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Abstract

Objective—To test whether improved functional status correlates with more depressive
symptoms following traumatic brain injury (TBI). This is based on the concept that increasing
awareness of deficits may exacerbate depression, even while survivors are making functional
improvements.

Setting—Discharge from private or public hospital in major metropolitan area.

Participants—471 individuals with TBI (72 % Caucasian; 71% male; median Glasgow Coma
Scale score =11; median follow-up period = 6 months).

Main Measure—Beck Depression Inventory-11 (BDI-11), Glasgow Outcome Scale-Extended
(GOS-E), Functional Status Examination (FSE)

Results—We found significant Spearman's rank order correlations between BDI-11 scores and
the total FSE as well as all domains of the FSE. Lower functional levels correlated with more
depressive symptoms. Modeling of predictive factors, including subject characteristics, injury
related characteristics and outcome measures, resulted in 2 models, both containing age and GCS
along with other factors.

Conclusion—The relation between depressive symptoms and functional outcomes is complex
and a fertile area for further research. The authors would encourage clinicians to monitor patients
for depressive symptoms to help prevent the detrimental impact on recovery.

Introduction

During their recovery and for the duration of their lives, traumatic brain injury (TBI)
survivors of all severity levels face numerous obstacles. One of the most common
challenges, depression, is found throughout the spectrum of TBI severity, but most focus on
mild to moderate injuries, reflecting rates of injury severityl. During the first 12 months
after TBI, rates of major depressive disorder (MDD) determined by diagnostic interview
range between 20-30%2°6. Most recently, Bombardier7 found 53.1% of their population to
have had MDD at least once during the first 12 months after TBI. By comparison, 12 month
rates of MDD in the general population are reported to be 6.6%8 and 16.6%?9 for lifetime
incidence.

Depression after TBI negatively influences cognition10712, executive function 12714,
psychosocial function 11+ 13, employment 15:16, social and recreational activities 10' 13
17720, social roles7: 11, and functional outcomes10: 15 19: 21723. Those with post-TBI
depression perceive their own injury and outcome to be worsel7. While the pathophysiology
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of post-TBI depression is currently unknown, the impact of early depression on functional
outcomes may be due, in part, to decreased participation in rehabilitation. In the general
population, depression is associated with impairment of executive function24.

Investigations of the relation between injury severity and development of post-TBI
depression have yielded mixed results. Some researchers have found no relation7: 25, a
positive link2, or an inverse link3 between injury severity and depressive symptoms. Some
authors have theorized that milder injuries produce less cognitive dysfunction and,
consequently, more awareness of functional deficits, leading to an increased risk of
depressive symptoms26. Subjects with greater awareness of deficits are more likely to
complain of depression27-31. Others have found that poor self-awareness leads to higher
levels of psychological distress and worse psychosocial outcome32. Some studies indicate
that those whose injury occurred greater than 6 months prior to the mood assessment were
more aware of their deficits and exhibited greater emotional distress27: 28: 33: 34. The
relation between the development of post-TBI depression and injury mechanism was
explored by Glenn35 who found a negative relation between violence as a mechanism of
injury and depression after mild TBI. Bombardier7 did not find a significant relation
between violent injuries and post-TBI MDD including all levels of injury severity. Others
exploring this relation in the context of mass violence have reported relations among TBI,
depression and post-traumatic stress disorder (PTSD)36' 37. The evidence for the link
between educational level and development of post-TBI depression has been mixed, with
some associating a lower level of education with depression31: 38: 39 while others found no
impact2: 7+ 13.

To achieve a better understanding of the connection between functional abilities and post-
TBI depressive symptoms, the relatively novel Functional Status Examination40 (FSE) was
used to examine this relation. Compared to more standard measures of functional outcome
such as the Glasgow Outcome Scale-Extended41 (GOS-E) and the Disability Rating Scale42
(DRS), the FSE explicitly examines domains of Cognitive Function and Social Integration
as well as standard domains of Mobility and Personal Care40: 43. It takes into account the
scaffold of the World Health Organization44 of disability, handicap and impairment.
Developed with consideration of the reported limitations of existing scales, it was designed
to address the lack of sensitivity and low ceiling effects40 of earlier scales. The FSE
explores changes in abilities as a function of health, including TBI, and includes the full
spectrum of possible outcomes. The FSE (measured by self-report) has been previously
correlated with depressive symptoms measured by the CES-D45, with a Spearman's rank
order coefficient of 0.42 (p<0.001).

