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Abstract

This study examines rates of reporting of new or worse post-traumatic symptoms for patients with a broad range of
injury severity at 1 month and 1 year after traumatic brain injury (TBI), as compared with those whose injury spared the
head, and assesses variables related to symptom reporting at 1 year post-injury. Seven hundred thirty two TBI subjects
and 120 general trauma comparison (TC) subjects provided new or worse symptom information at 1 month and/or

1 year post-injury. Symptom reporting at 1 year post-injury was compared in subgroups based on basic demographics,
preexisting conditions, and severity of brain injury. The TBI group reported significantly more symptoms at 1 month
and 1 year after injury than TCs (each p <.001). Although symptom endorsement declined from 1 month to 1 year, 53%
of people with TBI and 24% of TC continued to report 3 or more symptoms at 1 year post-injury. Symptom reporting in

the TBI group was significantly related to age, gender, preinjury alcohol abuse, pre-injury psychiatric history, and
severity of TBI. Symptom reporting is common following a traumatic injury and continues to be experienced by a
substantial number of TBI subjects of all severity levels at 1 year post-injury. (JINS, 2010, 76, 401-411.)

Keywords: Traumatic brain injuries, Neurobehavioral manifestations, Head injuries, Post-concussion syndrome,

Post-traumatic symptoms, Post-concussion symptoms

INTRODUCTION

Although often discounted because they cannot be indepen-
dently verified, self-reported post-traumatic symptoms (PTS)
are commonly the problems that people with traumatic brain
injury (TBI) present to health care providers. Post-traumatic
symptoms are reported by persons with mild TBI in the ab-
sence of obvious physical/neurological findings or findings on
formal performance measures. These symptoms are not unique
to those with TBI (not specific). This, together with higher
rates of self-reported symptoms in cases with potential for sec-
ondary gain (e.g., litigation), has cast doubts about the authen-
ticity of the reports. There is no doubt that PTS are common
immediately after the injury. The question is for how long they
persist, the fraction of cases that will continue to have them,
and what predicts who will continue to have them.
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The literature on post-traumatic symptoms is extensive.
Problems complicating interpretation of the published
studies that involve information on rates of symptoms and
the nature of symptoms, however, include: a lack of controls,
poor definition of the cases included, biased selection such
as cases seen in a clinic because of problems, and poor
follow-up. Furthermore, various definitions of post-traumatic
symptoms have complicated the interpretation of individual
studies and accumulation of information needed to move
forward in this area of investigation. Additionally, most
studies have only looked at cases of mild TBI.

A recent review by the Institute of Medicine highlights the
paucity of good information on the rates and types of symptom
reporting six or more months after injury in those with TBI
compared to controls (2009). This is especially the case in those
with more severe TBI. Six of the eight highest quality studies
were restricted to mild TBI (Gerber & Schraa, 1995; Heitger,
Jones, Frampton, Ardagh, & Anderson, 2007; Hoge et al., 2008;
Mickeviciene et al., 2002; 2004; Stulemeijer et al., 2006). Even
within the mild TBI studies, results were quite variable, but the
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preponderance of evidence indicates that those with mild TBI
report significantly more symptoms than people whose injuries
spared the head. Two studies included more severe cases
(Masson et al., 1996; McLean, Dikmen, & Temkin, 1993).
Most symptoms were significantly more common in those with
TBI, but there are no explicit comparisons of the more severe
cases with controls. A more recent population-based large
study based on non-hospitalized mild TBI cases indicates one
or more post-traumatic symptoms at three months after injury
in 44% of the cases and three or more symptoms in 24% of the
cases. Unfortunately, this study did not use a control group
(Lannsjo, af Geijerstam, Johansson, Bring, & Borg, 2009).

An important distinction to make in studies of post-
traumatic symptoms is between those addressing the natural
history of recovery and rates of PTS versus those addressing
factors contributing to symptom endorsement. Most of the
literature on PTS has focused on the latter and has identified
numerous factors that contribute to symptom endorsements,
such as expectation, pain, depression, and financial compen-
sation. An exception is the well-controlled prospective sport
concussion studies, which have yielded valuable information
about the natural history of recovery from PTS after these
very mild concussions in healthy young people (McCrea,
2008). However, as summarized earlier, there is limited in-
formation about rates and types of post-traumatic symptoms
after civilian injuries for representative patients with a broad
spectrum of TBI severity, which is the focus of the present
study. This study addresses the following questions:

1. What is the rate and type of new or worse self-reported
post-traumatic symptoms 1 month and 1 year after TBI
compared to those whose injury spared the head?

