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Abstract

Psychiatric disturbance is common and disabling after traumatic brain injury (TBI). Few studies have investigated the

trajectory of psychiatric symptoms in the first 6 months postinjury, when monitoring and early treatment might prevent

persistent difficulties. The aim of this study was to examine the trajectory of psychiatric symptoms 1–6 months post-TBI,

the patient/injury characteristics associated with changes, and characteristics predictive of persisting symptoms. A sec-

ondary analysis was performed on data from a clinical trial with three data collection points. Across eight centers, 872

participants with complicated mild to severe TBI were administered the Brief Symptom Inventory (BSI) at 30, 90, and 180

days postinjury. Mixed-effects models were used to assess longitudinal changes in the BSI Global Severity Index (GSI).

Multi-variate logistic regression was used to assess predictors of clinically significant GSI elevations persisting to 6

months post-TBI. In general, GSI scores improved over time. Women improved faster than men; race/ethnicity was also

significantly associated with rate of change, with Hispanics showing the most and African Americans the least im-

provement. Clinically significant psychiatric symptoms (caseness) occurred in 42% of the sample at 6 months, and more

than one type of symptom was common. Significant predictors of caseness included African American race, age from 30

to 60 years, longer post-traumatic amnesia (PTA) duration, pre-TBI unemployment, and pre-TBI risky alcohol use.

Findings indicate that psychiatric symptoms are common in the first 6 months post-TBI and frequently extend beyond the

depression and anxiety symptoms that may be most commonly screened. Patients with longer PTA and preinjury alcohol

misuse may need more intensive monitoring for symptom persistence.
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Introduction

Psychiatric disturbance is a significant problem after

traumatic brain injury (TBI). In addition to the effect of dis-

orders such as anxiety and depression on quality of life, psychiatric

difficulties negatively affect many social outcomes as well as

functional independence.1–3 Depression is among the most com-

mon and well-studied of the psychiatric sequelae, affecting people

with TBI at about 8 times the rate in the general population during

the first year postinjury.3 Also common are anxiety disorders4 and

anger and irritability.5,6 Other frequently reported symptoms in-

clude lability, apathy, and delusional thinking.7–9

To prevent and treat these difficulties, it is important to under-

stand both the time course of emotional disturbance and the risk

factors predictive of longer-term problems. Of the few studies ex-

amining the longitudinal trajectory of psychiatric symptoms after

TBI, some report improvement over the first 1–2 years.8,10 How-

ever, in more than 1000 cases followed 2 years from the point of

injury, Hart and colleagues found substantial persistence of de-

pression symptoms from year 1 to year 2, and more than 25% of

persons who were not depressed at year 1 had developed clinically

significant symptoms by year 2.11 That study and another longi-

tudinal examination of depression after TBI found that averaged

trends masked highly varied patterns of change, including
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worsening, improvement, and stability.12 Evidence on the longi-

tudinal trajectory of symptoms other than depression is lacking. In

addition, there are few data bearing on the trajectory of psychiatric

symptoms in the first 6 months after injury, when prevention efforts

might be most relevant.

Earlier studies have found that preinjury psychiatric problems,

including alcohol abuse, predict psychiatric difficulties after inju-

ry.2,13 However, new-onset psychiatric disturbances affect signifi-

cant numbers of people with TBI who have no psychiatric history.3,13

A recent systematic review found compelling evidence of an asso-

ciation between TBI and both depression and aggression, controlling

for premorbid status, and suggestive evidence for an association

between TBI and psychosis as well as completed suicide.14

Other demographic risk factors for post-traumatic depression

and/or anxiety have included female gender, younger age, lower

education, and preinjury unemployment.2,10,15 The effects of se-

verity of TBI are uncertain. Studies using the Glasgow Coma Scale

(GCS) score to estimate severity have generally not found an as-

sociation to later psychiatric symptoms.3,16 Dikmen and col-

leagues10 found an inverse relationship between length of coma, or

time to follow commands, and severity of depression within a few

months of injury, but no relationship at 12- or 18-month follow-up.

