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Objective: The purpose of this study was to review the literature relating to the psychosocial
costs associated with traumatic brain injury (TBI).

Methods: Nine online journal databases, including MEDLINE, CINAHL, PsychINFO, and
PUBMED, were queried for studies between July 2010 and May 2012 pertaining to the economic
burden of head injuries. Additional studies were identified through searching bibliographies of
related publications and using Google internet search engine.

Results: One hundred and eight potentially relevant abstracts were identified from the journal
databases. Ten papers were chosen for discussion in this review. All but two of the chosen papers
were US studies. The studies included a cost-benefit analysis of the implementation of treatment
guidelines from the US brain trauma foundation and a cost-effectiveness analysis of post-acute
traumatic brain injury rehabilitation.

Conclusion: Very little research has been published on the economic burden that mild and
moderate traumatic brain injury patients pose to their families, careers, and society as a whole.
Further research is needed to estimate the economic burden of these patients on healthcare
providers and social services and how this can impact current health policies and practices.
Keywords: head trauma, post concussional syndrome, traumatic brain injury (TBI), costs,
burden, economics

Introduction

Traumatic brain injury (TBI) is a major cause of long-term disability in industrial-
ized and developing countries across the world.! An estimated 10 million people will
be affected annually by TBI, and by the year 2020, it will surpass many diseases as
the major cause of death and disability. This makes TBI a pressing public health and
medical problem. An incidence rate of between 150170 per 100,000 is demonstrated
in Latin America and sub-Saharan Africa due to road traffic accidents compared to
a global rate of 106 per 100,000.' The World Health Organization has predicted that
road accidents alone, which account for many instances of TBI, will constitute the
third largest contributor to the global burden of disease and disability (after heart
disease and depression).?

A recent study of nearly 3000 serious head trauma cases found that 52% of survi-
vors (154/100,000 population) were moderate to severely disabled at 1-year.? Many
patients never recover full social independence, even though they may have no physi-
cal disabilities and a normal life expectancy. At 4 years post injury, Jacobs® found
that most survivors lived with their families and neither worked nor attended school,
imposing significant psychological burden on families who care for injured relatives.*
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Close relationships are at risk and many marriages and part-
nerships break down,’ increasing the risk of social isolation
and subsequent psychological distress to the survivor. Mood
disorders are very common during this period and there is
a high risk of suicide.® There is little evidence of improve-
ment in psychological problems between 2 and 7 years post
injury,” with survivors remaining largely dependent upon
family support, thereby potentially imposing a lifetime
burden on relatives.®

In terms of long term outcomes and recovery, it has been
recognized that disturbances of cognition (often in the form
of executive dysfunction), mood, and behavior constitute
the most debilitating aspects of brain injury.”'" The term
neurobehavioral disability'? has been employed to encompass
the diverse range of disabilities that often result in wholesale
changes in a person’s character or personality. These changes
in personality are often reported by family members as con-
stituting the greatest source of stress and burden, which has
an impact on psychosocial outcome.'>!*

A range of factors can reflect psychosocial outcomes,
such as employment status, social functioning, activities
of daily living, financial status, cognitive impairment, and
emotional disorders. However, the limited number of mea-
sures used by some studies and the variation in measures
of outcomes restricts understanding of the socioeconomic
impact of TBI. Concepts of functional outcome are based on
three dimensions; (1) the need for assistance with selfcare;
(2) employment or productivity; and (3) social relationships.
To some extent, this is reflected in the International Classifi-
cation of Impairments, Disabilities, and Handicaps (ICIDH-2)
model of social functioning and disability'® which redefines
disability and handicap as “activities” and “participation”.
“Activities” are defined as the execution of a task or action
by the individual. “Participation” is the nature and extent of
a person’s involvement in life, covering such areas as com-
munication; mobility; selfcare; domestic life; interpersonal
interactions and relationships; and community, civic, and
social life. Therefore, to properly evaluate outcome, a variety
of measures need to be used, which has not been the case in
the majority of outcome studies. The purpose of this study
therefore is to review the existing evidence relating to the
costs of TBI, particularly the costs relating to psychosocial
costs associated with TBI.