2. What is the relationship of pre-injury and injury factors
to symptom reporting at 1 year?

METHODS

Participants with Traumatic Brain Injuries

The 829 participants in this study were recruited at the time
of injury into one of four prospective longitudinal investiga-

Table 1. Demographics
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tions: the Behavioral Outcome Study, the Patient Character-
istics Study, and the studies to prevent post-traumatic
seizures, the Dilantin Prophylaxis Study and the Valproate
Prophylaxis Study. Please see Supplemental Tables I and 1T
in the Appendix for inclusion/exclusion criteria of the four
studies and basic demographic and brain injury severity in-
formation, respectively. The studies enrolled participants
from 1980 to 1994 among people hospitalized at Harbor-
view Medical Center, Seattle, Washington, the only Level I
trauma center for a four-state region. The inclusion criteria
varied across the studies, but all participants met the fol-
lowing minimum entrance criteria: positive evidence of TBI
(e.g., any period of loss of consciousness, post-traumatic
amnesia of at least 1 hour, or computed tomography (CT)
evidence of a brain lesion), and willingness to participate in
the study. The studies differed on the imposition of addi-
tional severity criteria and the exclusion, for some studies, of
subjects with preexisting condition (e.g., alcohol problems
or hospitalization for prior TBI). The Patient Characteristics
Study represents essentially unselected hospitalized cases of
TBI. It included all cases of people 16 years of age or older
hospitalized with TBI, except those where they or their
family did not consent. For determining the overall impact of
TBI on symptom endorsement, inverse probability weight-
ing (Horvitz & Thompson, 1952) was used so that the results
represent these unselected cases hospitalized with TBI.
Study interventions had no effect on symptom endorsements
(data not shown). For more detailed selection criteria for
these studies and more details about the combining of
the samples, see our earlier studies (Dikmen, et al., 1995a;
Temkin et al., 1999). The 732 participants who provided
symptom information at 1 month and/or 1 year comprise the
sample for this study.

Demographic information is summarized in Table 1. Sub-
jects were on average young males with a high school edu-
cation. Post-traumatic symptom information was collected
at 1 month post-injury on 603 participants. The severity of
the neurologic impairments precluded assessment for 163
subjects. Thirty eight subjects were not approached because
1-month testing was temporarily discontinued due to study
budgetary restraints. Symptoms were collected at 1 year on

TBI TC p

n 732 120
Mean Age (SD) 31.3(13.8) 31.4 (13.7) 961
Mean Education (SD) 12.2 (2.4) 12.1 (2.5) 532
% Male 76 72 306
Glasgow Coma Scale

% 13-15 Mild 11 10

% 13-15 Mild 21 53

% 9—12 19

% 3-8 18

Note. TBI = Traumatic Brain Injury; TC = Trauma Control; SD = Standard deviation.
Mild 1 cases have GCS 13—15 with no CT brain abnormalities and PTA under 24 hours; Mild 2 cases had at least one of these two se-

verity features.

https://doi.org/10.1017/51355617710000196 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617710000196

Rates of symptom reporting following traumatic brain injury

624 subjects. Twenty subjects died, 35 remained too neuro-
logically impaired to be asked about symptoms, and 57 were
not approached because testing was temporarily discontin-
ued due to study budgetary restraints. Thus, of participants
who were approached and were neurologically able to re-
spond, symptom information was obtained from 96% at
1 month and 87% at 1 year post-injury. Sixty percent of the
TBI group completed both the 1-month and 1-year assess-
ments. This percentage is relatively low because some sub-
jects were neurologically too impaired to provide symptom
information, particularly at 1 month, and there were also
periods of time when either 1-month or 1-year testing was
suspended because of budget constraints as described earlier.

General Trauma Comparison Participants

One hundred and twenty comparison participants were en-
rolled for the Patient Characteristics Study. These subjects
sustained traumatic injury to the body, but not the head. The
most frequent types of injuries sustained included injury to
the skin and muscles (88%) and/or extremity injuries (71%).
Demographically, these subjects were similar to the partici-
pants with traumatic brain injury (see Table 1). Information
about the functional status of the comparison subjects can be
found in Dikmen et al. (1995b). Symptom information was
obtained from 99% of the sample at 1 month and from 92%
at 1 year. Of the trauma control subjects, 92% were tested at
both times. All data were obtained in compliance with eth-
ical regulations of the University of Washington Institutional
Review Board.

Measures

Demographics and pre-injury characteristics

Basic demographic information included gender, age, and
educational level (dropped out before high school gradua-
tion, high school graduate with or without some academic
post-secondary education or high school student at the time
of the injury, college graduate). Preexisting conditions were
defined as a pre-injury history of treatment for alcohol prob-
lems including attending meetings of Alcoholics Anony-
mous, inpatient alcohol treatment program, outpatient
structured treatment center, multiple alcohol schools or was
in Detox. Preexisting serious psychiatric condition was de-
fined as an inpatient psychiatric hospitalization, and/or major
psychiatric diagnosis (e.g., schizophrenia, manic-depressive
illness), suicide attempt(s) or long term use of anti-depressant
medication). Pre-injury central nervous system disorders
included a previous TBI requiring hospitalization, epilepsy,
significant learning disability involving many years of spe-
cial education, or other conditions (e.g., brain tumor).