Injury severity may be related to psychiatric outcomes through the

effect of brain damage on cognitive function, because cognitive

deficits have been associated with psychiatric sequelae.8,15,16

In the current study, participants with TBI were assessed on a

wide range of psychiatric symptoms at three time points during the

first 6 months postinjury. Two main questions were addressed:

1. What is the trajectory of psychiatric symptoms from 1 to 6

months post-TBI, and what patient factors are associated

with change within this early time frame?

2. What factors predict clinically significant psychiatric dis-

turbance persisting to 6 months post-TBI?

Methods

Participants

Participants comprised a subset of the 1213 participants enrolled
in the National Institutes of Health (NIH)-funded Citicoline for
Brain Injury Treatment (COBRIT) trial.17 This was a double-blind,
placebo-controlled, phase III trial conducted in eight clinical centers
in which patients with complicated mild, moderate, and severe TBI
were evaluated at 30, 90, and 180 days after injury. COBRIT par-
ticipants were screened from consecutive emergency department
admissions for TBI. Of 2738 eligible patients, 1213 (44%) entered
the trial; the others refused or were unable to provide consent directly
or by proxy within the stipulated time frame. Enrolled participants
were randomly assigned to receive a 90-day regimen of 2000 mg/day
of either citicoline or placebo started within 24 h of injury. The
primary analysis revealed that citicoline and placebo groups did not
differ on cognitive or functional status at any assessment interval.17

Further analysis revealed no significant group differences on the
outcomes examined in the present study; therefore, the drug and
placebo groups were collapsed into one participant pool.

According to COBRIT eligibility criteria, all participants were
18–70 years of age and had acute nonpenetrating TBI with GCS
score off paralytics 3–12 or 13–15 with trauma-related computed
tomography abnormality meeting a specific criterion for lesion
size.17 Participants were excluded for bilaterally fixed and dilated
pupils, nonfluency in English, or preinjury disease likely to affect
outcomes (e.g., dementia or schizophrenia). For the current study,
we selected COBRIT participants who had provided data on the
dependent measure described below, the Brief Symptom Inventory

(BSI),18 and for whom data were complete on all predictor vari-
ables. For Question 1, participants had completed at least one BSI at
any of the three outcome intervals (N = 872). For Question 2, par-
ticipants had completed the BSI at 180 days (N = 711). We com-
pared participants included in each analysis with those who were
excluded as a result of missing data on predictor variables (8% of
the sample for Question 1 and 4% for Question 2) or missing/
incomplete data on the BSI (20% of the sample for Question 1 and
37% for Question 2). Cognitive inability to complete self-report
measures accounted for 43% (n = 203) of the missing data at 30
days, 14% (n = 57) at 90 days, and 7% (n = 31) at 180 days; the
remainder of missing data points was the result of loss to follow-up.
In both analyses, participants who were not included were signifi-
cantly less educated, more likely to be male, and more likely to
have sustained moderate/severe versus complicated mild TBI.

Measures

Demographic variables included age, sex, race/ethnicity, pre-
injury employment status, and education. Injury variables included
mechanism and severity of TBI. Severity was estimated using GCS
score at time of randomization to COBRIT groups (13–15, com-
plicated mild vs. < 13, moderate/severe) and duration of post-
traumatic amnesia (PTA). PTA was measured retrospectively using
a structured interview19 in which a trained data collector assisted
the participant in estimating the number of days or, if < 1 day, the
number of hours, between the TBI and the resumption of contin-
uous recall of events. PTA duration was categorized as follows:
< 24 h, 1–6 days, 7–13 days, 14–29 days, and ‡ 30 days. Alcohol
use in the year before injury was assessed with the Alcohol Use
Disorders Identification Test (AUDIT),20 with the score dichoto-
mized at the cutoff for problematic drinking ( < 8, ‡ 8).

