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Abstract:

Background:

The reason why people recover slowly, or fail to recover completely by three months
following mTBI is not fully understood. Minimal research has focused on pre-injury depression
as a risk factor for recovery after injury. There has also been minimal investigation of the
interaction of pre-injury depression with structural brain damage, such as those evidenced on
neuroimaging. This pilot study will prospectively examine the effect of pre-injury depression
levels among complicated and uncomplicated cases of mTBI.

Methods:

Patients were recruited consecutively from the Emergency Room (ER) of Ben Taub
General Hospital, in Houston, TX, from April 2000 to January 2004. Pre-injury depression was
assessed using the Center for Epidemiological Studies-Depression Scale (CES-D) in the context
of the month prior to injury. The outcome measures were assessed at approximately three months
post-injury, and included affective/behavioral, physical, cognitive, and mental health
components.

Results:

There were 186 (84%) that completed the follow-up interview at 3-months time. Using
the CES-D total scores, the sample was categorized into 3 different levels of pre-injury
depression, normal (CES-D <16), mild (CES-D 16-20), and moderate-severe (CES-D > 21).

Compared to normal individuals, moderate-severely depressed mTBI patients report
significantly worse symptoms on four of five measures. There was no association between mild
depression and outcomes. The interaction of pre-injury depression level and complicated mTBI
did not prove to be a significant predictor for any of the outcome measures.

Conclusion:



The data does suggest that moderate-severe pre-injury depression does appear to be a risk
factor for poor affective/behavioral, cognitive, physical, and mental health outcomes at three
months compared to normal individuals. However, patients with mild pre-injury depression are
not at the same increased risk for worse outcomes. The data did not support an interaction effect
between pre-injury depression and complicated mTBI. The primary limitation of this study is
assessing depression up to 30 days prior to injury, shortly after the injury. More research to

address this question should be the focus of future studies.



List of Tables:

Table 1: Selected Covariates by Level of Depression” (n=186): Ben Taub Hospital, Houston, TX (April 2000 to January 2004)

Co-variate: Normal Depression Mild Depression Moderate/Severe P-value
Depression
Age, mean (SD, range) 34.20 (12.3, 54.0) 29.00 (11.2,41.0) 33.15(11.1, 39.0) 0.672
Education (years), mean (SD, range) 10.78 (4.0, 20.0) 9.67 (3.7, 12.0) 10.70 (3.5, 18.0) 0.259
Gender, n (%) 0.161
Male 105 (80.2) 14 (77.8) 22 (64.7)
Female 26 (19.9) 4 (22.2) 12 (35.3)
Race, n (%) ~ 0.089
White 20 (15.3) 1(5.6) 5(14.7)
Black 24 (18.3) 6 (33.3) 13 (38.2)
Hispanic 87 (66.4) 11 (61.1) 16 (47.1)
Language, n (%) 0.059
Spanish 60 (45.8) 7 (41.2) 23 (67.7)
English 71 (54.2) 10 (58.8) 11 (32.4)
Involved in Litigation Trial, n(%o) 0.156
Yes 26 (20.5) 4(22.2) 2 (6.3)
No 101 (79.5) 14 (77.8) 30 (93.8)
Baseline GCS score, mean (SD, range) 14.95 (0.2, 1.0) 14.92 (0.3, 1.0) 14.89 (0.5, 2.0) 0.078
CT scan result, n (%)
Positive 72 (55.8) 8(47.1) 8 (25.0) 0.008*
Negative 57 (44.2) 9 (52.9) 24 (75.0)

A= Measured by Center for Epidemiological Studies-Depression Scales (CES-D)

*=Statistically significant at a=0.05




Table 2: Selected Covariates by HI-FI PCL Score”\(n=186): Ben Taub Hospital, Houston, TX (April 2000-January 2004)

Co-variate: Affective/Behavior: | Cognitive: Mean (SD) Physical Dependency:
Mean (SD) Mean (SD)
Age,
18-30 1.48 (1.6) 1.34 (1.5) 0.99 (1.2)
31-43 1.52 (1.8) 1.34 (1.7) 1.23 (1.5)
44-56 1.04 (1.1) 0.96 (1.36) 1.07 (1.2)
=57 1.29 (2.0) 1.21 (2.24) 0.94 (1.4)
Gender,
Male 1.30 (1.6) 1.20 (1.6) 1.08 (1.4)
Female 1.82 (1.7) 1.54 (1.5) 1.02 (1.0)
Race,
White 1.23 (1.7) 1.26 (1.6) 0.96 (1.2)
Black 1.74 (1.7) 1.55 (1.7) 1.23 (1.4)
Hispanic 1.34 (1.6) 1.17 (1.5) 1.03 (1.3)
Language,
Spanish 1.50 (1.7) 1.36 (1.6) 1.08 (1.3)
English 1.31(1.5) 1.14 (1.5) 1.02 (1.2)
Education,
Less than High School 1.43 (1.7) 1.18 (1.5) 0.97 (1.3)
High School Degree 1.38 (1.4) 1.26 (1.3) 1.33(1.5)
Some College 1.56 (1.8) 1.55 (1.8) 1.00 (1.0)
College Degree 1.37 (1.9) 1.52 (2.4) 1.32 (1.7)
Graduate/ Professional 0.45(0.7) 0.61 (0.8) 0.67 (0.7)
Degree
Involved in Litigation Trial,
Yes 2.28(1.9) 1.87 (1.7) 1.64 (1.6)
No 1.23 (1.5) 1.17 (1.5) 0.94 (1.2)
Baseline GCS score
13 0.43 (0) 0.22 (0) 0 (0)
14 2.04 (2.0) 1.63(2.2) 2.10(1.9)
15 1.29 (1.5) 1.07 (1.3) 1.00 (1.3)
CT scan result,
Positive 1.21(1.5) 0.97 (1.3) 0.93 (1.2)
Negative 1.65 (1.7) 1.58 (1.8) 1.21(1.4)