Injury severity

Brain injury severity was evaluated with the Glasgow Coma
Scale (GCS; Teasdale & Jennett, 1974) a measure of coma
depth. The mild GCS group (GCS 13-15) was subdivided
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further into two severity subgroups. The mild 1 subgroup
had GCS between 13 to 15, but neither CT abnormality nor
post-traumatic amnesia greater than 24 hours. The mild
2 subgroup had some CT brain abnormality (ignoring linear
skull fracture or air) or greater than 24 hours of post-
traumatic amnesia (PTA). Most of the subjects in this group
had both a CT brain abnormality and post-traumatic amnesia
lasting more than 24 hours (57%), while 20% had CT abnor-
mality only and 22% had post-traumatic amnesia only. This
classification procedure is similar to that used by Williams,
Levin, & Eisenberg (1990) except for inclusion of PTA in
addition to CT abnormality in the classification. The mild
1 group is similar to their simple mild (GCS 13 to 15 and no
CT abnormality). Our mild 2 group is similar to their com-
plicated mild group (GCS 13 to 15 with CT abnormality)
with the exception of 22% getting into this classification on
the basis of PTA greater than 24 hours alone.
Post-traumatic amnesia was assessed retrospectively at
1 month post-injury by asking subjects when they began to
remember day-to-day events consistently after their injury
(Russell & Smith, 1961). Retrospectively assessed PTA,
contrary to commonly held belief, does appear to have good
test—retest reliability, correlates well with other indices of
brain injury severity, and has a relationship to outcome com-
parable to GCS and time from injury to consistently fol-
lowing commands (Dikmen, Machamer, & Temkin, 2007).

Other system injury severity

Injuries to the body were measured with the Injury Severity
Score (ISS) modified to exclude injuries to the head (Baker,
O’Neill, Haddon, & Long, 1974). This score is calculated as
the sum of the squares of the three most severely injured
body regions on the Abbreviated Injury Scale. ISS was only
available for trauma controls and TBI subjects enrolled in
the Patient Characteristics Study. Symptom endorsement
rates in this subgroup are very similar to those in the entire
group (data not shown).

Symptoms

The Symptom Checklist (McLean, Dikmen, Temkin, Wyler, &
Gale, 1984) is a list of 12 symptoms commonly reported
following traumatic brain injury. They include headaches,
fatigue, dizziness, blurred vision, trouble concentrating, both-
ered by noise, bothered by light, irritability, temper, memory
problems, anxiety, and trouble with sleep. For each symptom,
subjects were asked if they had the symptom now, and if yes,
whether they had it prior to injury. If they had that symptom
prior to injury, they were asked if it was now better, the
same, or worse compared to pre-injury. A symptom was
counted if it was new or worse since the injury. Total number
of symptoms at 1 month and 1 year was calculated by sum-
ming the number of new or worse symptoms at each time.
The total score was prorated if less than 3 symptoms were
missing at a given time. Test—retest reliability for total
symptom score over 2 weeks is .85 (Pearson), and Kappa
for individual symptoms ranged from moderate to very
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good, except for problems with sleep (unpublished data
from our laboratory).

Data Analysis

To adjust for differences in the four studies’ entrance criteria
and to provide results that accurately reflect performance of
unselected traumatic brain injury survivors, the symptom
variables represent weighted averages of four subgroups
using inverse probability weighting and the population of the
Patient Characteristics study as the standard. The four sub-
groups were formed by combinations of the presence or ab-
sence of two factors: preexisting conditions and a head injury
meeting the Dilantin Prophylaxis study severity entrance cri-
teria. Details of the procedure are in Dikmen et al., 1995a.

The first set of analyses used weighted chi-square tests to
compare TBI and trauma controls on symptom reporting at
1 month and 1 year post-injury. The data are summarized by
the weighted rate in those with TBI and in those with general
trauma sparing the head.

The second set of analyses used unweighted chi-square
tests to examine symptom reporting at 1 year post-injury in
the TBI group subdivided by demographics, pre-injury char-
acteristics, and injury severity.

A third set of analyses used multiple regression to predict
total number of symptoms at 1 year post-injury using ISS
and TBI severity as predictors in the subset of subjects with
ISS information. ISS was grouped into three categories
of severity of other system injuries, < 5, 620, and > 21,
and subjects were grouped into five severity categories
representing trauma controls, mild 1, mild 2, moderate, and
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severe TBI. ISS severity group was entered first followed by
TBI severity. In addition, an unweighted chi-square test was
used to examine ISS distribution between trauma controls
and those in the mild 1 TBI group.

RESULTS

Demographics and injury characteristics of the people with
TBI and controls are given in Table 1. The groups are both
predominantly young males with a high school education.
The TBIs are mostly in the mild range according to GCS, but
all TBI subjects were hospitalized and many of those with
GCS 13-15 had CT abnormalities or prolonged PTA. Symp-
tom endorsement was examined by treatment group for the
subjects in the clinical trials. There was no difference be-
tween treatments in endorsement of individual symptoms or
in the number of symptoms endorsed (data not shown).

