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Psychosis is a rare but devastating sequela of
traumatic brain injury (TBI). This study exam-
ined risk factors for developing a psychosis sec-
ondary to TBI (PSTBI). Demographics of 25 inpa-
tients with PSTBI were statistically analyzed for
risk factors. Data from the PSTBI group were also
compared with data from a control group of TBI
patients without psychosis. Results indicate the
PSTBI group was more likely to have had a previ-
ous congenital neurological disorder or to have
sustained a head injury prior to adolescence. The
PSTBI also had a higher proportion of males. Dis-
cussion focuses on potential models for developing
PSTBI.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2001; 13:61–69)

Psychosis is a devastating sequela of traumatic brain
injury (TBI). Lifetime incidence rates of TBI survi-

vors who later demonstrate psychotic symptoms vary
across studies, but they are generally low. Davison and
Bagley’s review of papers published between 1917 and
1960 reveals incidences ranging from 0.07% to 9.8%.1

More recently published studies report similar inci-
dence rates of 3.4% and 8.9%.2,3

The onset of psychosis after TBI is highly variable but
is generally delayed. In their study of World War II vet-
erans, Achte et al.4 reported that the occurrence of psy-
chotic symptoms ranged from 2 days to 48 years after
injury, with 42% experiencing their first psychotic epi-
sode 10 or more years after sustaining a missile wound
to the head. Fujii and Ahmed5 reported a range from 3
months to 19 years with a mean onset of 5.9 years after
closed head trauma. And Feinstein and Ron6 reported a
mean latency of 11.7 years with a range of 0 to 52 years.

Evidence from World War II medical reports, case
studies, and contemporary structural imaging data sug-
gests that psychosis secondary to TBI is associated with
damage to frontal and temporal areas. This association
has been found in both open1,3,7 and closed6 head injury
patients. Interestingly, these structures have also been
implicated in schizophrenia.8–11



62 J Neuropsychiatry Clin Neurosci 13:1, Winter 2001

PSYCHOSIS AND TBI

Despite a growing interest in this diagnosis, not much
is known about risk factors for developing a psychosis
after TBI. It is well established that delusions and hal-
lucinations can result from temporal lobe epilepsy.12,13

Seizure disorder is a common sequela of TBI, and it has
been speculated that kindling in temporal limbic areas
may be one mechanism in developing a psychosis.13,14

Other investigators reported a preponderance of males
in their sample of state hospital inpatients who devel-
oped a psychosis secondary to TBI.5 Psychosis has also
been found to occur shortly after a TBI in persons who
are predisposed to schizophrenia.15

One area that has not been examined as a risk factor
for developing a psychosis secondary to TBI is the effect
of prior brain damage or neurological condition. Fujii16

argues that the presentation of symptoms after TBI is an
interaction of the injury and characteristics of the pre-
morbid brain. Individuals differ in their brain organi-
zation, which could be affected by biological factors or
experience. More profound effects on brain organization
may result from conditions that actually damage the
brain such as neurological disorders, traumatic brain in-
jury, or drug abuse. Is it possible that changes resulting
from previous brain damage can increase the risk for
developing a psychosis with additional brain trauma?

The current study examines risk factors for develop-
ing a psychosis secondary to TBI. It is hypothesized that
individuals who develop a psychosis secondary to TBI
are more likely to have had a preexisting neurological
condition. Prior existence of these conditions would be
especially crucial for development of a psychosis after a
mild head injury.

METHODS

Potential subjects for the TBI psychosis group were state
hospital inpatients referred for a neuropsychological
evaluation within a period of 7 years. Such referrals
were generally based on performance on an intake neu-
rocognitive screening battery consisting of the Trail
Making Test parts A and B and the Bender Gestalt Test.
Referrals were also made if a known neurological con-
dition existed such as HIV-positive status.

Criteria for patients with psychosis secondary to TBI
were based on the DSM-IV17 criteria for Psychotic Dis-
order due to a General Medical Condition—namely, the
presence of 1) hallucinations or delusions, 2) historical
or laboratory evidence indicating the psychosis is the
direct physiological consequence of the medical condi-
tion, 3) psychotic symptoms not better accounted for by
another mental disorder, and 4) psychotic symptoms
not occurring exclusively within the course of delirium.

Because of cited difficulties in determining whether a
psychotic condition is a direct consequence of the TBI,18

additional criteria described by Cummings were
adopted to further operationalize DSM-IV criterion #2
for the disorder.19 Thus, to ensure the association be-
tween psychosis and TBI, PSTBI subjects had to also
meet the following criteria: 1) no reported family history
of psychotic illness, 2) no prior history of psychotic ill-
ness, 3) a history of TBI, 4) onset of psychotic symptoms
after TBI, and 5) the existence of cognitive deficits.