Few studies have been conducted on the very long
term psychosocial outcome (>10 years post injury) of
TBI. Hoofien et al'® reported cases in Israel, ranging from
1020 years post injury (average 14.1 years). A compre-
hensive range of outcome measures in this study included

psychiatric symptoms, vocational status, family integration,
social functioning, and independence in daily routines. Many
participants were found to be depressed and lonely with a
high burden placed on relatives. The divorce rate was higher
than the national average, possibly related to high levels
of hostility and temper outbursts displayed by the sample.
However, employment rates were relatively high (60%) and
79% were living with a spouse or independently. The authors
caution that cultural factors may have influenced their data
but there was a fairly clear relationship between the presence
of behavior problems and poor psychosocial outcome at 14
years. The longitudinal research conducted by Thomsen!”!*
on a group of 40 very seriously injured cases (post traumatic
amnesia >1 month) analyzed at 2.5, 10, and 15 years found
that psychosocial sequelae of brain injury, such as person-
ality change and emotional problems, were more socially
debilitating than physical disability, increasing the risks of
social isolation, caregiver stress, and unemployment. These
problems persisted for a number of years after follow up,
but at the 10—15 year follow up there was an improvement
in some of the cases. In the final follow-up, 20 years post
injury, 31 patients were seen, nearly half of whom were still
living alone, four (12.5%) were married, four continued to
live with parents, and eight (25.8%) were in a nursing home.
Of the sample, 32% displayed threatening aggressive or
sexual behavior, and 61% had no social contacts. However,
23% of respondents had good or very good psychosocial
outcomes. Thomsen did not make explicit the basis upon
which these judgments of good psychosocial outcome were
made but noted that the range of individual differences could
not be explained by severity of injury as measured by post
traumatic amnesia because cases with the longest post trau-
matic amnesia seemed to have the best outcomes. Finally,
Wood and Rutterford’s 2007 UK study also found good long
term psychosocial adjustment in a 16 year follow up study,"’
suggesting that with the passage of time, many individuals
settle into a social routine commensurate with what they
perceive as a reasonable quality of life.

Methods

Electronic databases including MEDLINE, CINAHL,
PsychINFO, and PUBMED were queried for studies on
the economic burden of TBI between July 2010 and May
2012. Additional studies were identified through searching
bibliographies of related publications and using the Google
internet search engine. Search terms were separated into
four distinct topic areas: (1) Head trauma; head trauma,
minor head trauma, moderate head trauma, serious head
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trauma, post concussional syndrome, TBI; (2) Personality
factors; anxiety sensitivity, alexithymia; (3) Somatoform
disorders; hypochondriasis, body dysmorphic disorder; and
(4) Costs; costs associated with, burden of, and economics
of, Quality Adjusted Life Years (QALY)s.

Inclusion criteria

Inclusion criteria for this study included:

e language of publication restricted to English;

e studies relating to the economic burden of head trauma
from the health services and/or society’s perspective;

e studies published in peer-reviewed journals.

Exclusion criteria

Exclusion criteria for this study included:

e non English language publications;

e studies concentrating solely on the quality of life of the
patients and families without any costs;

e abstracts presented at conferences;

e editorials;

e studies not available in full text.

Ninety-nine potentially relevant abstracts where found
from the initial search of the journal databases. A further
nine abstracts were included in the initial search from cross
referencing the papers found. The hundred and eight abstracts
were assessed and analyzed by two of the authors and, after
discussions, mutual agreement decided which ones should
be included.

Twenty-six abstracts were immediately excluded as per
the inclusion criteria (these included one Chinese paper, three
duplicates, and two editorials). The remaining 80 abstracts
were analyzed for relevance, with 72 of these excluded as they
concentrated on the quality of life of the patients and family
burden, etc, but didn’t discuss costs or the economic burden
of TBI. Further, none of the papers specifically discussed
post concussional syndrome or personality factors, and the
economic burden they can potentially cause. Ten papers were
chosen for discussion in the review (see Table 1).

Results

All but two of the ten papers chosen were US studies, reflect-
ing the relative paucity of research published to date on the
economic burden imposed by mild and moderate TBI on
families and the careers of survivors, and society as a whole.
As most of the studies included were US-based, caution has
to be borne in mind when translating the findings to other
healthcare systems. To aid cross-analysis the following stud-
ies have been placed into relevant sections.

Injury prevention

Runge? evaluated past research of the cost of injury to US
health programs, the government, the private sector, indi-
viduals, and at a societal level. The costs associated with
injury were classified into injury type, such as head and
spinal cord injuries, motor vehicles, firearms, falls, and other
causes. Head injuries accounted for 13% of all hospitalized
injuries, 70% of which were minor head injuries. It esti-
mated the annual cost of all head injuries in the US at nearly
$200 million (1991 dollars). Working from 1985 data, the
report stated that 70% of care was paid for by private sources
other than health insurance, federal sources, or workman’s
compensation. The authors concluded that costs of medical
care were rising and that the control of these rising costs
should be through injury prevention.