The COBRIT trial included a battery of measures administered
at 30, 90, and 180 days after injury.21 The BSI was selected to
measure psychiatric status, because it has sound psychometric
properties, including excellent stability over time,22 and predicts
real-world outcomes, such as rehospitalization.23 The original scale
and its short form have been well validated in studies of TBI.24,25

The BSI includes 53 items describing psychiatric symptoms for
which the respondent is asked to rate ‘‘how much each problem has
distressed or bothered you during the past 7 days, including today,’’
from 0 (not at all) to 4 (extremely). Clinical scales provide summary
scores on eight symptom dimensions: Obsessive-Compulsive;
Interpersonal Sensitivity; Depression; Anxiety; Hostility; Phobic
Anxiety; Paranoid Ideation; and Psychoticism. Raw scores are
converted to normalized T scores with a mean of 50 and standard
deviation (SD) of 10, with separate norms for men and women. The
Global Severity Index (GSI) represents an average of the clinical
scales and is the BSI’s most sensitive, specific single indicator of
positive psychiatric diagnosis.18 For Question 1, concerning pat-
terns of longitudinal change in psychiatric distress, GSI T scores
from the 30-, 90-, and 180-day assessments were used. For Ques-
tion 2, concerning predictors of psychiatric disturbance at 6 months
post-TBI, BSI scores at the 180-day assessment were dichotomized
using criteria for ‘‘caseness,’’ defined as a GSI T score ‡ 63 or any
two clinical scales ‡ 63.18

Procedures

The protocol was approved by the institutional review boards of
all participating sites, and written informed consent was obtained
from either participants or their legally authorized representatives
(LARs). For those who used a LAR originally, consent for con-
tinued involvement was acquired directly from the participant once
capacity had improved. Independent oversight was provided by an
external data safety monitoring board. All data were stored and
analyzed by a data coordinating center at Columbia University
(New York, NY).
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Demographic variables, GCS, and mechanism of injury were
recorded during acute hospitalization. Outcome assessments were
performed in person or by phone at 30 – 7, 90 – 10, and 180 – 10
days. PTA interview and AUDIT were administered at 30 days, or
90 days if the participant was cognitively unable to respond reliably
at 30 days. All self-report instruments, including the BSI, were
administered by interview, with study personnel recording each
response. This was done to prevent missing items and ensure
comparability of data collected by phone and in person. Instru-
ments assessing social or emotional status, including the BSI, were
not given to participants who were disoriented to time, place, or
circumstances. All data were double scored by an investigator at
each site before being entered into the study database. Computer-
ized scoring was used to generate BSI T scores and flag unusual
response patterns (e.g., providing the most extreme answer for each
item) so that such data could be discarded as invalid.

Statistical analysis

For Question 1, mixed-effects models with random intercepts
were used to measure longitudinal change in GSI T scores between
30-, 90-, and 180-day assessments. A missing at random (MAR)
mechanism was assumed for measurements that were missing at
any of the three time points. Mixed-effects models provide unbi-
ased estimates under the MAR mechanism. We examined whether

any predictor modified the rate of change in GSI after adjustment
for other statistically significant predictors. Effect modification was
evident when a statistically significant interaction, predictor x time,
was observed in the multi-variate mixed-effects model. Akaike’s
Information Criterion (AIC) was used to evaluate the fit of the
multi-variate models. A spatial power covariance structure was
applied to account for the decreasing correlation between repeated
measures of GSI with increasing time while taking into consider-
ation the unequal spacing between time points.

For Question 2, preliminary analyses were conducted to test for
associations between each predictor and caseness at 180 days using
Fisher’s exact test or Cochran-Armitage’s trend test. Predictors
significantly associated with caseness (at a = 0.05) were further as-
sessed using multi-variate logistic regression. A multiple logistic
regression model was built and evaluated for goodness of fit based on
the likelihood ratio statistic. All statistical analyses were conducted
in SAS 9.2 statistical software (SAS Institute Inc., Cary, NC).