While multiple factors may influence the development of depression, the hypothesis is that
the lower FSE scores, indicating better function, will correlate with higher Beck Depression
Inventory-1146 (BDI-I1) scores (increasing symptoms of depression). We theorize that as
persons with TBI improve functionally, they become more self-aware, and depression
ensues as they struggle to accept the outcome of a life-altering event. We also investigate the
impact of injury mechanism on the development of significant depressive symptoms.
Specifically, we hypothesize that injuries sustained through violent means will be more
associated with depressive symptoms. Potential predictive factors of depression after TBI
are examined in an exploratory manner.

We started with a database of 1279 potential participants with TBI who were part of a
prospective study between February 2004 and July 2009, having been recruited from two
sites encompassing both private and public assistance patients in a major U.S. metropolitan
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area. The initial study inclusion criteria required 1) TBI needing hospitalization; 2) greater
than 14 years old; 3) informed consent obtained. Demographic and injury related data was
collected at enrollment. The Glasgow Coma Score47 (GCS) was the lowest score within 24
hours of admission. Participants were contacted 6 to 12 months after injury for a telephone
interview that included the Beck Depression Inventory-Il, the Glasgow Outcome Scale-
Extended (GOS-E), and the Functional Status Examination (FSE).

For this study, the inclusion criteria were 1) age at injury between 14 to 65 years; 2) subject
participation in the structured telephone interview during which the BDI-11 was collected. Of
the 1279 individuals included in the database, 334 were lost to follow up; 474 had
information provided by surrogates; and 471 met the required inclusion criteria. Those who
did not have the BDI-II measure were either unable to independently participate in the
interview due to poor cognitive function, or had a surrogate complete the phone interview.
Interviewers were experienced in communication and interaction with persons with TBI.
During completion of the demographic and functional questions posed during the interview,
the participant's ability to accurately complete the BDI-1I was subjectively determined by
interviewers.

The original project (Genetic Factors in Outcome after Traumatic Brain Injury RO1
HDA48179, Diaz-Arrastia, PI) from which these data are drawn received institutional review
board approval. De-identified data were used for this retrospective study; therefore, this
study did not require institutional review board approval, but was registered.

The Glasgow Coma Scale47 assesses depth of impaired consciousness and coma using an
ordinal scale consisting of three components (motor, eyes, and verbal). Total scores are the
sum of the components and range from 3 to 15 with lower scores representing lower
function. In an article combining data from multiple sources with persons in coma from a
variety of causes, Prasad48 reports reliability with trained users to be 0.8-1 (intraclass
correlation coefficient).

Administered via a structured interview, the Functional Status Examination40 is a 10
domain measure of outcome designed specifically to evaluate changes in daily activities
after traumatic brain injury. The ten domains are: Social Integration, Leisure and Recreation,
Home Management, Travel, Executive Function, Ambulation, Major Activity Involving
Work or School, Financial Independence, Personal Care, and Standard of Living.
Comparing current functional activities to pre-injury function, scores range from 9 to 41,
with lower scores indicating better function. A score of 41 means the subject has expired.
When administered by trained personnel40- 43+ 49, the validity (between FSE and GOS rho
=-0.72; FSE and GOS-E rho =-0.83) and test-retest reproducibility (rho = 0.8) have been
established in the TBI population. One of the FSE's advantages over the GOS-E is the
instrument’s ability to provide a more descriptive functional picture.

The FSE asks participants to rate their functional abilities framed in reference to pre-injury
function. The questions are usually read: “Due to your injury, is anyone helping you more
now with (functional activity),” followed by a series of yes/no questions that ultimately
results in a score for each domain. Scores are ordinal with four levels (1-4), except for
standard of living which adds a level indicating post-injury improvement (5 levels: 0-4). A
score of 1 represents no change in function from pre-injury level. When a subject is not
working or going to school (retired, working in the home or unemployed both before and
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after the injury), the scores for the other nine domains are averaged. This averaged score is
then used to represent the value for work activities. It is added into the scores for the other
nine domains to obtain the total FSE score.