Severity of TBI was based on criteria set by the Mild
Traumatic Brain Injury Committee of the Head Injury
Interdisciplinary Special Interest Group, American Con-
gress of Rehabilitation Medicine.20 Criteria are based on
duration of loss of consciousness (LOC). A head injury
is classified as mild if LOC is 30 minutes or less and
moderate to severe if LOC is longer than 30 minutes.

A total of 284 patients were referred for neuropsycho-
logical testing during this period. Of the total, 25 pa-
tients met inclusion criteria for psychosis secondary to
TBI. The following are initial admitting diagnoses upon
onset of symptoms; thus, in some cases, the diagnosis
listed was received prior to admission into the state hos-
pital. Seventeen subjects were diagnosed with schizo-
phrenic illness: 12 paranoid schizophrenia, 3 chronic un-
differentiated type, 1 childhood schizophrenia, and 1
schizoaffective disorder. Four subjects were diagnosed
with an organic disorder: 1 organic hallucinosis, 1 or-
ganic brain syndrome, 1 psychotic disorder due to sub-
stance abuse, and 1 psychotic disorder due to traumatic
brain injury. The other 4 subjects received diagnoses of
posttraumatic stress disorder, attention-deficit/hyper-
activity disorder (ADHD), psychotic disorder not oth-
erwise specified, and involutional paranoid state.

The sample comprised 12 Pacific Islanders, 9 Cauca-
sians, 2 Asians, 1 African American, and 1 Native Amer-
ican. Prior history of substance abuse was reported in
14 subjects. Of these subjects, 8 reported use of sub-
stances that have the potential to induce a psychosis
with long-term use (e.g., methamphetamine, cocaine,
LSD). None of these subjects were reported to be using
these substances at the time of psychosis onset.

The control group consisted of outpatient TBI patients
who were referred for neuropsychological evaluation to
address issues of TBI. Referrals were made to the same
department during the same time period. There were 21
subjects in the control group. This sample comprised 8
Caucasians, 5 Asians, 4 Pacific Islanders, 2 African
Americans, and 2 Hispanics. Of these subjects, 3 re-
ported past abuse of substances that have the potential
to induce a psychosis.

The design of the study was a retrospective chart re-
view. Data from the TBI subjects with psychosis were
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analyzed both within group and with the control group
where appropriate. Analyses included chi-squares, two-
tailed t-tests, and descriptive statistics. Significance level
was set at 0.05.

RESULTS

Data for TBI subjects with psychosis are presented in
Table 1. The control group is characterized in Table 2.

The gender of the TBI sample was predominantly
male (24:1). This gender ratio was significantly different
from the expected 2:1 gender base rates for TBI
(v2�4.21, P�0.05). Gender proportions (9:12) were also
significantly different from those of the control group
(v2�16.8, P�0.001). The gender ratio for the psychosis
group, however, is not significant if statistics are calcu-
lated on the gender base rates of the institution
(v2�0.91, P�0.05).

The ratio of right versus left/mixed hand dominance
for the psychosis group (20 right; 5 non-right) was pro-
portionally similar to the ratios in both the general
population (v2�0.50, P�0.05) and the control group
(v2�0.07, P�0.05). There were no differences between
the highest level of education attained between the psy-
chosis and control groups (mean�SD: 11.4�2.1 vs.
12.6�3.7 years; t�0.202, P�0.05). The groups were also
similar in WAIS-R Full Scale IQ scores: psychosis,
89.0�16.2; control, 94.3�21.6 (t�0.371, P�0.05). No
differences were found in proportion of past use of sub-
stances that can induce a psychosis with long-term use
(v2�2.57, P�0.05).

The mean sample age for sustaining a TBI that pre-
dated the psychotic condition was 21.4�11.9 years
(range 3–48 years). The majority of head injuries were
caused by motor vehicle accidents (9). The next most
frequent cause of injury was falls (5), followed by assault
(4). The other causes included 2 bicycle accidents, 2 box-
ing accidents, a construction accident, a wagon accident,
and a football accident. The majority of subjects expe-
rienced a loss of consciousness (16/22; 3 unknown).
Most head injuries were considered mild (16/22; 3
could not be determined).

There were no differences in age at occurrence of head
injury between the psychosis and control groups
(t�0.364, P�0.05) or in proportion of closed to open
head injury (v2�1.89, P�0.05). There was a trend for
difference in the proportion of mild to moderate-severe
injuries (v2�3.24, P�0.10), with the control group hav-
ing a greater proportion of moderate to severe injuries.

Secondary seizures occurred in only 3 of the 25 psy-
chosis subjects, which is similar to the general TBI popu-
lation’s 5% incidence rate (v2�0.25, P�0.05). There were

no differences in proportion of seizure occurrence be-
tween psychosis and control subjects (3/21 control sub-
jects; v2�0.03, P�0.05). In addition, no differences were
found in the proportion of subjects who had a history
of abusing substances that can induce a psychosis
(v2�1.75, P�0.10).