Results

Question 1: Longitudinal changes in psychiatric
symptoms

Participants included in Question 1 (N = 872) were 74% male

with a mean age of 40.2 – 15.9 years. They were 82% white, 14%

FIG. 1. Longitudinal effects of patient and injury characteristics (unadjusted) on Brief Symptom Inventory (BSI) General Severity
Index (GSI) from 30 to 180 days post TBI. PTA, post-traumatic amnesia; AUDIT, Alcohol Use Disorders Identification Test; MV,
motor vehicle.
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African American, and 4% Hispanic. There were 71% with GCS

13–15 with positive neuroimaging, 3% with GCS 9–12, and 26%

with GCS £ 8. Of these participants, 548 (63%) completed all three

BSI assessments, 236 (27%) completed two, and 88 (10%) com-

pleted one.

Univariate analyses showed that the average value of GSI was

58.59 (95% confidence interval [CI], 57.75–59.42) at 30 days

and improved by about 2.5 points (b = - 2.31; 95% CI, - 2.95 to

- 1.67) by 180 days, with more than 90% of the observed im-

provement occurring between 30 and 90 days (b = - 2.51; 95% CI,

- 3.32 to - 1.70). Figure 1 displays the unadjusted results for each

predictor variable. Results of the multi-variate model are presented

in Table 1. Significant modification of the rate of change in GSI was

observed with respect to race/ethnicity and sex. Although racial/

ethnic groups did not differ on GSI at 30 days, Hispanics improved

significantly faster from 30 to 180 days and African Americans

improved significantly less, both compared to whites. Males and

females were similar in GSI at 30 days, yet the rate of improvement

was faster for females from 30 to 180 days.

Age, PTA duration, preinjury employment status, alcohol use,

mechanism of injury, and education did not modify the rate of

change in GSI over time. However, GSI was worse, on average, for

> 30–45 and > 45–60 year olds (but not those > 60), compared to

those 18–30. Participants who were unemployed or disabled before

TBI had higher GSI than those who were employed. GSI was higher

among participants with AUDIT ‡ 8, compared with AUDIT < 8.

Regarding mechanism of injury, GSI was significantly worse only

among participants injured by assault (compared to the reference

group, motor vehicle collision). PTA duration ‡ 24 h was associ-

ated with higher GSI than duration < 24 h, and progressively longer

PTA was associated with progressively higher GSI (Table 1).

Question 2: Psychiatric outcomes at 180 days

Participants included in Question 2 (N = 711) were 73% male

with a mean age of 40.6 – 16.0 years. They were 83% white, 13.5%

African American, and 3.5% Hispanic; injury severity distribution

was identical to that for Question 1.

Summary statistics for 30-, 90-, and 180-day T scores of the nine

BSI clinical scales and the GSI are displayed in Table 2. Even at

180 days, clinical scale means were all elevated, relative to those of

the normative population, from less than 0.3 SD (interpersonal

sensitivity, anxiety) to nearly 1 SD (obsessive-compulsive). Mean

GSI was elevated by slightly more than 0.5 SD.

A total of 301 (42%) participants met the caseness definition on

the GSI at 180 days. Of these, slightly more than half (169; 56%) had

elevations on five or more of the clinical scales. Table 3 shows the

proportions of participants above and below the GSI caseness cutoff

relative to the predictor variables of interest. Only the GCS score

classification of injury severity failed to show significant differences

between caseness groups. All other variables were associated with

caseness and thus included in logistic regression analyses.

After adjustment for all predictors, sex and mechanism of injury

were no longer associated with caseness in the multi-variate anal-

ysis (Table 4). Participants with ages > 30–45 and > 45–60 years,

but not those > 60, had increased odds of caseness, compared to

participants in the youngest age group. African Americans had

1.81-fold higher odds of caseness, compared to whites. A lower

odds of caseness was observed among Hispanics, compared to

whites, but this did not reach significance. The odds of caseness

were significantly lower for college graduates, compared to those

with less than a high school education.