The Glasgow Outcome Scale-Extended41 is an 8-level ordinal scale measuring outcome
after injury, with 1 meaning death and 8 meaning “upper good recovery”. It is administered
via a structured interview41: 50 and has been validated for use via telephone51. In a
population of TBI survivors, the inter-rater reliability kappa was reported to be 0.84; test-
retest reliability was reported to be 0.9251.

The Beck Depression Inventory-1146 is a commonly used 21-question measure of depression
symptom severity. Each item is scored 0 to 3, with lower scores representing lesser
symptoms of depression. Total scores range from 0 to 61. Cut offs used in this study are
consistent with those given in the BDI-Il1 Manual46; 0-13 corresponds to “none to minimal”
depression and scores greater than 13 correspond to “clinically symptomatic” depression.
The internal consistency was reported to be 0.89-0.9152°54 in separate populations of
undergraduate students. Using an ROC analysis, Homaifar55 reported on the sensitivity and
specificity of the BDI-II in the TBI population. They recommend using different dividing
points for depression in the TBI population based on severity of injury. For those with mild
TBI, a BDI-II score greater than 18 is recommended to be considered depressed; for
moderate to severe TBI, score greater than 34 was considered depressed. These dividing
points provide sensitivity of 0.87 and specificity of 0.79. The factor structure of the BDI-II
in the TBI population has been analyzed. Using a relatively small sample size and the
traditional cut-off of >14 for depression, Rowland56 reported a 3 factor structure. There is
no information available regarding the validity of telephone administration of the BDI-II.

Statistical Methods

Medians and inter-quartile ranges (IQR) are reported for non-normally distributed measures.
Spearman rank order correlations (rho) were performed between BDI-11 scores and
participant characteristics, and between BDI-II and outcomes. Where indicated, BDI-II
scores were dichotomized at the clinically significant cutoff (> 13 according to BDI-II
manual46, or using divisions proposed by Homaifar55 : mild TBI >18 or moderate-severe
>34); groups are referred to as “not depressed” for those scores lower than the cut point and
“depressed” for those scores higher than the cut point. Severity divisions of the BDI-I1 per
the manual (minimal = 0-13; mild = 14-18; moderate = 19-28; severe >28) were compared
using Kruskal-Wallis. A Mann Whitney U test was used to evaluate the difference of
outcome measures in the not depressed and depressed groups. For any variable that does not
have the equivalent number of subjects as the group, the missing number is attributed to
missing data.

The relation between mechanism of injury and depressive symptoms was explored. Kruskal
Wallis was performed to analyze the impact of injury mechanism on outcome measures. The
mechanism of injury was categorized into four groups. The violence group included the
following injury mechanisms: aggravated assault, penetrating and non-penetrating violence,
and gunshot wounds. Motorized vehicle category included collisions of motor vehicles,
motor cycles, all-terrain vehicles and other vehicles. Sports category included track and
field, water, and bicycle related injuries. The other category includes falls, hit by falling
objects, motor pedestrian injuries and other unknown causes. The nonparametric multiple
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comparisons with unequal sample sizes (Dunn Method) method was used to evaluate the
group interactions for those measures that were significant.

Logistic regression, using the stepwise procedure, was performed to identify potential
factors predictive of depression (BDI-II). Models included age, educational level, injury
severity measure (either GCS or duration of hospital stay), injury cause, gender, GOS-E, and
the total score of the FSE, or the domains of FSE as predictors. Given the exploratory nature
of these analyses, P was set at 0.1557.

Analyses were performed using SPSS version 1758 and SAS version 9.259. Nonparametric
analyses were performed because assumptions for parametric analyses were violated.
Statistical significance was set at p < 0.05 using two tailed hypothesis tests.