~: The HI-FI Symptom Severity Scale ranges from an average score of 1-7, with higher average scores indicating more severe symptoms.



Table 3: Selected Covariates by SF-36 Summary Score”\(n=186): Ben Taub Hospital, Houston, TX (April 2000-January 2004)

Co-variate: SF-36 PCS*: Mean (SD) SF-36 MCS*: Mean (SD)
Age,
18-30 46.9 (9.3) 51.3 (10.6)
31-43 45.7 (10.8) 49.3 (12.6)
44-56 45.9 (11.4) 54.1(7.1)
=57 43.4 (11.3) 52.1 (13.6)
Gender,
Male 46.3 (10.4) 51.8 (10.9)
Female 45.8 (9.7) 48.7 (11.4)
Race,
White 41.4 (10.5) 51.5 (11.1)
Black 43.7 (11.1) 48.6 (11.4)
Hispanic 48.3 (9.1) 52.0 (10.9)
Language,
Spanish 43.3 (10.5) 50.3 (11.2)
English 49.3(8.8) 52.1 (10.8)
Education,
Less than High School 48.4 (9.4) 52.2 (10.9)
High School Degree 42.7 (11.0) 50.9 (10.6)
Some College 46.3 (10.0) 48.5 (11.5)
College Degree 44.2 (12.1) 50.3 (13.0)
Graduate/ Professional 41.4 (8.0) 59.0 (3.3)
Degree
Involved in Litigation Trial,
Yes 41.5 (11.5) 48.6 (12.5)
No 47.2 (9.8) 51.8 (10.7)
Baseline GCS score
13 54.1 (0) 63.3 (0)
14 41.6 (11.0) 52.4 (11.7)
15 45.4 (10.4) 51.9 (11.3)
CT scan result,
Positive 46.5 (9.7) 52.8 (11.3)
Negative 46.0 (10.8) 49.6 (10.9)

The SF-36 score are on a scale of 0-100, where higher scores are indicative of more positive health perceptions

*PCS: Physical Component Summary
¥MCS: Mental Component Summary




Table 4: Multiple Linear Regression Model with Interaction term (n=186): Ben Taub Hospital, Houston, TX (March 2000-

January 2004)
Outcome HI-FI: Affect/Behavior | HI-FI: Cognitive HI-FI: Phys. Depend. ¥SF-36: PCS ¥SF-36: MCS
measure:
Explanatory Beta (SE) P Beta (SE) P Beta (SE) P Beta (SE) P Beta (SE) P
variable: p p p
Age (years) -0.006 (0.01) 0.54 -0.005 (0.01) | 0.60 0.004 (0.01) | 0.61 -0.091 (0.06) | 0.14 0.030 (0.07) 0.70
Education (years) 0.009 (0.04) 0.82 0.066 (0.04) 0.07 0.045(0.03) | 0.14 -0.199 (0.23) | 0.39 -0.017 (0.26) | 0.95
Language
Spanish Reference Reference Reference Reference Reference
English 0123(029) | 068 [-0.106(0.28) |0.71 -0.101 (0.24) | 0.68 -5.606 (1.82) | 0.0024* | -1.240(2.08) | 0.55
Litigation status
No Reference Reference Reference Reference Reference
Yes 1.395 (0.32) \ <0.001* | 1.003 (0.30) \ 0.0012* 0.925 (0.26) \ 0.0005* | -8.271 (1.96) \ <0.0001* | -4.850 (2.23) ] 0.03*
CT scan results
Negative Reference Reference Reference Reference Reference
Positive -0.098 (0.28) | 0.73 [-0.161(0.27) | 0.56 -0.010 (0.23) | 0.96 -2.285 (1.75) | 0.19 2424 (1.77) | 0.09
Depression Level
Normal Reference Reference Reference Reference Reference
Mild 0.308 (0.58) 0.60 1.095 (0.56) 0.051 0.403 (0.48) 0.40 3.475 (3.58) 0.33 -4.922 (4.09) |0.23
Mod/Severe 1.293 (0.38) | 0.001* | 1.207 (0.37) 0.0013* | 0.636 (0.32) 0.046* | -4.667 (2.37) | 0.050* -2.813 (2.71) | 0.30
Interaction
CT*Mild 0.208 (0.82) 0.80 -0.582 (0.79) | 0.46 -0.002 (0.68) | 0.99 -4.02 (5.06) 0.43 0.543 (5.78) 0.93
CT*Mod/Sev -0.696 (0.75) 0.36 -0.532 (0.72) | 0.46 -0.262 (0.62) | 0.67 3.17 (4.64) 0.50 -8.044 (5.30) | 0.13