The percentage of cases endorsing each symptom as new
since the injury or more severe since the injury is given in
Table 2. Symptoms are commonly reported in both groups at
1 month and are reported by a substantial number of those
with TBI at 1 year after injury. Most of the symptoms are
significantly more common in those who have had a TBL
Fatigue and cognitive symptoms are prominent at both times,
while physical symptoms such as headache, dizziness, blurred
vision, and being bothered by light are more common in those
with TBI at 1 month after injury. Most of the physical symp-
toms, although decreased in frequency by 1 year, neverthe-
less have some of the highest risk ratios. Interestingly, temper,
irritability, and anxiety, which were almost equally common
among those with TBI and trauma controls at 1 month, are

Table 2. Symptom endorsement (%) at 1 and 12 months after injury. Only symptoms new or worse since the injury are counted

1 Month 1 Year
TC = TC =
TBI= (100 - TBI= (100 —
sensitivity specificity) Risk Ratio p value sensitivity specificity) Risk Ratio p value

n 603 119 621 111

Memory 47 12 3.92 .000 43 17 2.53 .000
Trouble 44 24 1.83 .000 35 17 2.06 .000

concentrating
Fatigue 66 56 1.18 .046 42 26 1.62 .002
Ancxiety 35 34 1.03 .833 30 14 2.14 .001
Irritability 40 39 1.03 918 36 22 1.64 .002
Temper 18 18 1.00 .896 24 11 2.18 .002
Dizziness 51 20 2.55 .000 22 9 2.44 .001
Headache 55 26 2.12 .000 29 18 1.61 .020
Blurred vision 35 8 4.38 .000 19 10 1.90 .016
Bothered by light 21 8 2.63 .000 14 5 2.80 .012
Trouble sleeping 45 39 1.15 .266 28 21 1.33 131
Bothered by noise 27 17 1.59 021 22 16 1.38 .207
Mean Total 4.8 (3.0) 3.0(2.5) .000 3.5@3.3) 1.9 (2.5) .000
Symptoms (SD)

% > 1 Symptom 95 79 1.20 .000 76 62 1.22 .005
% > 3 Symptoms 74 53 1.39 .000 53 24 2.21 .000

Note. TBI = Traumatic Brain Injury; TC = Trauma Control; SD = Standard Deviation.

https://doi.org/10.1017/51355617710000196 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617710000196

Rates of symptom reporting following traumatic brain injury

significantly more frequent in those with TBI by 1 year.
Although most of the included symptoms are referred to as
“post-concussion symptoms,” each is reported by at least
some people whose trauma spared the head, and some, such
as fatigue, irritability, and trouble sleeping, are still reported
frequently by the trauma controls at 1 year after injury.

Rate of symptom endorsement generally declined be-
tween 1 month and 1 year after injury, but this was not uni-
formly the case on an individual basis. Between 4% and 18%
of those with TBI examined at both times endorsed a given
symptom at 1 year that they had not endorsed at 1 month
after injury. Problems with irritability, memory, and temper
were the most likely to be newly reported at 1 year. For
trauma controls, the rate of new endorsement was between
4% and 13%, with problems with irritability and memory
being most frequently newly endorsed.

Several pre-injury and injury characteristics were exam-
ined to determine their relationship to symptom reporting at
1 year after injury. Although women are often said to be
much more likely to complain about symptoms after TBI,
we found only limited evidence of that at 1 year after injury
(see Table 3). Being bothered by noise, headaches, and re-
porting more than one symptom were significantly more of-
ten seen in females after adjusting for the number of
symptoms examined. For most symptoms, the rate of en-
dorsement is almost equal.

People with TBI in their middle years reported more
symptoms than older people and young adults (see Table 4).
This was significant for anxiety, irritability, and temper, but
the pattern was similar for most symptoms.

Other factors examined include pre-injury alcohol, psy-
chiatric, and neurological conditions, educational level and
brain injury severity (see Tables 5-7). Pre-injury alcohol
abuse and psychiatric history were associated with greater
symptom endorsements.

Table 3. Symptom endorsement (%) at 1 year after TBI for males
and females

Male Female p value

n 470 153

Memory 46 44 .641
Trouble concentrating 34 38 435
Fatigue 39 44 .298
Anxiety 28 33 358
Irritability 37 38 923
Temper 24 28 391
Dizziness 22 27 273
Headache 25 37 .009
Blurred vision 20 19 128
Bothered by light 12 17 173
Trouble sleeping 26 29 .601
Bothered by noise 20 32 .004
Mean Total Symptoms (SD) 3.43.2) 3.8(3.2) 11
% > 1 Symptom 76 84 .025
% >3 Symptoms 52 58 193

Note. TBI = Traumatic Brain Injury; SD = Standard Deviation.
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Although those who did not complete high school tended
to endorse more problems, educational level was not an im-
portant factor in symptom reporting.

Comparisons between TBI severity subgroups, adjusting
for the multiple comparisons on the 12 symptoms, yielded
significant difference on only the memory complaints. Those
with GCS < 12 endorsed more memory problems than those
in the mild 1 group. Comparing the rate of symptom en-
dorsement in injury severity subgroups to that of trauma
controls, those in the mild 2 subgroup or with moderate and
severe injuries endorsed more problems, especially with
memory and temper than trauma controls. Irritability and
trouble concentrating are also endorsed more often by some
of the more severe subgroups. Although those in the mild
1 group did not differ significantly from the trauma controls,
their symptom endorsement rates were consistently higher.
The nonsignificant results could be due to smaller sample
size of this severity subgroup. One might question whether
the other system injuries were comparable in the severity
groups. Those with more severe head injuries tended to have
more severe other system injuries than the trauma controls.
However, the mild 1 cases have almost an identical other
system injury severity distribution as the TCs (p = .810).