Costs of TBI

McGregor et al’s review?' aimed to evaluate the economic
importance and efficiency of rehabilitation programs for
TBI patients. Their review estimated that the costs per case
were between $33,284 to $35,954 for mild and $25,174 to
$81,153 for moderate TBI. These costs are mostly based on
acute care.

Ashley etal’s 1997 study? examined the cost effectiveness
of post acute TBI rehabilitation using total lifetime savings
compared to the net present value for the case of “Mr M”.
Total lifetime savings quantified the “total dollars saved as a
result of the decrease in living costs following rehabilitation
when compared to living costs before rehabilitation”.
The number of “projected remaining life years” were
multiplied by these annual savings to produce a total lifetime
savings. Net present value determines the present value
of the costs and benefits of post-acute TBI, comparing
four cost projections of rehabilitation. The programs were
annual life care cost without rehabilitation, projected post-
acute rehabilitation program cost, annual life care cost with
supervised home placement, and annual life care cost with
behavioral group home placement. The cost (1991 dollars)
of care and treatment for the different options were: annual
life care cost without rehabilitation, $222,600; projected
post-acute rehabilitation program cost, $450,000; annual
life care cost with supervised home placement, $49,688; and
annual life care cost with behavioral group home placement,
$84,082.

A 2002 study by Schulman et al** estimated the direct
and indirect cost burden associated with nonuniversal use of
bicycle helmets in the 50 states of the US. The study analyzed
the emergency department records from the National Center
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for Health Statistics (NCHS) using 1993—1995 data. Indirect
costs were calculated using the human capital approach.
Productivity loss due to partial disability was not calculated.
However, loss of productivity for children and adolescents not
yet working was calculated and the authors concluded that
some 327 fatal, 6900 hospitalized, and 100,000 emergency
department cases could have been avoided by universal use
of bicycle helmets. The authors estimated this to equate to
$81 million in direct healthcare costs and $2.3 billion in
indirect healthcare costs. Additionally, these costs vary state
to state, depending on population size, with California hav-
ing an estimate of direct and indirect costs of $320 million
per annum.

Faul et al’s 2007 cost-benefit analysis®* estimated the
financial implications of implementing the treatment guide-
lines of the Brain Trauma Foundation for severe TBI patients.
Using published data, the authors estimated that the imple-
mentation of the Brain Trauma Foundation treatment would
have a positive impact on longterm neurologic disability
burden to family, work, and society as a whole. The medical
savings were estimated to be $11,280 per patient compared
to the estimated cost to society of $164,951. They estimated
the total societal cost savings to be $3,837,577,538.

A 2009 Missouri study® considered the health and eco-
nomic burden of death from TBI between 2001 and 2005.
The four main causes of death from TBI were motor vehicle
accidents, firearms, unintentional falls, and motorcycle
crashes. There was no classification of the severity (eg, mild,
moderate, etc) of injury. The authors estimated the social cost
in terms of years of potential life lost as well as indirect costs
(ie, lost productivity) using present discounted value of future
earnings discounted at 3% per annum. Additionally, direct
costs were calculated from emergency department records.
The authors calculated that the total productivity lost due to
TBI related deaths was almost $1.1 billion annually with the
rate three times higher for males than females. The highest
productivity cost losses were due to motor vehicle crashes at
$513 million. Limitations of the study were underestimating
the emergency department visits and hospitalization costs
(direct costs), due to underestimation of TBI incidence and
the omission of costs due to lost wages, disability, drugs, and
disability. The authors concluded that the indirect costs are
higher than the direct costs, but this study only quantified the
costs due to mortality and not the cost burden of survivors,
their families, or their careers.

Rockhill et al’s 2010 study?® examined the associated health-
care costs of mild TBI and psychological distress in children and
adolescents. Using existing Health Maintenance Organisation

(HMO) mental health data the study comprised 489 individuals
and looked at the extent of healthcare utilization 3 years post
TBI. Over 36% of the total healthcare costs for the TBI exposed
individuals were incurred in the first 6 months after injury and
nearly 53% were incurred in the first year. For patients suffering
psychological distress, approximately 24% of the total 3-year
costs occurred in the first 3 months and 41% occurred in the
first year. The authors concluded that both mild TBI and psy-
chological distress were linked to higher total healthcare costs
in the 3 years following an accident in children under 15 years.
The 3-year incremental cost associated with psychological dis-
tress in a TBI patient was estimated to be $3529 compared to
the incremental cost associated with psychological distress in a
nonTBI patient of $2769. However, the authors only calculated
direct medical costs and did not include out of pocket expenses
and indirect costs linked to loss of time or income incurred by
the children or their families.