*: Indicates statistical significance at the 0.05 level

" The HI-FI Symptom Severity Scale ranges from an average score of 1-7, with higher average scores indicating more severe symptoms
¥ The SF-36 score are on a scale of 0-100, where higher scores are indicative of more positive health perceptions
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Table 5: Sensitivity Analysis: Among only Uncomplicated mTBI Patients (n=91): Ben Taub Hospital, Houston, TX (March

2000-January 2004)

Outcome measure: "HI-FI: Affect/Behavior | "HI-FI: Cognitive "HI-FI: Phys. Depend. | *SF-36: PCS ¥SF-36: MCS
Explanatory variable: | Beta (SE) P Beta (SE) P Beta (SE) P Beta (SE) P Beta (SE) P
Age (years) 0.001 (0.02) | 0.94 -0.0004 (0.01) | 0.98 0.017 (0.01) | 0.14 -0.193 (0.08) | 0.02* -0.011 (0.10) | 0.91
Education (years) 0.075 (0.06) | 0.24 0.111 (0.06) | 0.09 0.035(0.05) | 048 0.162(0.35) | 0.65 -0.621 (0.42) | 0.14
Language

Spanish Reference Reference Reference Reference Reference

English -0.012 (0.44) ‘ 0.98 -0.290 (0.44) ‘ 0.52 0.013 (0.34) ‘ 0.97 -10.00 (2.43) ‘ <0.0001* | 4.120 (2.89) | 0.16
Litigation status

No Reference Reference Reference Reference Reference

Yes 1.240 (0.47) ‘ 0.001* | 0.714 (0.47) ‘ 0.13 0.782 (0.36) ‘ 0.035 | -8.818(2.59) ‘ 0.001* -2.890 (3.08) ’ 0.35
Depression Level

Normal Reference Reference Reference Reference Reference

Mild 0.352 (0.64) 0.58 1.091 (0.64) 0.09 0.390 (0.49) 0.43 3.387 (3.52) 0.33 -4.929 (4.18) | 0.24

Mod/Severe 1.320 (0.43) 0.003* | 1.199 (0.43) 0.007* | 0.596 (0.33) 0.08 -3.980(2.38) | 0.10 -3.644 (2.82) | 0.20

*: Indicates statistical significance at the 0.05 level
: The HI-FI Symptom Severity Scale ranges from an average score of 1-7, with higher average scores indicating more severe symptoms
¥ The SF-36 score are on a scale of 0-100, where higher scores are indicative of more positive health perceptions
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Table 6: Sensitivity Analysis: Among only Complicated mTBI Patients (n=90): Ben Taub Hospital, Houston, TX (March 2000-

January 2004

Outcome measure: "HI-FI: Affect/Behavior | "HI-FI: Cognitive "HI-FI: Phys. Depend. | *SF-36: PCS ¥SF-36: MCS
Explanatory variable: | Beta (SE) P Beta (SE) P Beta (SE) P Beta (SE) P Beta (SE) P
Age (years) -0.016 (0.014) | 0.24 -0.012 (0.01) | 0.32 -0.011 (0.01) [ 038 [-0.013(0.09) |089 |0.132(0.10) | 0.19
Education (years) -0.042 (0.04) | 0.35 0.027 (0.04) 0.50 0.048 (0.04) 0.23 -0.521 (0.30) | 0.09 0.551 (0.33) 0.10
Language

Spanish Reference Reference Reference Reference Reference

English 0.317 (0.39) | 0.42 0.142 (0.35) 0.69 -0.109 (0.35) | 076 |-1.202(271) |066 |-8.09(2.91) | 0.007*
Litigation status

No Reference Reference Reference Reference Reference

Yes 1.675(0.32) | <0.001* | 1.408 (0.38) <0.001* | 1.094 (0.38) 0.0054 | -7.452 (2.92) | 0.013* | -7.576 (3.14) | 0.02*
Depression Level

Normal Reference Reference Reference Reference Reference

Mild 0.377 (0.41) | 0.47 0.404 (0.47) 0.40 0.255 (0.47) 059 |[0.267(361) [094 |-3.425(3.89) | 0.38