Because of the possibility that other system injuries might
contribute to symptom endorsement, we examined the con-
tribution of ISS and TBI severity to the number of symptoms
endorsed at 1 year. ISS (excluding the head) did not contrib-
ute significantly to total symptom endorsement at 1 year
post-injury (R?=.010, p =.218). However, after other system
injury severity was controlled, TBI severity continued to
be a significant predictor of total symptoms at 1 year post-
injury (R % change = .078, p =.0001).

DISCUSSION

This study provides information about rates of post-traumatic
symptoms in a sample of hospitalized TBI subjects at
1 and 12 months after injury. This TBI sample should be
representative of hospitalized patients with civilian TBI of
a broad spectrum of injury severity. Compared to current
hospitalization practices, patients with less severe brain in-
juries are probably over-represented because data were col-
lected between the years of 1980 and 1994, when admission
to hospitals were more lenient in the lower severity range
compared to now (Thurman, Alverson, Dunn, Guerrero, &
Sniezek, 1999). Subjects were recruited in the acute stage,
based on the characteristics of their injury, and were pro-
spectively studied rather than recruited based on outcome
(e.g., receiving treatment in a specialty clinic). This pro-
tects against potential biases, such as over-representation of
cases with complicated recoveries, which would inflate the
estimates of poor outcomes. To control for demographics
such as age, education, gender, and a trauma (other than
TBI), a comparison group consisting of individuals with
an injury, but not a TBI, were studied. Thus, difference in
the rates between those with TBI and our controls should
provide rates more closely associated with TBI. Data were
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Table 4. Symptom endorsement (%) at 1 year after TBI for different age groups

<20 21-30 31-40 41-50 51-60 >61 p value

n 143 232 125 62 37 24

Memory 38 47 48 53 49 33 183
Trouble concentrating 28 38 39 45 27 17 .033
Fatigue 34 38 48 52 51 29 .022
Anxiety 20Ab 29 404 420 19 17 .001
Irritability 29 434 418 48¢ 24 8ABC .001
Temper 24A 268 34¢€P 24F 8C (QABDE .001
Dizziness 18 23 27 27 24 29 425
Headache 22 31 34 26 30 12 114
Blurred vision 16 19 22 29 27 12 206
Bothered by light 11 16 14 16 8 0 192
Trouble sleeping 22 29 29 36 19 17 187
Bothered by noise 18 21 29 32 27 25 116
Mean Total Symptoms (SD) 2.8 (3.0)¢f 3.6@3.1) 4.0 (3.5)c 4.3 (3.3)m 3.2(25) 2 (2.0)¢n .001
% > 1 Symptom 69 78 80 84 89 79 .061
% >3 Symptoms 432 56° 57¢ 662D 60 25beD .001

Note. Subgroups marked with the same capital letters are significantly different by Tukey’s post hoc test at p < .01. Subgroups marked with the same lower
case letters are significantly different by Tukey’s post hoc test at p < .05. TBI = Traumatic Brain Injury; SD = Standard Deviation.

collected for research purposes rather than for clinical or
litigation reasons. The subject could release the data with
informed consent, but this was rare and only the neuropsy-
chological test results were released. Confidentiality
agreements from NIH were in place to even protect against
subpoena. Undoubtedly, there were cases with complicated
recoveries or litigation (as defendant or plaintiff), but they
should be in proportion to what happens naturally. Note
that there is not a single true value for how frequently a
symptom occurs after TBI. Several common variations in
the way the questions are asked influence the rates. Logi-
cally, rates are likely to be higher when subjects are given a

list of symptoms (which was the method in our study),
rather than spontaneously reporting them (Nolin, Villemure, &
Heroux, 2006). Other reasons for higher rates include
asking about symptom occurrence any time since the injury
rather than recently (we asked for current symptoms), or
including symptoms present prior to the injury that were
not worse (we counted them only if they were new or had
gotten worse compared to pre-injury). Finally, rates are
likely to be higher when only the occurrence of the symp-
tom is required rather than its interference with functioning
or quality of life (we counted them regardless of impact). In
addition, some biases increase rates. The most common

Table 5. Symptom endorsement (%) at 1 year after TBI as a function of preexisting conditions at the time of injury

Alcohol PE Psychiatric PE CNS PE

No Yes p value No Yes p value No Yes p value
n 485 135 578 43 552 65
Memory 42 56 .006 45 51 432 46 40 431
Trouble concentrating 34 41 125 34 46 135 35 37 783
Fatigue 39 48 .059 40 51 .149 40 48 233
Anxiety 27 38 .024 28 46 .014 30 31 .886
Irritability 35 47 .009 36 56 .013 38 35 787
Temper 24 30 178 24 37 .067 26 18 227
Dizziness 22 28 167 23 30 270 23 23 1.00
Headache 28 30 .667 28 35 296 28 28 1.00
Blurred vision 20 22 468 19 33 .046 20 18 .870
Bothered by light 14 13 1.00 13 23 .063 13 18 .246
Trouble sleeping 24 36 011 26 42 .031 26 31 462
Bothered by noise 24 22 .818 22 40 .014 23 23 1.00
Mean Total Symptoms (SD) 3.3 (3.1) 4.1 (3.3) .012 34@3.1) 49@3.8) .012 3532) 3533 948
% > 1 Symptom 76 84 .046 78 79 1.00 78 75 .639
% >3 Symptoms 50 65 .003 52 67 .059 53 58 431