Table 1. Best-Fit Multi-Variate Mixed-Effects

Model of Longitudinal Change in GSI between

30 and 180 Days
a

Variable b (95% CI)

Intercept 51.94 (48.68–55.19)

Time (days)
30 0.00 (ref)
90 - 1.95 ( - 2.76 to - 1.14)
180 - 2.20 ( - 3.22 to - 1.18)

Age (years)
18–30 0.00 (ref)
> 30–45 2.19 (0.25–4.13)
> 45–60 3.79 (1.90–5.67)
> 60 0.72 ( - 1.95–3.39)

Race/ethnicity
White 0.00 (ref)
Black/African American 1.73 ( - 0.71–4.16)
Hispanic - 0.16 ( - 4.11–3.79)

Race/ethnicity*time (days)
White (90) 0.00 (ref)
African American (90) 1.82 ( - 0.05–3.70)
Hispanic (90) - 4.66 ( - 7.88 to - 1.45)
White (180) 0.00 (ref)
African American (180) 2.61 (0.26–4.97)
Hispanic (180) - 5.43 ( - 9.64 to - 1.22)

Sex
Male 0.00 (ref)
Female 0.80 ( - 1.10–2.70)

Sex*time (days)
Male (90) 0.00 (ref)
Female (90) - 1.88 ( - 3.32 to - 0.44)
Male (180) 0.00 (ref)
Female (180) - 1.98 ( - 3.78 to - 0.17)

Education
< High school 0.00 (ref)
High school/GED/technical - 0.62 ( - 2.91–1.66)
Some college - 0.07 ( - 2.59–2.45)
‡ College degree - 2.66 ( - 5.33–0.01)

PTA duration
< 24 h 0.00 (ref)
1–6 days 2.48 (0.40–4.55)
7–13 days 3.46 (1.09–5.83)
14–29 days 4.51 (2.09–6.93)
‡ 30 days 5.67 (3.18–8.16)

Preinjury employment status
Employed 0.00 (ref)
Student 0.65 ( - 2.09–3.40)
Unemployed/disabled 3.22 (1.19–5.24)
Retired/homemaker 0.52 ( - 2.43–3.46)

Alcohol use
AUDIT < 8 0.00 (ref)
AUDIT ‡ 8 3.30 (1.79–4.82)

Mechanism of injury
Motor vehicle collision 0.00 (ref)
Fall from moving object 1.11 ( - 1.26–3.48)
Fall from stationary object 0.11 ( - 1.75–1.97)
Assault 4.52 (1.99–7.04)
Other - 0.82 ( - 4.33–2.68)

AICb 16,022.9

an = 872.
bAIC for intercept only model = 16,304.2.
GSI, General Severity Index; GED, General Educational Development; PTA,

post-traumatic amnesia; AUDIT, Alcohol Use Disorders Identification Test;
AIC, Akaike’s Information Criterion; CI, confidence interval; ref, reference.
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Compared to participants with PTA duration < 24 h, the odds of

caseness increased as PTA duration increased, yet statistically

significant differences were only observed for the two highest PTA

duration groups (14–29 and ‡ 30 days). Participants who were

unemployed or disabled before their TBI had 1.80-fold higher odds

of caseness, compared to those who had been employed. Last,

participants with AUDIT ‡ 8 had 1.45-fold higher odds, compared

with those with AUDIT < 8.

Discussion

We examined the trajectory of psychiatric symptoms over the

first 6 months after TBI, and the predictors of persisting symptoms

at a clinically significant level (caseness) at 6 months, in a large

sample ranging from complicated mild to severe injury. There was

overall improvement in psychiatric symptoms, with most change

occurring early (from 30 to 90 days). However, over 40% of the

sample met criteria for caseness at 6 months, confirming previous

work showing a high rate of psychiatric disturbance within the first

year post-TBI.3,13 Importantly, when distress was evident, it oc-

curred across multiple symptom domains, consistent with previous

work showing 44% comorbidity across psychiatric diagnoses in

TBI cases interviewed at least 1 year after injury.26 The present

study suggests that psychiatric comorbidity may surface early in the

course of recovery and reinforces the importance of evaluating

multiple symptoms beyond the commonly used screens for de-

pression and anxiety.