Mod/Severe 0.532 (0.33) 0.37 0.645 (0.53) 0.23 0.340 (0.53) 0.53 -1.871 (4.09) | 0.65 -9.476 (4.40) | 0.03*

*: Indicates statistical significance at the 0.05 level

": The HI-FI Symptom Severity Scale ranges from an average score of 1-7, with higher average scores indicating more severe symptoms

¥ The SF-36 score are on a scale of 0-100, where higher scores are indicative of more positive health perceptions
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Background:

Traumatic Brain Injury (TBI) is a leading cause of mortality and morbidity in the United
States, and individuals of all ages, races, and income are affected. ! Each year in the United
States, roughly 1.4 million Americans suffer a TBI. Of these individuals, 1.1 million visit
Emergency Departments (ED), 235,000 require extended hospitalization, and roughly 50,000 die
as a result of injury.? However, it is noted that a survey analysis done in the late 1990's showed a
51% decrease in TBI-related hospital admissions from 1980 to 1995.% This is likely the result of a
shift in care for less severe TBI cases from extended hospitalization to outpatient clinics.

The leading cause of TBI is falls, which account for 35.2% of cases.* Falls cause half
(50%) of TBI's among children age 0 to 14, and 61% of TBI's among adults over age 65.% The
second leading cause is motor vehicle accidents, which account for 17.3% of cases.* These types
of injuries account for the largest percentage of TBI-related deaths. Another major cause of TBI's
are struck by/against events, which include colliding with a moving or stationary object. This
represents about 16.5% of TBI events. Assaults account for roughly 10% of cases of TBI.>

Although TBI can occur among any age, sex, or race, there are high risk groups. Males
are nearly 60% more likely than females to suffer a TBI.® There exists a bimodal age distribution
of cases of TBI, with children 0 to 14, and adults over 65 at the greatest risk for injury. Active
military personnel and athletes are two particularly high risk groups, with blast injuries in
combat and sports-related concussions being the most common source of injuries in these
groups, respectively.®

Mild Traumatic Brain Injury (mTBI) cases account for roughly 80% of all TBI's.
Individuals who have sustained a mTBI experience cognitive, physical, and emotional symptoms

in the first few months post-injury’; however, 80-90% of patients recover to pre-morbid form
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within three months after the injury.®® Unfortunately, roughly 10-20% of individuals do not fully
recover in all aspects within three months. ®° This subgroup of patients has been termed by
researchers as the "miserable minority."'° The reason why people recover slowly or fail to
recover completely from mTBI is not fully understood. The family and societal burden that
results from individuals not returning to pre-injury function, makes mTBI a significant public
health and economic concern. In fact, it is estimated that the direct and indirect costs (i.e. loss of
productivity) of TBI per year total an estimated $76.5 billion in the United States.™

Further, the major risk factors for poor recovery following mTBI identified in the
literature include: a history of pre-existing physical limitations, prior neurological problems (e.g.
stroke or epilepsy), previous brain injuries, and female sex.'? One risk factor for recovery that
has received limited research is the development of depression following mTBI.**™*

Much less work has been done in considering pre-injury depression as a risk factor for
recovery after injury. Depression is a common and debilitating psychiatric disorder in the
general population, affecting roughly 8% of Americans over 12 years old.*® Persons who are
depressed have feelings of sadness, loneliness, irritability, hopelessness, agitation, and guilt that
may be accompanied by a myriad of physical symptoms.*” The World Health Organization has
recognized depression as the leading cause of disability worldwide.™ The effect of pre-injury
depression on recovery course among mTBI patients is currently unclear.

Ponsford et al.? studied this question, and found a subgroup of 24% of mTBI patients
who still suffered symptoms at three months. These authors reported that individuals who had
persistent problems were more likely to have a history of previous psychiatric issues or
significant life stressors. They suggest that these continuing psychological problems will

negatively affect a person’s ability to cope with the injury, which leads to a greater persistence of
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symptoms. It is noted that Ponsford and colleagues did not specifically explore pre-injury
depression, but rather looked at psychological adjustment and concurrent life stress.

Rapoport et al.*®

examined the impact of major depression on outcome by prospectively
following 170 mTBI patients that were admitted to a tertiary referral center for trauma patients.
The patients were given a Structural Clinical Interview for DSM-IV (SCID) from a psychiatrist
shortly after injury. They reported that 15.3% of their sample had major depression at the time of
injury, and these individuals were more likely to have worse subjective and objective outcomes.
Suhr & Gunstad®® compared groups of patients with depression and brain injury, without
depression and brain injury, depression without brain injury, and controls without brain injuries
or depression, for neuropsychological and cognitive outcomes. The authors found that
depression, not brain injury status, largely accounted for the elevation in cognitive symptom
reporting.

