Attribution of injury to alcohol 1.9 6 1.6 (1�5) 2.3 6 1.8 (1�5) 1.5 6 1.2 (1�5) .05
Attribution of injury to unprescribed drugs 1.1 6 0.4 (1�4) 1.2 6 0.6 (1�4) 1 6 0 (1-1) .23
MINI Number of alcohol use disorder symptoms 3.8 6 3.1 (0�11) 4.3 6 3.3 (0�11) 3.4 6 2.7 (0�11) .24
MINI Lifetime alcohol use disorder .86
No AUD 13 (22.4%) 7 (23.3%) 6 (21.4%)
AUD 45 (77.6%) 23 (76.7%) 22 (78.6%)

(table continues)
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Adapted SBI group (32%). The strength of this intervention effect
is remarkable in light of the much more modest findings observed
in previous studies of brief interventions with persons with brain
injury.
The findings of the current study also contrast with other studies

that show minimal effects with participants with heavy baseline
alcohol misuse (Barata et al., 2017; Saitz, 2010a). Generally, SBI/
SBIRT has not been recommended for people with more severe
alcohol use disorders due to reduced effectiveness relative to less
severe alcohol use; however the findings of the current study,
which controlled for preinjury baseline alcohol misuse, suggest
that Adapted SBI can be effective with persons with both TBI and
heavy baseline alcohol misuse. While speculative at this point, one
possible mechanism for increasing effectiveness among persons
with heavy alcohol use may be through engagement in ongoing
SUD treatment as a result of the brief intervention.
The secondary analyses provided some insights that may assist

with understanding the results and their clinical application, as
well as questions to be addressed in future research. Some of the
Adapted SBI participants who had resumed drinking by 12 months
had higher preinjury baseline levels of alcohol use than their SEA
counterparts. In addition, trends suggested that prior to the

intervention, the Adapted SBI group as a whole reported more
symptoms of a drug use disorder other than alcohol. Their more
severe disorder likely challenged the effectiveness of the Adapted
SBI intervention, yet it is still notable that their overall amount of
alcohol use at 12 months was still substantially lower than prein-
jury baseline. There was also no evidence that they substituted
another drug for alcohol, as only one person in each of the groups
became a new user of other drugs. The findings highlight the need
to identify additional factors determining responsiveness to treat-
ment by persons with more severe alcohol use disorders.

The lack of an effect on misuse of drugs other than alcohol was
disappointing but not surprising given that only 29% of the partici-
pants misused other drugs at preinjury baseline. Given the unique
and varied effects of the range of drug classes, it is likely that the
intervention requires some modifications to increase effectiveness
with other drug use disorders.

The intervention was framed in the context of overall health and
wellness. We had hoped that this approach would encourage par-
ticipation, however the consenting process still emphasized the
intent to reduce substance misuse (e.g., title of the project), negat-
ing the potential impact of the reframed approach on participant
accrual. However, the health and wellness approach did provide

Table 3
Intervention Effects on Outcomes, Controlling for Baseline

Outcome by follow-up point SBI* SEA* Group difference 95% CI p-value Time p-value Group 3 Time p-value

Average drinks per week .01 .13
3-month 1.01 (0.39) 0.47 (0.37) 0.54 (0.55) [�0.56, 1.64] .33
6-month 1.04 (0.66) 2.14 (0.65) �1.10 (0.93) [�2.97, 0.76] .24
12-month 3.15 (1.58) 3.61 (1.61) �0.47 (2.26) [�5.0, 4.07] .84

Any alcohol use ,.001 .01
3-month 27% (6) 16% (4) 1.97 [0.47, 8.17] .35
6-month 29% (7) 46% (11) 0.49 [0.15, 1.60] .24
12-month 32% (8) 62% (15) 0.28 [0.09, 0.92] .04

Any binging past month^
3-month 5% (1) 0% (0) NA NA .47
6-month 12% (3) 21% (5) NA NA .70
12-month 16% (4) 21% (5) NA NA .73

Fact total score .09 .95
3-month 1.52 (0.15) 1.36 (0.14) 0.16 (0.21) [�0.26, 0.58] .44
6-month 1.32 (0.15) 1.24 (0.15) 0.08 (0.21) [�0.33, 0.50] .69
12-month 1.58 (0.16) 1.45 (0.16) 0.13 (0.22) [�0.32, 0.57] .57

Any other illicit drug use^ NA NA
3-month 18% (4) 12% (3) NA NA .69
6-month 21% (5) 17% (4) NA NA .99
12-month 16% (4) 12% (3) NA NA .99

Note. SBI = Screening and Brief Interventions; SEA = Screening and Education with Attention Control; NA = not applicable.
^ Fisher-exact tests were run on binge and drug use due to small cell size. Thus, time main effect and group by time effect were not reported.
* Least square means (robust standard error) or percentage (n).