Longitudinal modeling of symptom trajectory revealed a

monotonic ‘‘dose-response’’ relationship between psychiatric

symptoms and TBI severity, as measured by PTA duration, but not

GCS score. To our knowledge, this is the first study to show such a

consistent relationship of early psychiatric symptom severity to the

extent of diffuse brain injury, as gauged by length of PTA. PTA

duration of at least 2 weeks yielded the highest risk of psychiatric

morbidity at 6 months. Further work is needed to investigate

whether this relationship may be mediated by other factors that

could lead to emotional distress, such as severity of cognitive

dysfunction or level of functional disability.

The findings for race and ethnicity were striking. Compared to

white participants, African Americans showed less recovery of

psychiatric symptoms and higher rates of caseness at 6 months,

whereas Hispanics showed better recovery and lower rates of

caseness (although the latter finding did not reach statistical sig-

nificance). Our finding of less psychological distress among His-

panics is congruent with studies in the general population showing

better health outcomes among this group, despite greater poverty, a

finding that has been termed the Hispanic health paradox.27 The

paradox is not fully explained, but may result, in part, from greater

ethnic identification, religious participation, and strong family and

social support.28 With regard to African Americans with TBI, the

finding of higher levels of psychiatric symptom reporting has been

reported previously.29 Studies have also found worse self-reported

functional outcomes among this racial group, even after adjusting

for other demographic factors and injury severity.30,31 These per-

plexing findings may relate to unmeasured sources of vulnerability

to stress that are not ‘‘factored out’’ with statistical adjustment,

cultural differences in interpretation of symptoms, or both. Future

research might benefit from mixed-methods approaches to explore

how people from different backgrounds perceive different symp-

toms and levels of functional capacity. Our findings should also be

replicated in future work because of the relatively low numbers of

nonwhite participants contributing to the observed interactions.

Previous research on TBI has suggested that a cluster of de-

mographic factors additional to, but partly correlated with, race,

including low level of education, preinjury unemployment, and

assault as the mechanism of injury, are associated with less-

favorable outcomes.1,10,32,33 Our results are generally consistent

with these findings and reinforce that the presence of such char-

acteristics should prompt clinicians to closely monitor levels of

emotional distress. This is even more important when there is ev-

idence of preinjury alcohol misuse, which consistently predicts

unfavorable psychiatric outcomes, such as depression.3,10,29 Al-

cohol and TBI may interact in a ‘‘vicious cycle’’ in which haz-

ardous use may predispose to depression, and depression may lead

to alcohol relapse.34 Given the high rate of pre- and postinjury

alcohol misuse in the TBI population, it is important to prevent

relapse after TBI and monitor for psychiatric sequelae with greater

vigilance in that subgroup.

In contrast to the well-recognized adverse effects of increasing

age on functional outcomes of TBI,35 emotional distress peaked in

middle age in this sample and older age was associated with less

symptom report. This is consistent with previous findings of fewer

post-traumatic symptoms reported by older, compared to younger,

persons with TBI5 and is also consistent with lower prevalence

Table 2. Summary Statistics for T Scores and Proportions Meeting Caseness Criteria

for Each BSI Clinical Scale and GSI at 30, 90, and 180 Days

30 days (n = 713) 90 days (n = 780) 180 days (n = 711)

Scale Mean – SD
Proportion with
score ‡ 63 (%) Mean – SD

Proportion with
score ‡ 63 (%) Mean – SD

Proportion with
score ‡ 63 (%)