The overall group consisted primarily of Caucasian (72%, N=338) males (71%, N=335)
whose median age was 32 years (N= 470, IQR 21-49). The next highest enrolling group was
Hispanics at 17% (N=81). The median educational level was high school diploma (N=337,
IQR 11-15 yrs of education). The median GCS was 11 (N=450, IQR 3-15). The most
common injury mechanism was motorized vehicle (57%, N=267). The median length of
hospitalization was 12 days (N=428, IQR 5-22). The median time of follow up was 6
months (N= 466, IQR 6-8 months) at which time the median GOS-E was 7 (N= 466, IQR
5-8); the median FSE was 15 (N=442, IQR 11-23); and the median BDI-1I score was 4 (N=
471, IQR 0-11). Of the total group, 19% (N=87) had clinically significant depressive
symptoms by the BDI-1I manual division. The correlations between BDI-11 and FSE (N =
442, rho = 0.510, p < 0.0001) and between BDI-1l and GOS-E (N = 466, rho = -0.416, p <
0.0001) were significant, but that between BDI-II and the time of outcome data collection
was not significant (N = 466, rho = 0.056, p = 0.237). The correlations of time of data
collection with the GOSE (N=459, rho = 0.0182, p=0.6967) and FSE (N= 436, rho = 0.0033,
p=0.9452) were not significant. The correlations between the BDI-II and each domain of the
FSE were significant (p < 0.0001). Please refer to Table 1. Of the domains, the strongest
correlations were for Social Integration and Leisure and Recreation.

Division by TBI severity

Mild Injury

The mild TBI group, defined as those with GCS of 13 to 15 (N= 214), consisted primarily of
Caucasian males and is described in Table 2. The mechanisms of injury were motor vehicle
related for 41 % (N=87), other category for 42 % (N = 90), violence for 13% (N=27), and
sports related for 3% (N= 7). The correlation between BDI-11 and duration of hospital stay
(N=194, rho=0.178, p=0.0128), GOS-E (N=213, rho = -0.425, p<0.0001) and FSE (N= 204,
rho = 0.530, p<0.0001) were found to be significant, whereas age, educational level, time to
follow up and GCS were not significant. Using the BDI-1I manual divisions, 17% (N=37) of
this group would be considered to have clinically significant depressive symptoms.

Moderate-severe Injury

The moderate-severe injury group was defined as subjects with a GCS less than 13 (N=237).
The group consisted primarily of Caucasian males who were injured by motorized vehicle
(72%, N=170). The next most common injury mechanism was other mechanism (22%,
N=51), followed by violence (3%, N=6) and sports (2%, N=4). This group is described in
Table 2. The correlation between BDI-Il and GCS, duration of hospital stay, educational
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level, time to follow up, GOS-E, and FSE were examined and only age (N=237, rho = 0.143,
p =0.0281), GOS-E (N = 234, rho = -0.391, p <0.0001) and FSE (N = 220, rho = 0.468, p
<0.0001) were significantly correlated. Using the traditional boundaries of the BDI-II (BDI-
11 >13), 21% (N=43) would be considered to have significant depressive symptoms.

Mann Whitney U was used to analyze difference between mild TBI and moderate-severe
TBI. There were significant differences between age at injury (p<0.0001), educational level
(p=0.0033), days of hospital stay (p<0.0001), BDI-II (p=0.0113), GOS-E (p<0.0001), FSE
total (p<0.0001), and 8 of the 10 domains of the FSE (personal care p=0.0005, ambulation
p=0.0019, travel p<0.0001, work p<0.0001, leisure and recreation p=0.0004, home
management p= 0.0002, cognition p=0.0001, financial independence p<0.0001).

Subjects Missing GCS

Subjects who were missing GCS (N=20) were transferred from regional acute care hospitals
to an inpatient rehabilitation unit. While imaging confirmed the presence of TBI, the initial
GCS was not located within the transfer documents. This group primarily contained
Caucasian (N=17, 85%) males (70%, N=14) with a median age of 49 (N=19, 23-55). The
correlation between BDI-Il and FSE (N=18, rho 0.567, p=0.0141) was significant, however,
the correlation with GOS-E was not (N=19, rho = -0.214, p=0.3795). The BDI-1I manual
divisions indicate 5% (N=1) of this group had clinically significant depressive symptoms.