Table 2 (continued)

Characteristics
Total

(N = 58)
Adapted SBI
(N = 30)

SEA
(N = 28) p-value

MINI Have you ever taken any of these drugs more than once to get high, to feel better,
or change your mood?

.27

No 33 (56.9%) 15 (50%) 18 (64.3%)
Yes 25 (43.1%) 15 (50%) 10 (35.7%)

MINI Count of symptoms for drug 1 1.6 6 2.8 (0�9) 2.1 6 3.1 (0�9) 0.9 6 2.2 (0�8) .10

Note. Adapted SBI = Screening and Brief Intervention; SEA = Screening and Education with Attention Control; GCS = Glasgow Coma Scale; FIM =
Functional Independence Measure; HPLP-II = Health Promoting Lifestyle Profile-II; MINI = Mini International Neuropsychiatric Interview; AUD =
Alcohol use disorder; PHQ-9 = Patient Health Questionnaire-9; NA = not applicable. Data were presented as N (%) or M 6 SD (range).
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some interesting insights. While we did not find an intervention
effect on healthy behaviors, we found that better nutrition was
observed among individuals who did not resume alcohol use at 12
months and a trend suggested that they used more effective stress
management strategies. These differences were present at prein-
jury baseline and maintained through follow-up. If the intervention
was modified to further capitalize on the participant’s strongest
healthy behaviors, it might be possible to enhance the interven-
tion’s effect on the resumption of alcohol misuse, as well as other
prohealth behaviors such as healthy food consumption. Since alco-
hol misuse may also impact food choices leading to better or
worse nutrition outcomes, this approach may also impact overall
health outcomes and recovery trajectory in individuals with mod-
erate or severe TBI (Erdman et al., 2011; Olsen & Nesbitt, 2010)
Limitations of the study include marginal imbalance on some

important covariates despite randomization, however models that
adjusted for unbalanced covariates suggested minimal impact. The
final sample size was smaller than indicated by the original power
analysis based on a medium effect (n = 70). Recruitment of quali-
fied participants was hampered by a short length of stay. Patients
were often discharged before or within days of regaining the cog-
nitive ability to participate in the intervention. Sixteen percent of
the sample was lost to follow-up, however no significant differen-
ces were noted between those found and those lost to follow-up.
Sixteen participants did not receive a booster session, and yet the
lack of a booster session did not impact the findings (though power
was limited to detect a difference). The sampling strategy did not
allow for an adequate test of whether the intervention could be
effective with reducing illicit drug use. In addition, the questions
about drug use may not have adequately captured various nuances,
such as whether the participant misused medications that had been
prescribed to them. Within the field, the definition of binge use
changed during the conduct of the study, moving from defining
binge use as 5 drinks or more at an occasion for any sex to allow-
ing that 4 drinks per occasion is better representative of binge use
for women. While we had adjusted the definition for differentia-
tion by sex at preinjury baseline, we failed to do so for the

outcome measure. Given the substantial reduction in the amount
of alcohol use by both groups at follow-up, the likelihood that this
oversight changed the overall findings of the study is minimal. In
the context of the Adapted SBI intervention, it was believed that
cognitive accommodations should be based on perceived needs
formed via a collaboration between the interventionist and the par-
ticipant. Neuropsychological test performance was not used to
characterize deficits that require cognitive accommodations, but
future studies could evaluate whether testing could be an effective
augmentation.

Conclusions

While significant effects were not observed with the primary
outcome variable (drinks/week), screening, education, and brief
intervention adapted using cognitive accommodations appeared to
be more effective at preventing the resumption of alcohol use
when compared to screening and education alone. These effects
were observed even when some participants only received one ses-
sion. The use of a health and wellness approach provided insight
into the potential role of other health behaviors in the resumption
of substance misuse following TBI, and deserve additional study.
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