Traumatic brain injury (TBI) may cause psychiat-
ric illness. This article reviews the evidence on the
basis of an established set of causation criteria.
The evidence is convincing for a strong associa-
tion between TBI and mood and anxiety disor-
ders. Substance abuse and schizophrenia are not
strongly associated with TBI, and there is little re-
search into the rates of personality disorders after
TBI. Evidence for a biologic gradient is lacking,
but such a gradient may not be relevant to TBI.
Evidence for the correct temporal sequence is pres-
ent. Preliminary evidence suggests a biologic ra-
tionale for TBI causing psychiatric illness. Fur-
ther and methodologically improved research is
supported and required.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2000; 12:316-327)
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raumatic brain injury (TBI) has long been known to

be associated with changes in mood, personality,
and behavior."*? The existing research has also contrib-
uted to the hypothesis that factors related directly to the
TBI may be causative of these changes. However, this
research, for the most part, relied on dimensional rating
of symptoms and did not include an assessment of the
presence or absence of psychiatric disorders. The data
generated by this research do, however, suggest that
psychiatric disorders may be present at increased rates
after TBI. TBI is considered by some to be a risk factor
for psychiatric disorders.?*?!

The establishment of a causative relationship between
TBI and psychiatric disorders is important in terms of
our understanding of these possible sequelae of TBI, and
it will also help us in our understanding of the patho-
genesis of these illnesses more generally. If it is shown
that TBI causes psychiatric morbidity, this should alert
clinicians to observe for, or to attempt to prevent, these
outcomes. Such a finding of causation will also have a
role in litigation related to outcomes after TBI; rather
than finding, as is sometimes the case, that an individ-
ual’s post-TBI difficulties are secondary to psychiatric
disorder rather than being due to TBI, it would be ap-
propriate to label the person’s difficulties as being sec-
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ondary to psychiatric disorder that in turn is secondary
to TBI. Clearly establishing a causative role for TBI in
producing psychiatric disorders is important from clini-
cal, scientific, and legal perspectives.

Establishing an argument for causation of medical ill-
ness is often very difficult because the putative causative
factor may be difficult to assess or may be confounded
by the presence of other concurrent and potentially
causative factors. This is certainly the case for TBI, in
which the insult to the brain may be difficult to detect
and may be accompanied by a host of other factors such
as pain, losses, and hopelessness. It was not that long
ago, however, that we also wondered about a causative
relationship between newly discovered microscopic or-
ganisms grown in petri dishes and devastating epidem-
ics of infectious diseases. This analogy is perhaps fitting,
since clearly TBI may cause injury to the brain at the
microscopic level and has been described as occurring
at epidemic proportions.

How do we establish an argument for causation? Sir
Bradford Hill** proposed criteria for causation that in-
clude 1) consistently demonstrating an association be-
tween the causative agent and the purported outcome;
2) demonstrating a biologic gradient (i.e., that more of
the causative agent causes more of the outcome); 3)
demonstrating an appropriate temporal sequence (i.e.,
that the causative agent comes first in time); 4) provid-
ing a biologic rationale; 5) using analogous evidence
(which is soft evidence in the sense that the pathophys-
iology of TBI is very different from that of any other
neurological disorder); 6) finding experimental evidence
(which, although the most compelling evidence for cau-
sation, will not be available for TBI because clearly it is
unethical to experimentally induce a TBI in humans,
and animal models of psychiatric illness are very lim-
ited); and 7) finding evidence of specificity of causation
(this criterion has since been deemphasized, because
even in infectious diseases, it is clear that a single or-
ganism may produce a number of diseases and some
diseases may be produced by a number of infectious
agents).

In this article we review the evidence available to sup-
port the hypothesis that TBI may cause some psychiatric
disorders, using the most relevant of Hill's* proposed cri-
teria (criteria 1-4). Using these criteria is helpful because
they 1) are widely accepted and applied throughout med-
icine, 2) increase rigor in establishing causation through
the structure they provide, 3) facilitate teaching of im-
portant lessons about the role of the brain in producing
psychiatric disorders (e.g., absence of a biologic gradient
would suggest hypotheses related to brain function that
might explain this finding), and 4) suggest research ap-
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proaches (e.g., the need to establish a temporal sequence
speaks to the need for prospective studies).