Somatization 59.9 – 10.9 41.9 56.3 – 10.8 26.8 55.3 – 11.0 24.8
Obsessive-compulsive 59.9 – 11.6 42.6 59.1 – 11.6 36.5 59.3 – 12.2 40.5
Interpersonal Sensitivity 52.4 – 10.4 22.0 52.3 – 10.4 21.9 52.6 – 10.9 24.3
Depression 55.5 – 10.7 25.1 54.6 – 10.9 24.4 54.8 – 11.5 25.0
Anxiety 54.3 – 12.0 26.9 52.8 – 12.3 25.8 52.5 – 12.1 24.5
Hostility 53.5 – 10.9 16.6 52.4 – 11.0 16.8 53.3 – 11.1 18.3
Phobic anxiety 55.8 – 10.7 30.9 53.9 – 10.0 24.0 53.8 – 10.2 25.5
Paranoid ideation 53.1 – 11.1 23.7 53.5 – 10.7 24.1 53.8 – 11.2 25.3
Psychoticism 57.4 – 11.0 30.2 57.0 – 11.4 28.5 56.6 – 11.2 27.7
GSI 58.3 – 11.2 33.4 56.4 – 11.9 30.0 56.0 – 12.5 30.7

BSI, Brief Symptom Inventory; GSI, General Severity Index; SD, standard deviation.

614 HART ET AL.



rates of mood disorders in older age in the general population.36

However, our finding of better emotional outcomes in females was

not consistent with national findings nor with most previous TBI

literature.3,32,37,38 One explanation for this discrepancy may be our

use of a gender-corrected instrument to measure psychiatric

symptoms. It may be that males are actually more distressed after

TBI than females, relative to their normative counterparts. If so, it

reinforces the importance of using appropriate controls or correc-

tions for demographic factors when drawing conclusions about

effects of TBI.

Several limitations of this study should be noted. Aside from

preinjury alcohol use, we did not assess for premorbid psychiatric

disorders, a known risk factor for post-TBI symtpoms.13 However,

many symptoms of depression and anxiety, in particular, arise

de novo after TBI and show poor resolution,39 emphasizing the

importance of screening for these disorders regardless of premorbid

history. Another limitation is that there were no data available on

treatment received (rehabilitation or psychiatric treatment) during

the study interval. Clearly, improvement or lack thereof over a 6-

month period could be affected by treatment. We also lacked a

control group of people who had sustained traumatic injury without

brain injury; thus, whereas we can draw conclusions based on the

norms for the BSI, we cannot fully separate the effects of injury to

the brain from those of general trauma. It should be noted that, with

the BSI, we were measuring symptom severity, rather than specific

psychiatric diagnoses. Future research should also consider the

Table 3. Characteristics of Participants

by Caseness Level at 180 Days
a

Characteristics

GSI < 63 and
£ 1 elevated

symptom
(%) (n = 410)

GSI ‡ 63 or
‡ 2 elevated
symptoms

(%) (n = 301)
p

value*

Age (years) 0.014
18–30 151 (60.9) 97 (39.1)
> 30–45 78 (51.3) 74 (48.7)
> 45–60 109 (52.9) 97 (47.1)
> 60 72 (68.6) 33 (31.4)

Sex 0.008
Female 127 (65.8) 66 (34.2)
Male 283 (54.6) 235 (45.4)

Race/ethnicity < 0.001
White 356 (60.2) 235 (39.8)
African American 37 (38.5) 59 (61.5)
Hispanic 17 (70.8) 7 (29.2)

Education < 0.001{

< High school 36 (43.4) 47 (56.6)
High school/GED/

technical
165 (55.2) 134 (44.8)

Some college 109 (59.2) 75 (40.8)
‡ College degree 100 (69.0) 45 (31.0)

GCS severity 0.50
Moderate and severe 125 (59.8) 84 (40.2)
Complicated mild 285 (56.8) 217 (43.2)