On the contrary, other studies have failed to establish a significant association between
pre-injury depression and outcomes. One case-control study found no significant difference in
outcomes between pre-injury depressed and non-depressed patients on the reporting of somatic,
cognitive, sensory, and affective symptoms at three months after injury.?* Another prospective
study found virtually no relationship between having a pre-injury psychiatric problem and having

persistent physical, psychological, and behavioral outcomes.? Mooney et al.?®

retrospectively
analyzed medical records and conducted patient interviews regarding pre-injury mental health
conditions and found no significant association between pre-injury depression and post-injury
disability, including physical, psychological, and behavioral symptoms.

In addition to the psychological aspects, mTBI has a notable neurological impact on the

brain. The nature of mTBI is characterized by immediate physiological changes that can be
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thought of as a multi-layered neuro-metabolic cascade that involves ionic shifts, abnormal
energy metabolism, lower cerebral blood flow, and diminished neuro-transmission.?* The most
common method used in ED's today to assess neurological deterioration is the Computed
Tomography (CT) scan.?® There is a subgroup of patients known as “"complicated” mTBI cases
that are classified by neuroradiologists to have intracranial injuries that appear as space-
occupying regions in a CT scan. The space occupying regions are the result of differences in
density between these regions and adjacent brain tissue. ° Larger volumes of the space-
occupying regions are indicative of greater intracranial damage in that area.?® Williams and
colleagues?®’ noted that these patients had similar 6-month outcomes to patients with moderate
TBI. Iverson®® analyzed a group of complicated cases, and matched uncomplicated individuals,
for recovery following mTBI. The results from this study showed that individuals with
complicated mTBI have generally slower recovery in the first few weeks post-injury. This
finding is consistent with another study that also showed poorer cognitive and affective
outcomes for complicated mTBI patients 2-3 months post-injury.? Despite some evidence of a
slower recovery from injury among complicated cases of mTBI, CT scan results alone do not
predict good or poor outcome in the majority of patients.*

The reason why some mTBI patients still show residual health issues three months after
mTBI is not well understood. Mild brain injury is, by nature, a very heterogeneous disorder with
each individual case being unique in both its etiology and symptom presentation.*! Physicians
and researchers in the field have devoted much effort to identifying high risk patients for poor
recoveries. However, there is still little consistent evidence in the literature for any individual
risk factor strongly predicting outcome.” An interaction of many factors: psychological,

neurological, social, and contextual likely impact the reporting of symptoms.*? Other extraneous
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factors (e.g. litigation status) may also substantially bias symptom reporting although firm
evidence for this is lacking.

With the purpose to better understand the impact of pre-injury depression on recovery
following brain injury, the present pilot study prospectively followed consecutive mTBI patients
admitted to a Level 1 County Trauma Center in Houston, Texas. The study measured overall
recovery, including physical, mental, and cognitive health three months after injury. Although

there have been other follow-up studies of hospital-admitted mTBI patients®**%

, the strengths of
this study are its larger sample size, high follow-up rate, and consecutive injury patient
recruitment from the ED rather than patients admitted to tertiary centers only for clinical reasons.
The study also looked at the impact of being a complicated versus uncomplicated case of mTBI
based on CT scan. The results also considered the litigation status of a patient at the time of
follow-up.

Materials and Method:

The patients in this study were recruited consecutively from admission records from the
Emergency Department (ED) of Ben Taub General Hospital, a Level | Trauma Center in
Houston, TX, from April 2000 to January 2004. The inclusion criteria for the study required the
patient to have sustained a mTBI as defined by the Brain Injury Interdisciplinary Special Interest
Group of the American Congress of Rehabilitation Medicine.® This definition includes four
main criteria: 1) any period of loss of consciousness (LOC), 2) any loss of memory for events
immediately before or after the accident, 3) any alteration in mental status at the time of the
accident, and 4) focal neurological deficits that may or may not be transient. For the current

study, medical documentation of altered consciousness was required, as well as an initial

Glasgow Coma Scale (GCS) score between 13-15 in the ED. For cases where the initial GCS
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score was depressed by alcohol, anesthetics/sedation, or intubation, the GCS score upon
emergence from the intoxicated or sedated state was used, up to 6 hours after injury.

Exclusion criteria included a history or diagnosis of the following conditions: a previous
head injury requiring hospitalization, a central nervous system disorder affecting cognitive
functioning (e.g. stroke, dementia, epilepsy) or a major diagnosed psychiatric disorder (e.g.
schizophrenia or bipolar disorder). Homeless individuals or transient visitors to the Houston area
were not included due to the anticipated difficulty in follow-up.

Of the 271 persons meeting eligibility criteria, 222 provided informed consent and
completed a baseline assessment an average of 10 days after injury. Informed consent and
assessment were conducted during the patient's hospital stay only when participants were
adequately oriented, as defined by a score greater than 76 on the Galveston Orientation and
Amnesia Test (GOAT). Participants who were not oriented prior to discharge home from the ED
were consented to be contacted within 2 weeks.