The Diagnostic and Statistical Manual of Mental Disor-
ders® was developed to provide a widely accepted, sys-
tematic, and reliable diagnostic scheme for psychiatric
disorders. Currently the DSM-IV* is used in psychiatry
in North America, and the DSM or the International Clas-
sification of Diseases (ICD) is used elsewhere. Here we
will emphasize research using the DSM or ICD diag-
nostic schema. The literature search was conducted in
MEDLINE and included specific psychiatric disorders
and “brain injury.” The review focuses on psychiatric
disorders of most relevance to adults and on research
done on adult populations. Focusing on disorders of
childhood (e.g., attention-deficit/hyperactivity disor-
der) is of course highly relevant but is beyond the scope
of this review. Including research involving exclusively
children or adolescents is also inappropriate for this re-
view because the developing brain may well differ in its
response to injury in comparison to the adult brain. Sim-
ilarly, disorders generally associated with elderly pop-
ulations (e.g., dementia) also are not included in this
review. MEDLINE searches of a number of neurotrans-
mitters (associated with psychiatric illness) and TBI
were also completed. To search for biologic mechanisms,
existing reviews into the pathological changes accom-
panying TBI were reviewed.

We initially summarize some of the main methodo-
logical limitations of the existing data. Each major psy-
chiatric disorder for which there is some evidence is
then reviewed in terms of the strength of the association,
temporal sequence, and biologic gradient. This evidence
is tabulated for each disorder. The coding system is sum-
marized in Table 1 and the findings are presented in
Table 2. The prevalence data are then totaled (the limi-
tations of this approach, given some of the methodolog-
ical limitations discussed below, are acknowledged),
and, as per the approach of Hibbard et al.* are con-
trasted with lifetime community prevalence data taken
primarily from the Epidemiologic Catchment Area Sur-
vey.?® At the close of the discussion on each disorder, we
review the evidence for biologic mechanisms through
which TBI (or associated phenomena occurring at the
time of, or as a result of, the TBI) may cause the specific
disorder. For each disorder, we review the existing re-
views as well as some original data from studies of these
disorders in TBI. A section more generally discussing
possible biologic mechanisms (derived from research
into the neuronal and biochemical alterations caused by
TBI) follows. We conclude with a brief discussion of fu-
ture research needs.
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METHODOLOGICAL LIMITATIONS OF THE
EXISTING DATA

A quick glance at Table 2 will reveal many of the meth-
odological limitations of the existing data. Many of the
studies are naturalistic in nature and do not include a
control group. Blindness cannot be ensured in this type
of study, and researcher bias may affect data collection,
analytical approach, and interpretation of the results. Se-
lection biases may operate at many levels; for example,
individuals who can be found, or who agree to the
study, may be different from those who are not found
or who refuse.

Many of the studies do not report the number of sub-
jects with whom contact was attempted, nor the refusal
rate. Their apparent admission N and their final N are
hence, of necessity, reported as being equivalent in Table
2. Corrigan et al.” demonstrated that a psychiatric dis-
order may contribute to loss of subjects at follow-up;
specifically, they found that a history of alcohol abuse
and the alcohol blood level at the time of the TBI were
both strongly associated with loss to follow-up status
one year after TBI. It is conceivable that the presence of
other psychiatric disorders may also affect recruitment
rates for outcome studies after TBI.

Summarizing the data is made difficult by the multi-
tude of recruitment strategies and sources. Diagnostic
criteria for TBI, and for the severity of TBI, varied widely
(data not tabulated). Some of the research is further
compromised by unstructured outcome assessment or a
brief follow-up period. Where structured assessments
were used, the difficulty comes from the myriad of in-
struments selected. Even the DSM diagnoses may be in-
valid in TBI populations®® because TBI may conceivably
mimic (as with concentration difficulties) or mask (e.g.,
frontal system damage producing expressive aprosody
that may reduce the expression of sadness) psychiatric
symptoms. Some of the research also did not assess for
premorbid psychiatric status, thus limiting the assess-
ment of temporal sequence, and some did not assess for
a biologic gradient.