BDI-Il Symptom Severity Grouping by the Manual

Using the BDI-1I manual divisions, the population was subdivided into depressive
symptoms severity: minimal (BDI-11 0-13, N=384), mild (BDI-Il 14-18, N=38), moderate
(BDI-I1 19-28, N=33) and severe group (BDI-Il > 28, N=16). Please see Table 3 for group
details. For the minimally depressed group, there were significant correlations between the
BDI-11 and GCS (N= 365, rho=-0.173, p=0.0009), hospital stay (N=348, rho=0.159,
p=0.003), GOS-E (N= 381, rho =-0.271, p<0.0001) and FSE (N= 363, rho=0.353, p
<0.0001). For the mildly depressed group, there were significant correlations between the
BDI-1I and age (N=38, rho=-0.332, p=0.042), hospital stay (N=34, rho=-0.432, p=0.011),
and GOS-E (N=37, rho =0.450, p=0.0052). For the moderately depressed and the severely
depressed groups, there were no significant correlations between the BDI-11 and other
variables.

The Kruskal Wallis test was performed to compare the four groups stratified by BDI-11
manual divisions. All had 3 degrees of freedom. The educational level, FSE and GOS-E
were significantly different (education y= = 9.67 p=0.0216; FSE y* = 85.07, p<0.0001; GOS-
E x* = 63.6, p<0.0001). Age and duration of hospital stay were not significant.

When the total group of subjects was dichotomized by depressive symptoms (BDI-Il <13 =
not depressed, BDI-Il > 13 = depressed), no between group differences in age, GCS, length
of hospital stay, or time to follow up were found. There were significant differences between
the not depressed and depressed groups for educational level (median 12, IQR 11-15, N=278
vs. 12, IQR 10-12, N=59; Mann-Whitney U p = 0.0059), GOS-E (median 7, IQR 5-8,
N=381 vs. median 5, IQR 3-6, N=85; Mann Whitney U p<0.0001) and FSE (median 14,
IQR 10-20, N=363, vs. 27 IQR 20-31, N=79; Mann Whitney U p<0.0001). There were
significant differences between the depressed and not depressed groups for all domains of
the FSE (p<0.0001 for each). The FSE and GOS-E for the depressed group indicated worse
functional status when compared to the not depressed group. The correlation between BDI-II
and GOS-E (not depressed: N=381, rho = -0.271, p<0.0001; depressed: N=85, rho=0.185,
p=0.0906) and FSE (not depressed: N= 363, rho = 0.353, p<0.0001; depressed: N=79,
rho=0.028, p=0.804) were significant for the not depressed group only.
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BDI-Il Score Divisions based on TBI severity (Homaifar55)

Mild TBI

Based on their GCS, subjects were divided into mild (GCS 13-15), and moderate-severe
(GCS 3to 12) injury. Using the Homaifars5 divisions, 12% (25/214) of the mild injury
subjects and 1% (3/237) of the moderate to severe injury subjects would be considered to
have clinically significant depression. These groups are fully described in Table 4.

For the mild TBI-not depressed group (BDI-1l <19 and GCS >12), the significant
correlations with the BDI-11 were GCS (N=189, rho = -0.143, p =0.0499), duration of
hospital stay (N=170, rho = 0.195, p=0.0108), GOS-E (N=188, rho = -0.310, p<0.0001), and
FSE (N=180, rho = 0.410, p<0.0001). For the mild TBI-depressed group (BDI-I1 >18 and
GCS >12), no significant correlations were found between the BDI-I1 and the other
variables. For the mild TBI category, a Mann Whitney U test was performed to examine the
between group differences (depressed vs. not depressed). The only significant differences
were for the GOS-E (p<0.0001) and FSE (p<0.0001).

Moderate-severe TBI

For the moderate-severe TBI-not depressed group (BDI-I1 < 35 and GCS < 13), the
significant correlations were between the BDI-11 and the GOS-E (N=231, rho = -0.375,
p<0.0001) and FSE (N=217, rho = 0.452, p<0.0001). For the moderate-severe TBI-
depressed group (BDI-1l > 34 and GCS <13), there were only three subjects, two of whom
were female. The median age was 32 (N=3, IQR 23-41) and the median GCS was 6 (N=3,
IQR 3-7). The educational level was missing for all. The mechanism of injury for the entire
group was other mechanisms. The median GOS-E was 3 (N=3, IQR 3-4); the median FSE
was 33 (N=3, IQR 28-37); the median BDI-Il was 42 (N=3, IQR 38-59). The small number
of subjects in the moderate to severe TBI-depressed did not permit use of correlation
analysis or the Mann Whitney U test.