Outcome measures (described below) were administered at three months post-injury. All
measures were written in English or Spanish and administered orally to the participants by an
English- or Spanish-speaking, trained research assistant. Of those who completed baseline
assessment, 186 individuals were followed and assessed at three months time.

Baseline Measures:

Center for Epidemiological Studies-Depression Scales (CES-D)

The CES-D is a 20-item self-report scale that evaluates depressive symptoms in the
general population. The scale was administered by a trained bilingual research assistant while the
patient is in the hospital. Each of the patients received an anonymous patient number. The

interviewer's were instructed to ask the questions as they appear on the scale, and only answer
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questions pertaining to the task. The questions were chosen from a pool of previously validated
depression scales. Patients were asked to rate their symptom severity as: 1) rarely or none of the
time, 2) some or a little of the time, 3) occasionally or a moderate amount of time, 4) most or all
of time. In this study, the questions were asked in the context of 30 days prior to injury. The four
factors represented in this scale are: depressed affect, positive affect, somatic problems and
retarded activity, and interpersonal relationship problems, with an emphasis on depressed
affect.® The scores range from 0-60, with higher scores reflecting greater symptoms of
depression. In the clinical setting, scores less than 16 are considered normal, scores of 16 to 20
mild depression, 21 to 26 moderate depression, and greater than 26 severe depression.® In this
analysis, moderate and severe depression were combined into one subgroup. The internal
consistency (Cronbach's alpha statistic) of the CES-D has been estimated at 0.85 in the general
population, and 0.90 in a psychiatric patient population.®

Outcome Measures:

Thirty-Six-lItem Short-Form Health Survey (SF-36) Physical Component Summary (PCS)
and Mental Health Component Summary (MCS)

The SF-36 is a 36-item measure of overall perceived health, with higher scores reflective
of more positive health perceptions. The test is a generic measure, as opposed to a test that
targets a specific age or disease type. The scores range from 0-100 (lowest to highest), with the
median score being approximately 53 in the general population for both the PCS and MCS.*’ In
this study, Physical and Mental health component scores were constructed from eight subscales.
The PCS included items pertaining to self-care, physical, social activities, bodily pain, and
energy levels. The MCS involved questions pertaining to psychological distress, social and role

disability due to emotional problems.® The SF-36 has a construct-based interpretation, meaning
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it answers questions about the underlying meaning of overall health concepts.* In the general
population, the Cronbach's alpha statistic ranges from 0.89 to 0.94 for the Physical Component
and 0.84 to 0.91 for the Mental Health Component score.*’

Head Injury-Family Interview (HI-FI) Problem Checklist (PCL):

The PCL of the HI-FI is a checklist of symptoms (e.g. Poor Balance, Difficulty Planning
and Organizing, Depression) that is meant for specific administration to the TBI population. The
form of the scale has two parts, symptom endorsement and symptom severity. The symptom
endorsement scale requires the patient to provide a "yes/no" response to the presence of a
problem. The symptom severity component requires the patient to rate on a 1-to-7 Likert scale to
the "extent of a problem the symptom presents to daily functioning”, with 1 being the most mild,
and 7 being the most severe. If a patient said "no" to the existence of the symptom, they will be
automatically assigned a 0 on the severity scale. For this study, the symptom severity scale is
utilized.

Based on a factor analysis, the PCL was classified into three-factors. Factor 1 contains 14
items representing Affective/Behavioral problems, factor 2 contains nine items that correspond
to Cognitive problems, and factor 3 contains eight items that represent Physical/Dependency
problems.** For this study, each of the three factors is considered as a separate outcome measure.
Data Analyses:

Those individuals that reported a 7 for every item of the HI-FI PCL: Problem Severity
score of a given factor were removed as an outlier due to the likelihood of an over-endorsement
of symptoms. This was a total of 2 subjects in the entire sample. No other outliers were identified

for the baseline or outcome variables. In the multivariate regression analyses, the variation
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inflation factors (VIF) and tolerance were well below the threshold for variable elimination.
Thus, there is likely no meaningful multicollinearity in the model.

In order to determine the demographic characteristics of the sample, frequency measures
were utilized for the categorical variables, and means were used for the continuous variables. To
examine the association of pre-injury depression and CT scan results with mental, physical, and
cognitive health outcomes three months post-injury, a series of hierarchical linear regression
models were performed, controlling for the covariates of age, education, language, and litigation
status. In order to put the two and three-level categorical variables into the multivariate model,
they were dummy coded using n-1 variables. For example, for depression, the model included
the mild and moderate-severe depression variables, using normal individuals as a reference. The
variables in the model include: age, education, language, litigation status, CT scan result, mild
depression, and moderate-severe depression. There was a regression model run for each of the
following outcomes: HI-FI PCL Affect and Behavior Problem Severity score; HI-FI PCL
Cognitive Problem Severity score; HI-FI PCL Physical Dependency Problem Severity score; SF-
36 PCS; and SF-36 MCS. The data was analyzed using SAS 9.2.%