Note. PE = Preexisting; CNS = Central Nervous System; SD = Standard Deviation.
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Table 6. Symptom endorsement (%) as a function of pre-injury level of education

407

Did not finish HS HS, Some College College Degree p value

n 157 395 70

Memory 52 44 40 147
Trouble concentrating 44 33 27 .023
Fatigue 46 38 44 173
Anxiety 35 28 27 .191
Irritability 44 35 34 .149
Temper 29 24 23 338
Dizziness 29 22 20 134
Headache 30 28 26 790
Blurred vision 26 19 13 .073
Bothered by light 17 12 14 .379
Trouble sleeping 31 27 20 234
Bothered by noise 25 21 31 158
Total Mean (SD) 4.1 (3.4) 33@3.1)8 3.2(3.0) .030
9% > 1 Symptom 83 76 77 251
% >3 Symptoms 61 52 46 .066

Note. Subgroups marked with the same capital letters are significantly different by Tukey’s post hoc test at p < .01. Subgroups marked
with the same lower case letters are significantly different by Tukey’s post hoc test at p < .05. HS = High School; SD = Standard Devia-

tion.

bias is choosing respondents from those seeking care for
clinical reasons or because they are involved in litigation,
rather than from representative cases of TBI (our subjects
were selected on the basis of their injury and its character-
istics and not on their outcome). These variations are likely
causes of differences in the rates of PTS reported in the
literature.

With these methodological characteristics in mind, the re-
sults indicate high rates of symptom endorsement at 1 month

and 1 year after injury in spite of decreased endorsement of
some symptoms from 1 to 12 months. General trauma con-
trols also report symptoms, but at a lower rate. Although they
are usually called post-concussional symptoms, their en-
dorsement is high with all severities of TBI. Perhaps post-
traumatic symptoms would be a more accurate way to refer
to them.

Difficulties with memory, concentration, fatigue, anxiety,
and irritability are the most frequently reported symptoms 1

Table 7. Symptom endorsement (%) as a function of TBI severity (GCS)
p value p value all

TC Mild 1F Mild 2F 9-12 3-8 TBI groups groups
n 111 68 297 115 119
Memory 17ABC 26PE 444 51BD 52CE .003 .000
Trouble concentrating 17Ab 25 384 36° 32 192 .001
Fatigue 26 43 40 35 44 .569 .043
Anxiety 14 26 29 30 30 950 .033
Irritability 22Ab 31 33 38P 464 .066 .002
Temper 11ABe 13 24¢ 204 208 076 .002
Dizziness 94 18 274 20 19 181 .003
Headache 18 25 29 30 24 670 177
Blurred vision 10 16 21 16 25 243 024
Bothered by light 5 15 13 14 13 .987 209
Trouble sleeping 21 26 24 31 31 336 263
Bothered by noise 16 18 21 25 26 481 331
Mean Total Symptoms (SD) 1.9 2.5 2.8 (3.1) 34323 35320 3.7 (3.0 299 .000
% > 1 Symptom 6228 71 772 75 878 044 .001
% >3 Symptoms 24ABC 44 504 588 58€ 161 .000
Mean ISS (SD) 7.5 (6) 78(63)  7.6(8.2) 8.7 (9.9) 10.7 (11)

Note. "ild 1 cases have GCS 13-15 with no CT brain abnormalities and PTA under 24 hours; Mild 2 cases had at least one of these features. Subgroups
marked with the same capital letters are significantly different by Tukey’s post hoc test at p < .01. Subgroups marked with the same lower case letters are
significantly different by Tukey’s post hoc test at p < .05. TBI = Traumatic Brain Injury; GCS = Glasgow Coma Scale; TC = Trauma Control; SD = Standard
Deviation; ISS = Injury Severity Score (excluding the head); CT = Computed Tomography; PTA = Post-Traumatic Amnesia.
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year after TBI, and, despite substantial endorsement by TC,
have the highest excess endorsements by those with TBI.
Between 1 person in 4 and 1 in 7 with TBI endorsed each of
these symptoms more than would be expected if their injury
had spared their head. Half of the symptoms, including some
less commonly endorsed, occur at over double the frequency
seen in those without TBI, that is, with a risk ratio over 2.
Some symptoms, such as headache, dizziness, blurred vi-
sion, and being bothered by light, were more common in
those with TBI at 1 month after injury. Physical symptoms,
although, decreased in frequency by 1 year, had some of the
highest risk ratios. Interestingly, temper, irritability, and anx-
iety, which were almost equally common among those with
TBI and trauma controls at 1 month, were significantly more
frequent in those with TBI by 1 year. Our study cannot ad-
dress the etiology for these symptoms as to whether they
have direct neurological underpinnings versus represent
emotional reactions to the difficulties associated with their
injuries and their circumstances, or exacerbation of pre-in-
jury dispositions. However, clearly, such symptoms are more
frequently reported by those subjects with more severe rather
than milder injuries, as noted below.