Impact of Mechanism of Injury for total sample

Modeling

We used the Kruskal Wallis test to examine the association of injury mechanism on
demographic and outcome variables. We found significant associations with age, GCS, BDI-
I1, and the FSE domains of Ambulation and Travel. Trends were found for GOS-E, FSE
total score, and the FSE domain of social integration (Table 5). Of the above statistically
significant variables, the Dunn Method showed significant post hoc differences (p < 0.05)
between injury mechanism categories of violence and other mechanism categories and
between vehicle and other mechanism categories for age. Significant post hoc differences
were found for GCS (p < 0.05) between violence and motorized vehicle as injury causes,
and motorized vehicle and other mechanisms. Significant post hoc differences were found
for BDI-II (p<0.05) between motorized vehicle and other mechanism and between sports
and other mechanisms.

Four logistic regression models were examined. Variables included in each model were age,
educational level, gender, GOS-E, and sports as an injury mechanism. Varied among the
models was the use of GCS or hospital length of stay as an indicator of injury severity and
the total FSE or the domains of the FSE, as functional indicators. Two models were chosen.
The best fitting model using the total FSE as a functional indicator and the best fitting model
using the domains of the FSE as a more granular functional indicator are described. Of the
models with the total FSE, the best model (model 1) contained total FSE, age, and GCS. The
model fit to the data was excellent (Hosmer-Lemeshow p= 0.743). Of the models containing
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the FSE domains, the best model (model 2) contained the domains of Social Integration,
Standard of Living, and Home Management, as well as GOS-E, education, and GCS. The
model fit to the data was again found to be excellent (Hosmer-Lemeshow p=0.792). See
Table 6.

Discussion

The purpose of this study was to examine the relation between functional abilities measured
by the FSE and post-TBI depressive symptoms measured by BDI-11. The gender distribution
of this population is consistent with published reports concerning the ratio of males to
females sustaining a TBI. The median age of this population was higher than the national
reports of TBI patients who present to the emergency department, where the peak incidence
occurs in the 15 to 19 year olds and the 0-4 years60, but younger than those reported by
Pickelsimer's61 population of hospitalized subjects (54% were younger than 45 years). This
population may be skewed due to the availability of a pediatric trauma facility, where
patients below the age of 14 years are transported. The most common mechanism of injury
was motorized vehicle-related, consistent with published reports of hospitalized TBI
patients61. In the total sample, the rate of depression (using BDI-1I manual divisions), is
consistent with published reports276.

A comparison of persons with mild injury with those who sustained moderate-severe injury
revealed significant between group differences for age, educational level, hospital length of
stay, BDI-1l, GOS-E, FSE total, and most domains of the FSE.

When the population was divided according to the BDI-II manual divisions (i.e., not
depressed vs. depressed), there were no statistically significant group differences for age,
GCS, duration of hospital stay and time to follow up. The depressed group had a
significantly lower level of education. At the time of outcome measure (6 months), the
depressed group had worse function measured by both the GOS-E and FSE and all the
domains of the FSE. Dividing BDI-II scores into levels of depression revealed significant
between group differences for educational level, FSE and GOS-E.

Using the Homaifar55 divisions of the BDI-11 for mild TBI, the only significant differences
between the not depressed and depressed groups involved the GOS-E and FSE, where the
depressed group had lower functional levels. The rate of significant depression symptoms
drops substantially when the using the divisions proposed by Homaifar55. A similar analysis
could not be performed for the moderate to severely injured group due to small sample size.

The correlations between BDI-II and the FSE and GOS-E were of mild to moderate strength
for the total group, the mild injury group, the moderate-severe injury group, the BDI-I1
manual division not depressed group, the mild injury Homaifar55 not depressed group and
the moderate to severe injury Homaifar55 not depressed group. For each significant
correlation, the correlation was always stronger between the BDI-1I and the FSE than with
the GOS-E, except for the mildly depressed group (BDI-11 manual divisions), where the
correlation was stronger for between the GOS-E and BDI-Il. Worse function (GOS-E) has
previously been correlated with depression symptoms, but only one study reported using the
more finely grained FSE45. Our results reveal a stronger correlation between the FSE and
BDI-II than was found between the FSE and CES-D (rho 0.51 vs. 0.42, respectively).