The mean age for onset of psychosis was 25.6�12.1
years (range 6–54 years). The mean delay for onset of
psychotic symptoms was 4.6�4.4 years (range 0–15
years). Eighteen subjects experienced paranoid delu-
sions, 15 had auditory hallucinations, and 2 had visual
hallucinations. For the control group, the mean length
of time since the injury was 9.2�8.4 years (range 1–23
years). Fifteen control subjects had symptom-free post-
injury durations that were longer than the mean for
symptom onset in the psychosis group.

The majority of subjects in the psychosis group re-
ported a prior history of head injury or symptoms of a
neurological disorder (20/25; 80%). Fourteen of the
subjects had sustained a prior head injury. Three ex-
perienced seizures, 3 were diagnosed with a learning
disability or were placed in special education, 2 expe-
rienced birth complications (1 was premature with hyp-
oxia; the other was premature with a low birth weight),
1 was diagnosed with ADHD, and 1 was diagnosed
with congenital syphilis. The proportion of subjects in
the psychosis group that experienced a prior head injury
or prior neurological disorder was greater than chance
(v2�4.50, P�0.05) and significantly differed from the
control group (v2�7.99, P�0.01).

In addition, the majority of subjects in the psychosis
group (17/20) reported either a congenital condition or
a head injury sustained prior to the onset of adolescence.
This proportion is again greater than chance (v2�4.9,
P�0.05), but it is not significantly different from the con-
trol group (v2�0.42, P�0.05).

DISCUSSION

Our findings support the general hypothesis that a pre-
existing head injury (probably causing brain injury) or
a neurological condition are risk factors for developing
a psychosis secondary to TBI. Eighty percent of our psy-
chotic TBI sample reported previous neurological con-
ditions, compared with less than 40% of the control
group. In a significant majority of the psychosis group,
the condition occurred prior to or during childhood.
This finding is consistent with Fujii’s argument that the
presentation of symptoms after TBI is an interaction of
the injury and characteristics of the premorbid brain.16

Whereas other studies have reported that secondary
psychosis generally occurs after moderate to severe
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head injury,4,5 the majority of our cases involved mild
head injury. The fact that most of our subjects had ex-
perienced a previous head injury or neurological con-
dition supports our corollary prediction that the exis-
tence of a prior neurological condition may be an
important factor for developing a psychosis after mild
brain injury.

A trend did exist, however, for proportionately more
of the TBIs to be at the moderate or severe level in the
control group than in the psychosis group. This finding
is counterintuitive and contradicts findings from other
studies.4,5 We believe that this trend may be due to bi-
ases in data collection. Subjects in the control group
were those referred for neuropsychological evaluation
and treatment. It is therefore likely that the more severe
cases would be overrepresented among those referred.

Another finding was that males significantly outnum-
bered females in developing a psychosis when the gen-
der ratio in the psychosis group was compared with
those for the control group and for people with head
injuries in the general population. However, this ratio
was not significant when compared with the base ratio
of males to females in the institution from which the
data were collected. This finding may thus be an artifact
of the sample.

Although our findings with regard to gender are
equivocal, there are many reasons why males might be
at higher risk than females for developing a secondary
psychosis. Males are found to have a higher incidence
rate of neurodevelopmental disorders such as learning
disabilities,17,21 and males also are more likely to sustain
TBI in childhood.22 Another potential mechanism may
be sexual dimorphism in brain organization. Imaging
studies have demonstrated that the brains of males are
more lateralized than the brains of females.23,24 This dif-
ference in lateralization is believed to be an important
factor in females having a better prognosis for recovery
from aphasia after a left hemisphere cerebral vascular
accident.25,26 More studies are definitely needed to ex-
amine whether males are similarly more vulnerable to
developing a psychosis after TBI.

Other factors including left-handedness, education,
posttraumatic IQ, or abuse of substances that may in-
duce a psychosis did not appear to be risk factors in our
sample, since there were no differences between the two
groups. The proportions of subjects with seizure disor-
der in both groups were very similar to overall base
rates in the population. The low incidence of seizure
disorder in our psychosis sample is surprising, given
reports of much higher incidence rates in other stud-
ies.18,27

Although the data support our hypothesis that prior
neurological condition is a risk factor for developing a
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psychosis secondary to TBI, there may be alternative ex-
planations. Smeltzer et al.28 argue that those who are
biologically predisposed to developing a psychosis may
also be predisposed to sustaining a brain injury. For in-
stance, persons with schizophrenia have been found to
have a higher incidence of brain injury than the general
population.1,29