The validity of retrospective assessments of pre-TBI
psychiatric histories has not been established. It is of
course possible that either cognitive factors secondary
to TBI or psychological factors related to the trauma of
the event, or to the multiple ways that a TBI and asso-
ciated injuries can affect an individual, may affect the
recall of pre-TBI psychiatric histories.

The research into potential biologic mechanisms is
limited by the number of variables assessed. It is always
possible that the main etiologic factor was not well as-
sessed or that an apparently causative agent is simply a
marker for the true causative agent (i.e., that confound-
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ing may occur). Associations may also be missed be-
cause of a lack of power in some of the smaller studies.
Finally, it should be noted that many of the findings
related to biochemical alterations after TBI are derived
from animal models of TBI, and as such may not accu-
rately represent changes in humans.

STUDIES OF PSYCHIATRIC DISORDERS AND
TRAUMATIC BRAIN INJURY

Major Depression
Ten studies assessing the prevalence of major depression
(MD) following TBI were found.”?*** The study by
Jorge et al.** appears to have reported on a sample pre-
viously reported, and hence the data from this study are
not included in the total. The study by Max et al.’! in-
cluded only children and adolescents and is therefore
also excluded from the total. It is included in the table
to highlight to the reader that data informing us about
MD in this population are available. (Additional impor-
tant references are summarized by Max et al.*') MD was
found to have occurred in 289 of 653 subjects (44.3%)
over a period of less than 7.5 years following TBI. This
contrasts with the general community population, in
which the lifetime prevalence is 5.9%.%° Hence, TBI in-
creases the risk of MD by a relative risk of at least 44.3 /
5.9=7.5. Clearly TBI significantly increases the risk of
developing MD, and this result was fairly consistent
across studies. The data regarding a biologic gradient
are mixed, with some studies reporting evidence for
such a gradient, others reporting that no gradient exists,
and one suggesting that less severe TBI is associated
with MD. The data related to the temporal sequence of
MD in association with TBI were also mixed, with some
studies strongly suggesting that MD follows TBI and
others reporting that some of the sample had experi-
enced MD prior to the TBI. None of the studies reported
that MD consistently predated the TBL

Alexander™ felt that MD may be “a reaction to failure
at normal activities in the absence of any obvious neu-
rological dysfunction” (p. 229) or that it may emerge out
of postconcussion syndrome (PCS). Silver et al.*! review
pre-DSM data that showed that depression was not re-
lated to severity of TBI but was associated with neuro-
psychological impairment and right hemisphere dam-
age due to penetrating injuries. Robinson and Jorge®
review their research® and conclude that premorbid
psychiatric disorder and social impairments may con-
tribute to MD following TBI. They also note that left
dorsolateral frontal and left basal ganglia lesions are
strongly associated with early MD and suggest that
these sites may be important in eliciting biochemical re-
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sponses that lead to depression. Finally, they note that
MD is “not simply a psychological response to the se-
verity of physical or intellectual impairment”®® (p. 237)
but that impaired social functioning does seem to play
a contributory role. Fann® feels that the evidence sup-
ports a correlation between lesion location and emer-
gence of psychiatric illness after TBI, but that the evi-
dence does not support a biologic gradient. Rosenthal
et al.”® note that noradrenergic and serotonergic projec-
tions from the brainstem enter the cortex by way of the
frontal pole, and since this is a common site of contusion
during TBI, they hypothesize that even “a small lesion
in this area could potentially disrupt widespread corti-
cal aminergic function”?® (p. 95). However, they feel that
in general our knowledge about neurobiologic corre-
lates of depression following TBI is limited and hence
few conclusions can be drawn. Similarly, they conclude
that there “are at present no experimental studies ex-
amining comprehensive psychosocial models and their
proposed causal mechanisms of depression after TBI”
(p. 95), while noting some of the retrospective data re-
viewed above by Robinson and Jorge.*® Finally, they
note that the severity of depressive symptoms increases
with the time since injury and with the degree of neu-
ropsychological dysfunction.