The primary hypothesis for improving function correlating with worsening depression
symptoms was supported in the mildly depressed group (BDI-I1 manual) for the GOS-E, but
not with the FSE. This group shows an increase in symptoms correlating with better
function. For the total population, mild TBI, moderate-severe TBI, BDI-11 manual not
depressed, mild TBI not depressed (Homaifar55 scoring), and moderate-severe not
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depressed (Homaifar55 scoring), significant but inverse relations for both the FSE and GOS-
E are reported. In these instances, more severe depression symptoms correlated with worse
function. For the entire population, the domains of the FSE when examined for individual
correlation with BDI-I1 were all significant. The strongest relation with depression
symptoms was found with the Social Integration domain of the FSE. This domain also plays
a strong role in Model 2. The influence of depressive symptoms on social integration after
TBI has been previously reported11: 32' 60. The domains of the FSE encompass more than
physical function and may in fact have some overlap with qualities measured in the BDI-II.
This would explain the predominant finding of stronger correlations between the FSE and
the BDI-11. The ability of the FSE to measure individual domains makes it an instrument
that permits a better understanding of the components of function, rather than providing a
global less precise assessment.

Interestingly, the time of outcome measurement did not correlate with either the FSE or the
GOS-E, indicating that is not strictly the passage of time since injury affecting these
findings. A possible explanation is the degree of functional recovery, which tends to
improve with time. This may have been influenced by the distribution of assessment time,
with the majority clustered around the six month time. Our findings are not consistent with
previous longitudinal reports of point prevalence of depression within the first year after
TBI, showing a decrease as time from injury increases2: 13: 22+ 34 39+ 62. Some authors
have theorized that there are subpopulations of depression after TBI, whose mechanism and
onset of depression differ63. Drawing from Prigatano's work63, Moldover64 theorized that
reactive depression occurs when sufficient time had elapsed for the patient to have improved
self awareness to be cognizant of their new functional state. They place this period as
occurring about 7 to 12 months after injury. Pagulayan's62 work indicates worse function
precedes depression.

The impact of the method of injury, specifically violence, was examined for its influence on
depressive symptoms. We hypothesized that violent injuries may be more associated with
depressive symptoms. Contrary to what was reported by Glenn35 and consistent with
Bombardier's7 findings, violence as a mechanism of injury did not influence the appearance
of depressive symptoms in this population. This is especially interesting when the potential
co-existence of post-traumatic stress disorder is considered. Work in the mass violence
realm indicates strong associations between violently acquired TBI and depression but less
S0 between brain injury and PTSD36. The variations in these findings may be due to pre-
morbid personality and social support, neuro-anatomical differences of the injury, and
differences in psychosocial support after injury.

Comparison of the educational level for the total population categorized by the BDI-II
manual divisions revealed a significantly lower educational level for the depressed group.
This is a confirmation of earlier work23+ 39 and may be a reflection of the additional socio-
economic stressors in the under-educated population.

Two models were developed using exploratory modeling. Both models included GCS over
hospital length of stay, indicating the level of brain injury severity plays a role in the
development of depressive symptoms. The remaining components of models 1 and 2
diverge. Model 1 contains total FSE score and age in addition to GCS. Model 2 contains
educational level, GOS-E, and the FSE domains of Social Integration, Standard of Living
and Home Management. The association of educational level and the development of
depression symptoms after TBI has previously been reported23: 65 and Model 1 supports
the link. The standard of living domain reflects the change in financial situations and may
reflect economic stress triggering or magnifying symptoms of depression. Further, lower
educational levels are often found in the lower socio-economic strata. Functional outcome
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measured by GOS-E support the link between depressive symptoms and functionality. The
Social Integration factor may reflect the isolation experienced by many TBI survivors, or
may reflect a continuation of pre-injury status, that is, as a factor of resistance or
susceptibility to depression. The inability to manage one's home may indicate increased
dependency causing reactionary depression.

This study supports the link between a higher level of depression symptoms and worse
functional status. Clinicians should be attentive to depression in all levels of brain injury
severity and consider treatment to help mitigate the negative functional outcome.