Severity of brain injury had some bearing on symptom
endorsement. Those with more severe injuries tended to re-
port higher rates of memory problems, temper, and irrita-
bility, and also to have 3 or more symptoms, as compared to
controls. Significant differences between the TBI severity
subgroups were found only in memory complaints. No sig-
nificant differences in rates of endorsement were found be-
tween the mildest TBI (mild 1) group and trauma controls.
With the relatively small sample size, this should not be
taken as ruling out an important difference. Seven of the 12
symptoms, as well as three or more symptoms, were en-
dorsed at least 50% more often in the mild 1 group than in
the trauma controls.

These rates and their persistence are considerably higher
than the findings in sports injuries. The results of well-
controlled studies of sports injuries indicate that symptoms
subside by about 2 weeks in the majority of the cases after a
concussion obtained in play (McCrea, 2008). There are im-
portant differences, however, between sports injuries and
general civilian injuries. First, severity of sports injuries are
probably milder than what would lead to hospitalization.
Furthermore, those injured are young and healthy individ-
uals that are motivated to get back into play and perhaps
even motivated to withhold information about problems. The
population of sports injuries are not representative of those
with civilian TBL.

The results have a number of implications. First, while
PTS occur more often in those with TBI, they are not spe-
cific to TBI. These are common symptoms also reported by
people in general (Gouvier, Uddo-Crane, & Brown, 1988;
Iverson & Lange, 2003; Machulda, Bergquist, Ito, & Chew,
1998; McLean et al., 1984; Mittenberg, DiGiulio, Perrin, &
Bass, 1992; Sawchyn, Brulot, & Strauss, 2000; Trahan,
Ross, & Trahan, 2001; Wong, Regennitter, & Barrios, 1994),
those with depression (Iverson, 2006), pain (Gasquoine,
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2000; Iverson & McCracken, 1997; Radanov, Dvorak, &
Valach, 1992; Smith-Seemiller, Fow, Kant, & Franzen, 2003),
litigation (Binder & Rohling, 1996; Dunn, Lees-Haley,
Brown, Williams, & English, 1995; Lees-Haley & Brown,
1993; Paniak et al., 2002), patients receiving care, and those
with other system injuries, as reported in this study and by
others (Mickeviciene et al., 2004). Such symptoms are also
reported to a greater extent by persons with preexisting con-
ditions such as prior alcohol abuse, and psychiatric diffi-
culties as seen in the present study. Research also suggests
that expectation may also play a role in symptom endorse-
ment. In other words, people may be more likely to report
symptoms they expect to occur with the condition they have,
in this case, following brain injury (Gunstad & Suhr, 2002).
These findings indicate that while those with TBI report
greater symptoms, these symptoms are not sufficiently sen-
sitive or specific to be used to diagnose a brain injury.

Patients with TBI typically do not have isolated brain in-
jury. They may sustain injuries to other body systems with
associated impairments and disabilities. These combined
with preexisting and comorbid conditions, as the literature
reviewed here suggests, and post-injury circumstances (e.g.,
litigation, social support) may contribute to reported post-
traumatic symptoms. It is impossible to determine on the
basis of our dataset the degree to which post-traumatic symp-
toms have neurological underpinnings or they are a reaction
to the impairments associated with TBI, or represent exacer-
bation of pre-injury dispositions, or other causes. However,
just because they are not specific or sensitive enough for di-
agnostic purposes, and factors other than the index brain in-
jury can contribute to their endorsement, it does not follow
that they should be dismissed as irrelevant outcomes fol-
lowing TBIL

Second, these estimates are considerably higher than the
common belief that it is rare to have three or more symptoms
for more than 3 months after a concussion or mild TBI. Even
a year after the injury, 44% of the unselected hospitalized
cases in the mild 1 TBI group reported 3 or more symptoms
that were new or worse since the injury. The figure for the
general trauma controls without TBI was 24%. In this con-
text it is important to raise the question of whether our mild
1 group is representative of those with “concussion” or mild
TBI. It is difficult to answer this question because of the var-
iation in how mild TBI is defined. Our subjects probably are
more severe than those not hospitalized and those not re-
ported to the medical care system. However, the rates of
symptoms of our mild 1 group are comparable to those of a
group of subjects only seen in the emergency department for
their brain injuries at 6 months after injury using the same
examiner-administered symptom inventory (Bell et al.,
2008). In a large population-based study of very mild non-
hospitalized TBI (i.e., all subjects had GCS of 15) without
other system injuries, 24% endorsed 3 or more PTS as
causing at least a mild problem 3 months after injury (Lannsjo
et al., 2009). These findings raise questions about the basis
of the symptom criteria of the DSM IV (American Psychiatric
Association, 1994) and ICD10 (World Health Organization,
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1992) diagnosis of post-concussional syndrome. These
results suggest that it will be very common for mild TBI cases
to meet the ICD-10 symptom criterion for post-concussional
syndrome — defined as endorsement of 3 or more symptoms
without reference to whether these symptoms began or wors-
ened since the injury.