In our sample, we controlled for family history of
mental illness. However, there may be unknown genetic
or acquired risk factors other than schizophrenia that
predispose an individual to both TBI and psychosis sec-
ondary to TBI. For example, presence of the apolipopro-
tein E E4 allele has been found to be a risk factor for
both Alzheimer’s dementia and psychotic symptoms in
Alzheimer’s patients.30,31

Another possibility is that the initial TBI is not a risk
factor for developing a psychosis after a second TBI. In-
stead, the initial TBI may place an individual at risk for
sustaining a delayed-onset psychosis, such as schizo-
phrenia, or for subsequent brain injuries independent of
the psychosis.32 The development of psychosis may be
a delayed sequela of the pathophysiological changes re-
sulting from either the earlier or the later TBI.14 In the
latter case, the initial injury may contribute only indi-
rectly to the processes of developing a psychosis.

Given our results concerning a prior neurological con-
dition, particularly with onset in childhood as a risk fac-
tor for psychosis secondary to TBI, what are some pos-
sible mechanisms for developing this condition? We
propose two possible models of development based on
conceptualizations of two other severe disorders of
brain dysfunction: schizophrenia and dementia.
Schizophrenia is currently conceptualized as a neuro-

developmental disorder that may be caused by genetic
factors combined with prenatal insult to the central ner-
vous system (CNS).33,34 Despite early brain abnormali-
ties and possible soft neurological signs, the onset of
positive symptoms is generally delayed, manifesting it-
self in adolescence or early adulthood. It is believed that
some type of cerebral maturation (such as neuroendo-
crine changes, synaptic pruning, or neuronal myelini-
zation), or processes of cell death (such as apoptosis or
necrosis) are necessary for the effects of the lesion to
become manifest.33,35

In a significant majority of our sample, the onset of a
prior neurological condition occurred congenitally or in
childhood, whereas the TBI associated with the onset of
psychosis occurred in young adulthood. The presence
of an early CNS insult may result in pathophysiological
processes in the brain that can interact with neurologic
insults to the brain, possibly from TBI, to cause a psy-
chosis. The latter injury may precipitate or propagate

disease processes from earlier TBI or other neurological
conditions.

There is some evidence to support this model. Trau-
matic brain injury can result in cell death, damage to
white matter, and neuroendocrine changes—processes
that may mimic or interact with proposed maturational
changes that trigger psychotic illness in schizophren-
ics.1,15,36

In addition, studies have reported a relatively high
rate of early TBI in schizophrenic populations. For ex-
ample, in one retrospective study schizophrenic subjects
had a significantly greater incidence of head trauma be-
fore the age of 10 than bipolar, depressive, and control
subjects.29 The authors’ interpretation was that TBI may
lower the threshold for psychosis in some people. In
another study examining obstetric complications and
early brain injuries in schizophrenic patients, 61.5% of
the schizophrenic sample reported such events, com-
pared with only 8.3% in the bipolar group.37

Dementia is the other neurological disorder that may
provide insight into the mechanism for secondary psy-
chosis. The Satz theory of cognitive reserve38 addresses
the acquisition of dementia. According to Satz, individ-
uals differ in the amount of brain capacity available for
general functioning. This cognitive reserve declines
throughout life, through either the normal aging process
or accumulated insults from disease or external stressors
such as toxins or trauma. Dementia occurs once a certain
threshold of reduced cognitive capacity is reached.
Thus, individuals with prior brain damage of any type
are at higher risk for developing a dementia.

Similar to dementia, psychosis is a neurological syn-
drome resulting in severe cognitive and behavioral im-
pairments. In our sample, subjects experienced a mini-
mum of two neurological conditions, including TBI,
prior to the manifestation of psychosis. Is it possible that
additive effects of CNS insults would predispose an in-
dividual to developing a psychosis? Although there is
no direct evidence for this hypothesis, studies have
demonstrated an increase in the incidence of neurobe-
havioral and emotional symptoms with repeated brain
injury.32

Regardless of the model being used, it is believed that
TBI contributes to the development of a psychosis by
damaging frontal and temporal structures. These areas
are highly vulnerable to lesions in TBI because of the
surrounding bony structures. Converging evidence
from studies examining both open and closed head in-
jury indicates there is damage to temporal and frontal
lobes in a preponderance of TBI patients who develop
a psychosis.1,3,5,7,27,36 Interestingly, both temporal and
frontal areas have been implicated in schizophrenia.8–11
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Despite interesting findings, our study has several
limitations. First, the sample size is small, which would
affect the power and generalizability of our findings.
Second, the study is based on retrospective chart review
and may be subject to biases in data collection. Third,
our initial pool of subjects came from referrals for neu-
ropsychological testing. Thus, our findings may be lim-
ited to a specialized subsample of patients who dem-
onstrate cognitive deficits on such testing. Similarly,
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