PTA duration 0.001{

< 24 h 79 (67.0) 39 (33.0)
1–6 days 135 (61.4) 85 (38.6)
7–13 days 72 (55.8) 57 (44.2)
14–29 days 63 (54.8) 52 (45.2)
‡ 30 days 61 (47.3) 68 (52.7)

Preinjury employment
status

< 0.001

Employed 287 (58.8) 201 (41.2)
Student 42 (65.6) 22 (34.4)
Unemployed/disabled 40 (40.0) 60 (60.0)
Retired/homemaker 41 (69.5) 18 (30.5)

Alcohol use 0.003
AUDIT < 8 285 (61.7) 177 (38.3)
AUDIT ‡ 8 125 (50.2) 124 (49.8)

Mechanism of injury 0.023
Motor vehicle collision 218 (57.5) 161 (42.5)
Fall from moving

object
50 (61.0) 32 (39.0)

Fall from stationary
object

100 (64.1) 56 (35.9)

Assault 25 (39.7) 38 (60.3)
Other 17 (54.8) 14 (45.2)

an = 711.
*Fisher’s exact test p value, unless otherwise specified.
{Cochran-Armitage’s trend test p value.
GED, General Educational Development; GCS, Glasgow Coma Scale;

PTA, post-traumatic amnesia; AUDIT, Alcohol Use Disorders Identifica-
tion Test; GSI, General Severity Index.

Table 4. Multi-Variate Logistic Regression

Predicting GSI Caseness at 180 Days
a

Multi-variate OR (95% CI)

Age
18–30 1.00 (ref)
> 30–45 1.66 (1.05–2.61)
> 45–60 1.69 (1.10–2.61)
> 60 1.27 (0.68–2.36)

Sex
Female 1.00 (ref)
Male 1.35 (0.93–1.97)

Race/ethnicity
White 1.00 (ref)
African American 1.81 (1.11–2.96)
Hispanic 0.54 (0.21–1.36)

Education
< High school 1.00 (ref)
High school/GED/technical 0.77 (0.45–1.31)
Some college 0.76 (0.42–1.36)
‡ College degree 0.49 (0.26–0.91)

PTA duration
< 24 h 1.00 (ref)
1–6 days 1.36 (0.82–2.25)
7–13 days 1.64 (0.93–2.89)
14–29 days 1.88 (1.06–3.34)
‡ 30 days 2.38 (1.35–4.23)

Preinjury employment status
Employed 1.00 (ref)
Student 0.85 (0.46–1.57)
Unemployed/disabled 1.80 (1.11–2.91)
Retired/homemaker 0.82 (0.41–1.64)

Alcohol use
AUDIT < 8 1.00 (ref)
AUDIT ‡ 8 1.45 (1.02–2.05)

Mechanism of injury
Motor vehicle collision 1.00 (ref)
Fall from moving object 1.28 (0.76–2.17)
Fall from stationary object 0.96 (0.62–1.47)
Assault 1.62 (0.87–3.01)

an = 711.
GED, General Educational Development; PTA, post-traumatic amnesia;

AUDIT, Alcohol Use Disorders Identification Test; OR, odds ratio; CI,
confidence interval; ref, reference.
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issue of symptom validity and possible over-reporting, which was

not measured here. Finally, whereas we included participants with a

wide range of TBI severity, those at both ends of the spectrum were

excluded: The COBRIT trial did not enroll participants with un-

complicated mild TBI, and participants with severe limitations

were unable to complete a self-report measure of emotional

distress.

Despite these limitations, our findings confirm that there is a

high rate of clinically significant psychiatric disturbance in the first

6 months after TBI, and that symptoms occur both within and

outside the typically screened depression and anxiety clusters.

People with longer PTA duration and preinjury alcohol misuse

should be monitored closely for symptom development. Further

research should investigate the reasons for disparities in symptom

report among persons with TBI from different racial/ethnic groups.

In future, our understanding of symptom development and ex-

pression will undoubtedly be strengthened by inclusion of addi-

tional predictive factors, such as genomic data and information

from sensitive neuroimaging methods.
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