While the utility, the validity, and the weaknesses of these
classification systems are worthy of discussion, they go be-
yond the scope of this article. For discussion, see other pub-
lications (Boake et al., 2004; 2005; Kashluba, Casey, &
Paniak, 2006; McCauley et al., 2005; McCrea, 2008). These
classification systems seem to assume that it is normal for
those with milder injury to be free from most symptoms by
3 months after injury. The most recent and frequently cited
reference to support such recovery is Carroll et al.(2004).
However, it appears that the conclusions in the abstract of
that article are much more definitive and not consistent with
the text of the article. The abstract states, “For adults, cogni-
tive deficits and symptoms are common in the acute stage,
and the majority of the studies report recovery for most
within 3 to 12 months.” However, the body of the article
states that for adults and for non-sports injuries, findings on
duration of symptoms are mixed.

Some of the limitations of our study need to be acknowl-
edged. First, although we were able to examine various fac-
tors that might contribute to symptom endorsements, the
dataset did not allow examination of the contribution of other
factors, such as the specifics of other system injuries, the
circumstances of the accidents, post-injury circumstances,
and treatments received. Second, although trauma controls
are probably one of the most appropriate control groups in
civilian TBI, such a sample may not be able to control en-
tirely for other system injuries, particularly in the more se-
vere TBI cases. Injuries severe enough to cause severe brain
injury are likely to also be associated with more severe other
system injuries. However, other system injury severity did
not seem to account for differences in symptom endorsement
between the TBI and control groups. Furthermore, the se-
verity distribution of other system injuries was very compa-
rable for the mild 1 cases and the trauma controls. This
sample probably includes some subjects who were suing or
receiving compensation for their injuries. Their data on
symptom reporting was not used for either purpose, so there
was no financial incentive to exaggerate their symptom re-
ports for the study. However, it is possible that some did so
nonetheless. Finally, although our sample is not entirely rep-
resentative of those with mild TBI in its broad sense, the
more recent literature indicates that the rates there, too, are
higher than what is commonly thought.

The controversy related to post-traumatic symptoms has
come from both the clinical and litigation areas. In the clin-
ical area, the major issue is the source of difficulties, which
has implications for the approach to take for treatment. This
is best handled with a differential diagnosis approach
(Iverson, Zasler, & Lange, 2007). The more difficult area is the
implications of PTS in litigation. While reports of PTS are
understandably influenced by secondary gains, patients who
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have sustained brain injury indeed do continue to report PTS,
more than previously thought, even without the incentive of
monetary gain. The symptoms reported are probably the re-
sult of a combination of direct and indirect consequences of
the brain injury, as well as the personal characteristics of the
injured person and their circumstances. In other words, fac-
tors other than brain injury are likely to contribute or exacer-
bate PTS. For litigation purposes, unfortunately, the answer
is not a simple one if the issue becomes one of trying to
prove whether symptoms are neurologically based. In con-
clusion, many patients with TBI, including those with mild
TBI, do continue to report multiple post-traumatic symp-
toms through at least one year after injury. The specific
causes, however, are not simple to determine.
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Supplemental Table I. Inclusion and exclusion criteria for subjects of the four studies contributing to the dataset

Behavioral Patient
Outcome Characteristics Dilantin Valproate
Inclusion Criteria
Evidence of TBI (i.e., LOC, PTA X X X X
> 1 hour or intracranial CT findings)
CT findings (e.g., contusions, intracranial X X
hematomas, depressed skull fracture)
Subject identified at the time of acute care X X X X
Exclusion criteria
Age > 60 X
Age< 15 X X X X
Preexisting conditions X
Does not speak English X X X X
Cannot follow (e.g., homeless, X X X X
no phone, prisoners, expired)
Medical contraindication X X

Note. TBI = Traumatic Brain Injury; LOC = Loss of Consciousness; CT = Computed Tomography; PTA = Post-Traumatic Amnesia.

Supplemental Table II. Demographic and severity of injury characteristics of the four studies contributing to the

dataset
Behavioral Patient
Outcome Characteristics Dilantin Valproate P

n 98 223 133 278
Mean age (SD) 26 (8.1)2 30 (12.6)° 30 (13.7)¢ 35 (15)2be .000
Mean education (SD) 12.1 (2.2) 12 (2.4)% 12.2 (2.6) 12.5(2.4)2 .045
% Male 67 74 75 81 .041
Glasgow Coma Scale .000

% 13-15 Mild 17 14 24 0 0

% 13-15 Mild 27 44 47 48 66

9% 9-12 21 12 25 21

% 3-8 20 18 27 13
Participation rate*

1 month (%) 91 97 92 99

1 year (%) 93 95 78 83

Note. Age Subgroups marked with the same lower case letters are significantly different by Tukey’s post hoc test at p < .05. SD = Stan-

dard Deviation.

Mild 1 cases had GCS 13-15 with no CT brain abnormalities and PTA under 24 hours; TMild 2 cases had at least one of these

features.

*Participation rate is the percent of subjects that were approached, consented, and neurologically able to respond who provided symptom
information. See text for reasons not being approached at 1 month and 1 year.
Note that the whole group analysis presented in Table 2 of the manuscript uses inverse probability weighting to adjust for selection

criteria based on injury severity and preexisting conditions.
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