Results:

There were 221 participants who completed the baseline assessment. Of this cohort, 186
(84%) completed the follow-up interview at three months time. The average age of the cohort
was 33.6 years with 144 males (77%) and 42 females. The sample consisted of 28 Whites (15%),
44 Blacks (24%), and 114 Hispanics (61%). The mean number of years of education for the
cohort was 10.6 years, with 62% of the sample having an annual income less than $30,000.
There were 121 patients (95%) with a baseline GCS score of 15, 6 with a GCS of 14, and 1 with

a GCS of 13. There were 32 patients (18%) in the sample that were involved in litigation at the



21

three month follow-up. The sample is comprised of 91(50%) complicated and 90 uncomplicated
cases of mTBI. There were five participants whose CT scan results were missing.

The detailed demographic information of the study population is provided in Table 1,
stratified by level of depression. Using the CES-D total scores, the sample was categorized into
three different levels of pre-injury depression. The majority of the cohort (72%) was considered
normal (CES-D total score < 15). The mildly (CES-D total score 16-20) and moderate-severely
(CES-D total score > 21) depressed group consisted of approximately 10% and 18% of the
sample, respectively.

The mean values for the HI-FI PCL symptom severity (0-7 range) for selected covariates
are given in Table 2. The mean HI-FI PCL among individuals with complicated mTBI is 1.21
(0-5.7 range) for Affective/Behavioral-related symptoms, 0.97 (0-5.9 range) for Cognitive-
related symptoms, and 0.93 (0-5.4 range) for Physical Dependency measures. The mean HI-FI
PCL among individuals with uncomplicated mTBI is 1.65 (0-7 range) for Affective/Behavioral-
related symptoms, 1.58 (0-7 range) for Cognitive-related symptoms, and 1.21 (0-5.9 range) for
Physical Dependency measures.

The mean values for the SF-36 (0-100 range) summary scale for selected covariates are
given in Table 3. The mean SF-36 PCS among individuals with complicated mTBI is 46.5 (20.5-
65.6 range), and SF-36 MCS is 52.8 (16.7-66.8 range). The mean SF-36 PCS among individuals
with uncomplicated mTBI is 46.0 (14.8-65.7 range), and SF-36 MCS is 49.6 (20.0-65.7 range).

There were five separate hierarchical multiple regression models (see Table 4) run for
the three subscales of the HI-FI PCL (Affect/Behavior, Cognitive, and Physical Dependency)
and two subscales of the SF-36 (Physical and Mental Component Score). The models controlled

for the covariates of age, education, language, and litigation status.
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HI-FI Affective and Behavioral Symptom Severity:

There was a significant association between moderate-severe pre-injury depression and
affective and behavioral outcomes (f=1.293, p=<0.001). There was no evidence of any
significant difference among mild pre-injury depression compared to normal ($=0.308, p=0.60).
The data did not support an interaction of pre-injury depression and CT scan results to affective-
behavioral outcomes (=-0.696, p=0.36). The litigation status of the patient at the three month
follow-up was highly associated with symptom reporting (p=1.395, p=<0.001).

HI-FI Cognitive Symptom Severity:

The data showed an association between moderate-severe pre-injury depression and
cognitive outcomes (p=1.207, p=0.0013). There was a modest, but non-significant, association
between mild pre-injury depression and cognitive outcomes (f=1.095, p=0.051). There was no
interaction between pre-injury depression and CT scan results for cognitive outcomes (p=-0.532,
p=0.46). The litigation status of the patient at three-months was strongly associated with
cognitive symptom reporting (f=1.003, p=0.0012).

HI-FI Physical Dependency Symptom Severity:

There was marginal significance between moderate-severe pre-injury depression and
physical dependency outcome measures (f=0.636, p=0.046). There was no relationship between
mild pre-injury depression and physical dependency outcomes (=0.403, p=0.40). The data did
not support an interaction between pre-injury depression and CT scan results and physical
dependency outcomes (f=-0.262, p=0.67). The litigation status of a patient at three-months was
strongly associated with physical dependency outcomes (p=-0.925, p=<0.001).

SF-36 Physical Component Summary (PCS):
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There was a modest association between moderate-severe pre-injury depression and
greater symptom reporting on the SF-36 PCS (=-4.667, p=0.050). There was no association
between mild pre-injury depression and SF-36 PCS outcomes (=3.475, p=0.33). There also was
no interaction between pre-injury depression and CT scan result and PCS outcomes (=3.170,
p=0.50). The litigation status of patients showed a strong relationship with PCS outcomes (3=-
8.271, p=<0.001).