Cost-effectiveness of rehabilitation

A 1999 UK study by Wood et al?’ aimed to examine com-
munity based social and behavioral rehabilitation and its
ability to reduce social dependency in a group of adults with
neurobehavioral disability after brain injury. The study also
aimed to evaluate the effect rehabilitation had on direct costs
associated with the community support needed by the cohort
before and after rehabilitation. The study cohort comprised
76 people with severe brain injury receiving post-acute
social and behavioral rehabilitation at two centers operated
by the UK Brain Injury Rehabilitation Trust. The measures
employed by the study tried to reflect: the level of social
recovery; employment; persistent neurobehavioral problems;
care support; costs of care; and factors affecting outcome.
The authors have adopted a narrow economic perspective by
just looking at the direct costs associated with the commu-
nity support, therefore the study doesn’t follow established
guidelines for cost-effectiveness studies and caution should
be used when looking at the results. The authors conclude
that time between injury and the start of rehabilitation is
an influencing factor. For those receiving treatment within
2 years post injury, the cost effectiveness of rehabilitation
appears to be greatest. However, significant social outcomes
and savings on care were also estimated for those in the cohort
who received rehabilitation at later stages.

A 2003 study?® aimed to quantify the longterm costs and
employment characteristics for people with moderate to
severe TBI in supported employment schemes over a 14-year
period. This longitudinal study examined 59 individuals
who had been placed in at least one supported employment
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model between 1985 and 1999. The study found that the
average gross earnings were $26,130 (ranging from $571 to
$168,291). Annual costs of supported employment services
were $8614 which meant that the average earnings were
$17,515 greater than the cost of the employment services.
The authors concluded that supported employment services
appeared to be cost-effective, but also noted that, for example,
start up costs associated with supported employment were
not considered, as the individuals in this study had already
been enrolled in the services. The authors suggested that
emerging programs should expect higher costs in the initial
stages of set up, while additional costs of assistive devices or
accommodations to enable job placement were not included.
Further, additional services such as physiotherapists, speech
therapists, and other rehabilitation professionals were not
calculated. The authors concluded that additional research
is needed to examine the intangible benefits as well as the
impact on social service and disability insurance costs.
Worthington et al’s 2006 UK study® expands on the meth-
odology employed by Wood et al?’ by looking at a clinical

Table | Traumatic brain injury studies

and cost outcome evaluation of a post-acute neurobehavioral
rehabilitation program. A cohort of 101 participants with
severe brain injury was recruited for the study. Key dependent
measures of outcome were chosen: accommodation; support;
independent living ability; occupation; social roles; and costs.
Again, along with Wood et al study, the costs collected were
only direct costs, so the authors adopt a similarly narrow
economic perspective. The authors observed that patients
admitted within 1-year of injury made the most progress.
However, improvements were seen in the entire cohort,
regardless of time since injury. Sensitivity analysis showed
projected lifetime savings of between £1.1 m and £800,000
for patients admitted 12 months post injury; savings of
between £700,000 and £500,000 within 2 years post injury;
and savings of between £500,000 and £360,000 for admission
after 2 years. The authors conclude that initial costs associated
with rehabilitation appeared to be generally offset by savings
in costs of support in the medium and longterm.

Finally, a recent interrogation of the emergency depart-
ment data from the All Wales Injury Surveillance System

Date Country % Female Mean TBI Study Study design  Estimated annual costs
age design grouping (2009 conversion)
Runge JW?2! 1993 US N/A N/A Severe, Review Injury $302 million
moderate, mild prevention
McGregor K, 1997 US N/A N/A Moderate, mild Review Costs of TBI Direct costs range from £28,300
et al? (mild) to £59,600 (moderate)
per patient
Ashley M), 1997 US N/A 33 Severe Cost Costs of TBI Direct costs range from $67,504
et al? effectiveness to $114,231 per patient
analysis
Wood RL, 1999 UK 25 27 Mix Cost Cost Estimated follow up costs: 0-2 years
et al® effectiveness  effectiveness post injury £1,260,000; 2-5 years
analysis of rehabilitation  post injury £1,610,000 and more
than 5 years post injury £2,020,000
Schulman J, 2002 US N/A N/A Severe, Cost of Costs of TBI Direct costs = $98 million. Indirect
et al* moderate, mild injury costs = $2.8 billion
Wehman P, 2003 US 18.6 32.6 Moderate, Cost of Cost -
et al” severe injury effectiveness
of rehabilitation
Worthington 2006 UK N/A 35.6 - Cost benefit  Cost Estimated lifetime savings
AD, et al*® analysis effectiveness £863,000—£1.190,000 admitted
of rehabilitation  within 12 months of injury,
£539,000-£755,000 within 2 years
of injury and £388,000-£539,000 for
admissions after 2 years
Faul M, etal® 2007 US N/A N/A Severe Cost benefit  Costs of TBI Cost savings of approx $4.2 billion
analysis
Kayani NA, 2009 US N/A N/A - Cost of Costs of TBI Productivity loss of $521 million
et al*® injury
Rockhill CM, 2010 US 37.8 N/A Mild Cost of Costs of TBI -
et al?’ injury