Fann et al.*® found that the group of subjects with both
depression and anxiety perceived themselves as being
more ill, and functioning more poorly, than did the non-
depressed anxious group. It is unclear whether depres-
sion with anxiety led to these altered perceptions of ill-
ness, or vice versa. The depressed and anxious group
also had more symptoms of PCS. Deb et al.*’ performed
a logistic regression analysis with presence of any psy-
chiatric disorder as the dependent variable; younger
age, poorer TBI outcome (as measured by the Glasgow
Outcome Scale), pre-TBI alcohol and psychiatric histo-
ries, lower Mini-Mental State Examination score, and
lower number of years of education all entered the
model. Jorge et al.* found that the depressed group did
not differ from the nondepressed group in terms of ac-
tivities of daily living, cognitive functioning, or social
functioning, nor did they differ in terms of their social
supports. Logistic regression showed that depression
was associated with left anterior CT scan lesions. Bowen
et al.* found that only pre-TBI occupational status was
associated with MD; 60% of those not working before
their TBI became depressed, versus 33% of those who
were working. Van Reekum et al*? found trend-level
evidence of gender differences; 7 of 10 women, versus 2
of 8 men (P=0.06), became depressed post-TBI. Persin-
ger’® analyzed MMPI data that suggested that “phasic
or intermittent elevations of activity within limbic struc-
tures could be the primary etiology of depression”*
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(p. 1286) post-TBI. Saran*' found that only 1 of 10 pa-
tients with melancholic depression after TBI had an ab-
normal dexamethasone suppression test, versus 91% of
patients with primary melancholic depression, suggest-
ing that melancholic depression post-TBI is not associ-
ated with hypothalamic-pituitary-adrenal axis dysfunc-
tion.

Bipolar Affective Disorder

Six studies have reported on 374 subjects after TB
33742 however, one of the studies*? was strongly af-
fected by a selection bias (referrals to the study being
dependent on the presence of psychiatric symptoms), so
the data from this study (N=20) are not included. Bi-
polar affective disorder (BAD) occurred in 15 of the re-
maining 354 subjects (4.2%) over a maximum of 7.5
years of follow-up, and this contrasts with the general
community lifetime prevalence rate of 0.8%.?° Hence the
relative risk, as with MD, is large, at an estimated 4.2/
0.8=>5.3. Data regarding a biologic gradient is mixed,
but the evidence for a temporal sequence, when as-
sessed, was consistently positive.

Shukla et al.** found that seizures were frequent, oc-
curring in 50% of subjects, in their sample of 20 subjects
who developed mania after closed TBI. Further evidence
for a seizure hypothesis for secondary mania came from
Pope et al.,** who noted a preferential response to val-
proate, versus lithium, in BAD after TBI. Starkstein et
al.** found that 9 of 11 patients who developed manic
syndromes after brain injury had right hemisphere in-
volvement, and 8 of 11 had lesions involving the limbic
system. Mean values for bifrontal and third-ventricle /
brain ratios of the manic subjects were greater than those
of nonmanic matched subjects. Five manic subjects had
a family history of mood disorder. These data suggested
that “the confluence of either anterior subcortical atro-
phy and a focal lesion of a limbic or limbic-connected
region of the right hemisphere, or genetic loading and
a limbic-connected right hemisphere lesion”** (p. 1069)
may account for mania after TBL Jorge et al.** found that
mania after TBI was associated with temporal basal po-
lar lesions and was not associated with severity of TBI,
degree of physical or cognitive impairment, level of so-
cial functioning, or personal or family history of psy-
chiatric disorder. van Reekum et al.** found evidence of
gender differences, with 1 of 10 females, versus 4 of 8
males (P=0.06), developing BAD or cyclothymia post-
TBL

1;25,327

Generalized Anxiety Disorder

Five studies™?”**?* have reported on the prevalence of
generalized anxiety disorder (GAD) after TBL In these
studies, 36 of 398 subjects had GAD (9.1%) over a max-
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imum of 7.5 years, leading to a relative risk of 9.1/
4.0% =2.3. Evidence for a temporal sequence was con-
sistently positive, whereas that for a biologic gradient
was mixed. Two studies reported evidence consistent
with an absence of a biologic gradient; one was positive
for a biologic gradient; and one suggested an inverse
gradient exists.