Limitations

These data were gathered as part of another research project. Longitudinal data collection,
including time points greater than one year post-injury, would be revealing. The utilization
of a symptom severity tool for depression is not equivalent to performing a diagnostic
interview and does not firmly establish a diagnosis of major depression or other DSM-IV-
TR66 recognized diagnoses. A reflection of the use of data collected for other purposes,
administration of the BDI-1I via the telephone, while having no basis in the literature, was
the consistent method of administration. This is a recognized weakness and supports the
need for verification of these findings. Impaired self-awareness potentially affects the ability
to assess depression in the TBI population. There was no measure of impaired self-
awareness in the available data. In theory, this sub-population would have been reduced as
those subjects who were determined to be unable to accurately answer questions had
outcome measures obtained from surrogates; therefore the BDI-I1 was not collected. As our
data were collected for another study, information centering on the treatment of depression,
pre-existing psychiatric disorders and family history of psychiatric disorders were not
collected. This information would have been helpful to better understand out results.

Conclusion

This study finds the association between the FSE and the BDI-II is stronger than between
the FSE and other reported depression measures. For the total population, a moderate
correlation was found between FSE and BDI-II, with the worsening depressive symptoms
correlating with worsening functional outcomes. The strength of the correlation between the
FSE and BDI-I11 is stronger than the previously reported correlation between the CES-D and
the FSE. The time of outcome measurement did not correlate with BDI-I1 scores. Predictive
modeling resulted in two models. Both models contained the GCS but were divergent for the
other remaining variables. Further work exploring the nuances of symptom and outcome
measures needs to be performed to further understand the complex relation between
depression after TBI and the functional state of the individual.
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Correlation coefficients for the domains of FSE with BDI-11

Table 1

Domains of FSE N rho p

Social Integration 442 | 0.472 | <0.0001
Leisure And Recreation 441 | 0.408 | <0.0001
Home Management 442 | 0.393 | <0.0001
Travel 443 | 0.373 | <0.0001
Executive Function 442 | 0.364 | <0.0001
Ambulation 443 | 0.353 | <0.0001
Major Activity Involving Work/School | 442 | 0.331 | <0.0001
Financial Independence 441 | 0.319 | <0.0001
Personal Care 443 | 0.290 | <0.0001
Standard of Living 442 | 0.273 | <0.0001

FSE = Functional Status Examination
BDI-1l = Beck Depression Inventory—I|

N = number of subjects
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Groups by Injury Severity

Table 2

Mild Injury Moderate-Severe Injury
GCS 13-15; N=214 GCS 3-12; N=237
Variable Median (IQR) N (%) Median (IQR) N (%)
Age (yrs) * 39 (24-55) 214 27 (20-41) 237
Male Gender 156 (73) 165 (70)
Race/ethnicity
Caucasian 134 (63) 187 (79)
Hispanic 49 (23) 32 (14)
African American 19 (9) 16 (7)
Asian 9(4) 2(1)
Native American 2(1) 0
Educational Level (yrs) * 12 (11-15) 173 12 (11-13) 158
Glasgow Coma Scale 15 (14-15) 214 3(3-7) 237
Hospital stay duration” (d) 5(3-10) 194 19 (11-26) 218
Time to follow up (mon) 6 (6-8) 211 6 (6-8) 233
BDI-II* 3(0-9) 214 5(1-12) 237
GOS-E* 7(6-8) 213 6 (4-8) 234
FSE® 14 (10-20) 204 17 (12-28) 220
d = days
m = months
BDI-II = Beck Depression Inventory-I1

GOS-E = Glasgow Outcome Scale Extended

FSE = Functional Status Examination

*
= significant between group differences
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Table 6
Final Logistic Regression Models for prediction of depressive symptoms, using stepwise
procedure
Model Variable Odds Ratio | 95% Confidence Interval | Wald's p-value
Age 969 0.946-0.992 0.010
Model 1 FSE 1.200 1.140-1.262 0.000
GCS 1.038 1.038-1.212 0.004
Education 0.883 0.784-0.993 0.039
GCS 1.097 1.010-1.192 0.028
GOS-E 0.705 0.535-0.929 0.013
Model 2
FSE Home management 1.435 0.982-2.098 0.062
FSE Social Integration 1.922 1.336-2.764 <0.0001
FSE Standard of Living 1.543 1.049-2.269 0.028

FSE= Functional Status Examination

GCS= Glasgow Coma Scale

GOS-E= Glasgow Outcome Scale Extended
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