Abbreviations: TBI, traumatic brain injury; N/A, not applicable.
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(AWISS)*® and the inpatient data from the Patient Episode
Database for Wales (PEDW) from 01/04/2005 to 31/03/2007
found that, on average, a skull-brain index injury resulted
in mean excess direct medical per patient costs of £28 in
the emergency department sector; £241 in the outpatient
sector; and £5,985 in the inpatient sector. The inpatient cost
highlighted here indicates the extent of both the direct and
indirect costs resulting from TBI.

Discussion

The studies described herein have been undertaken in an
attempt to estimate the economic burden relating to TBI and
the psychosocial conditions associated with neurobehavioral
disability. These factors can seriously affect the quality of
life of patients and their families, as well as increase the
economic burden on society as a whole.

The studies included herein all attempt to quantify either
the economic burden of TBI, be it mild, moderate or severe,
or they attempt to calculate the potential cost savings both
to the individual and/or society as a whole through suc-
cessful TBI rehabilitation programs. For example, Runge
et al* estimated annual direct cost burden of TBI (mild,
moderate, and severe) to be $302 million (2009 prices),
whereas Schulman et al® estimated the same direct cost
burden as $98 million or $2.8 billion (indirect costs;
2009 prices). Worthington et al* estimated cost savings
of between £863,000 and £1.190,000 admitted within
12 months of injury; £539,000-£755,000 admitted within
2 years of injury; and £388,000-£539,000 for admissions
after 2 years (2009 prices) for all types of TBI. Faul et al?*
estimated total cost savings of approximately $4.2 billion
(2009 prices) for severe TBI.

From the current state of knowledge presented in
this selection of papers, it is evident that past research
seems inconsistent and prone to differing methodological
approaches in terms of the costs and outcomes included in
the studies. A number of useful frameworks and matrices
have been proposed although all papers have limitations
associated with them. For example, Ashley et al’s 1997
study?? compared four cost projections of rehabilitation and
calculates the net present value at 35 years discounted at 4%
per annum for each of the programs. However, the authors
don’t specifically estimate the out of pocket and indirect
costs incurred by “Mr M” and his family post TBI. Further,
Faul et al’s 2007 cost-benefit analysis study?* estimated the
financial implications of implementing the treatment guide-
lines of the Brain Trauma Foundation, but only studied severe

TBI patients and failed to estimate mild or moderate TBI.
Finally, Worthington et al’s 2006 study? (a methodological
update of Wood et al’s 1999 study?’) aimed to carry out a
cost-benefits analysis of social outcomes from neurobehav-
ioral rehabilitation programs. The methodology employed
in this study has the potential to yield important economic
results, but the perspective adopted (only direct costs col-
lected) needs to be widened to enable the full societal impact
of neurobehavioral rehabilitation to be analyzed.

Conclusion

As presented in the literature reviewed above, the assessment
of the economic burden of traumatic brain injury is relatively
new, and is subject to numerous attempts at quantification
through varying methods. However, the potential cost sav-
ings both to the individual and/or society as a whole through
successful TBI rehabilitation programs is substantial.

The evaluation of traumatic head injury rehabilitation
treatment, and the possible consequential post treatment
economic burden, provides an excellent scenario for illus-
trating the complexities involved in attempting to integrate
the evidence relating to rehabilitation effectiveness and
resource utilization. However, the apparent lack of recent and
substantial evidence to support this review may also pres-
ent itself as a limitation to the study. Therefore, further cost
analysis research is needed to estimate the economic burden
of these patients on the National Health Service (NHS) and
social services within the UK. Thus, evidence is welcomed
and needed to prove whether this can have an impact on
current public health policies. A recent study by Feigin,*?
a large epidemiological study of TBI in New Zealand, has
contributed to filling the knowledge gap on TBI incidence
and severity. To improve health outcomes, however, public
health practice must translate such findings into policies and
intervention strategies. It advertised itself as “the largest
and most recent study to identify and quantify the potential
economic burden of TBI”. In a broader context, the value of
the aforementioned study lies in advocating for new research
and development of projects and activities that will reduce
the incidence of TBI.

The present review could potentially contribute sub-
stantially to stimulation of public interest and allocation of
both public and private resources to support research and
development in this field.
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