SF-36 Mental Component Summary (MCS):

The data did not support a significant association between moderate-severe pre-injury
depression and SF-36 MCS outcomes (p=-2.813, p=0.30). There was also no relationship
between mild pre-injury depression and SF-36 MCS outcomes (f=-4.922, p=0.23). There was no
evidence of an interaction between pre-injury depression and CT scan result and MCS outcomes
(B=-8.044, p=0.13). There was a significant association between the litigation status of a patient
and SF-36 MCS outcomes (3=-4.850, p=0.03).

Sensitivity Analysis:

Due to the small cell sizes in the interaction terms, two post-hoc sensitivity analyses
models were performed by stratifying the CT scan results as complicated or uncomplicated to
test the robustness of the data. The same covariates as the full analysis were included, and the
estimates (J3) for the depression categorical variable were compared. Among only uncomplicated
mTBI cases (see Table 5), the estimates for moderate-severe depression were nearly identical to
the full analysis for the HI-FI PCL outcomes: Affective/Behavior (f=1.320) Cognitive
(B=1.199), Physical Dependency (p=0.596). Similarly, the SF-36 outcomes among only
uncomplicated cases were also nearly identical to the full analysis (PCS: f=-3.980; MCS: pf=-

3.644).
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In the model among only complicated mTBI patients (see Table 6), the estimates for the
HI-FI PCL and SF-36 scales deviated slightly from the estimates calculated in the full analysis,
especially among those with moderate-severe pre-injury depression. The HI-FI PCL outcome
estimates for moderate-severe pre-injury depression were: Affective/Behavior: p=0.532;
Cognitive: f=0.645; Physical Dependency: $=0.340. The SF-36 outcome estimates for moderate-
severe depression were: PCS: p=-1.871, MCS: =-9.476.

Discussion:

Due to the heterogeneous nature of mTBI, it is important to consider recovery following
brain injury in a larger context by examining a variety of factors. Depression, a leading cause of
disability in itself, has been understudied as a pre-morbid risk factor for recovery following
mTBI. This pilot study prospectively examined the impact of pre-injury depression levels among
complicated and uncomplicated cases of mTBI, while controlling for socio-demographic and
selected contextual covariates. The data suggests that moderate-severe pre-injury depression
appears to be an independent risk factor for poor affective/behavioral, cognitive, physical, and
mental health outcomes at three months compared to normal individuals. Patients with mild pre-
injury depression are not at the same increased risk for worse outcomes.

The data did not support an interaction effect between pre-injury depression and
complicated mTBI, as assessed by presence of structural damage on the CT scan. Although the
interaction term in this study did not prove to be statistically significant, this could be an artifact
of small cell sizes in the interaction term, as evidenced by the sensitivity analysis that showed
somewhat different model estimates among complicated and uncomplicated patients. In order to

study the interaction between pre-injury depression and post-injury neurological deterioration,
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there is a need for future studies with larger sample sizes to have sufficient power to detect an
association if one exists.

The litigation status of patients shows a strong association with worse self-reporting of
outcomes. Litigation status has not been widely considered in this area of research but this
possible source of reporting bias suggests it is highly advised that future studies account for this
variable when using any self-report measures of symptoms.

The primary limitation of this study is actually assessing pre-injury depression (up to 30
days prior to injury), shortly after the injury. The results of this pilot study should thus be
interpreted with caution as there is a substantial likelihood of reverse causality. The strong
association between the litigation status of a patient and outcomes is further evidence that bias in
self-report data is likely among the mTBI population.

It is also important to note that this study was conducted among a low socio-economic,
low education, and largely Hispanic patient population. As a result, there may be issues with the
generalizability of the results. However, the age and gender distribution in this patient population
is very comparable to the general TBI population.®

With the aforementioned considerations in mind, there is still a need for necessary
protocols in place in hospitals to identify patients soon after brain injury that are particularly at
risk for poor long-term recoveries. This can potentially have a large impact on treatment
planning for clinicians. For example, patients can be entered into Cognitive Behavioral Therapy
(CBT) for the treatment of depression, which has shown some promising results in the TBI
population.* There is also evidence that antidepressant therapy, such as the drug sertraline, a
common selective serotonin reuptake inhibitor (SSRI), can result in significant improvements in

cognitive symptoms for mTBI patients with depression.*
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As previously emphasized, there is no consensus in the literature to why a subset of
mTBI patients fail to recover completely in three months. The role of pre-injury depression as a
risk factor to recovery has shown mixed results in the literature. Due to the high prevalence of
depression in the general population, there is a need to understand its role in the rehabilitation
process for mTBI patients. It is advised that future studies specifically examine the role of pre-
injury depression and post-injury neurological deterioration to explain functional outcomes. It is
necessary to find more objective ways to assess pre-injury depression, such as clinically
diagnosed depression from medical records or family and spouse interviews. It is the hope that
stronger evidence in this area will assist in a shift towards a more patient-focused treatment plan

for mTBI patients instead of a one size fits all treatment that is common in hospitals today.*®
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