Epstein and Ursano® review the sparse literature re-
lated to anxiety disorders (in general) after TBI and con-
clude that “the interrelationships between anxiety and
TBI are multifactorial, and the effect of specific tissue
damage upon the nature of the symptomatology re-
mains uncertain”* (p. 306).

Obsessive-Compulsive Disorder

Three studies have reported on 282 subjects.”>***? Eigh-
teen (6.4%) had obsessive-compulsive disorder (OCD)
over a maximum of 7.5 years of follow-up, leading to
an estimated relative risk of 6.4 /2.5% =2.6. Evidence for
both a biologic gradient and temporal sequence was
mixed.

Kant et al.* reviewed the available literature, along
with data they derived from 4 cases of OCD following
mild TBI. While noting that the evidence showed incon-
sistencies, they concluded that the weight of the evi-
dence nonetheless indicated a possible causative role for
frontal system impairment.

Panic Disorder

Three studies™?°?* have found rates of panic disorder
averaging 9.2% (26 /282) over a maximum of 7.5 years,
yielding an estimated relative risk of 9.2 /1.6°=5.8. Evi-
dence for a biologic gradient was mixed, but was more
consistently positive for a temporal sequence. There are
no available data to support pathophysiologic hypoth-
eses in panic disorder after TBL

Posttraumatic Stress Disorder
Six studies of 441 subjects®*"! revealed a rate of 62/
441 (14.1%) over a maximum period of 7.5 years for
posttraumatic stress disorder (PTSD), yielding an esti-
mated relative risk of 14.1/8.0°*=1.8. Evidence for a bi-
ologic gradient was not provided in most studies; in
those in which data are reported, the results were either
negative or showed an inverse relationship between se-
verity of TBI and rate of PTSD. Evidence for a temporal
association was also rarely given. One study suggested
that a temporal association does exist.

Mayou et al.”® found that PTSD is “not associated with
a neurotic predisposition” but is “strongly associated
with horrific memories of the accident” (p. 647). PTSD
did not occur, in their sample, in subjects who lost con-
sciousness during the TBI or who were amnestic for the
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event. Similarly, Warden et al.*® found that while 6 of 47
veterans (13%) who had suffered a moderate TBI and
who were amnestic for the event developed avoidance
and arousal criteria of PTSD, none developed the full
syndrome, and none met the criteria of reexperiencing
the event. Sbordone and Liter™ found that although
PTSD patients, after a motor vehicle accident (MVA), a
fall, or a blunt trauma, could fully recall the event, PCS
patients could not. Ohry et al.* found that women were
predisposed to develop PTSD: 6 of 10 women, versus 2
of 14 men, developed PTSD following TBI. King>* re-
ported a single case of a patient who suffered 2.5 days
of posttraumatic amnesia after an MVA. Only a single
“island” of memory was preserved, and that for a period
immediately after the MVA when the patient was on the
ground after having been thrown from the vehicle.
Reexperiencing of this island of memory was felt to pos-
sibly contribute to the development of PTSD in this pa-
tient. Bryant and Harvey* found that PTSD occurred in
82% of mild-TBI patients who had experienced acute
stress disorder earlier (<1 month postinjury), but in only
11% of those who did not suffer acute stress disorder.

Schizophrenia
Schizophrenia (SCZ) appeared to be relatively uncom-
mon in the four studies reporting data.***"***” When we
excluded the study of children and adolescents by Max
et al.,”" the resulting rate was 0.7% (2/302) over a max-
imum of 4.9 years of follow-up. This yields a relative
risk of 0.7/1.5*=0.5. Clearly these low numbers limit
an assessment of the biologic gradient; however, the
data did suggest that one may exist, since the cases were
restricted to those with severe TBI (for those cases in
which severity was reported). The evidence for a tem-
poral sequence was mixed. Wilcox and Nasrallah™ per-
formed a case-control study of SCZ and found that
“head trauma” before age 10 years was more common
in hospitalized SCZ subjects (22 /200) than in those with
BAD (6 /122, P=0.06) or depression (3 /203, P=0.0001)
or in surgical control subjects (1/134, P=0.0001).
Smeltzer et al.>® reviewed the evidence related to an-
atomical localization of brain injury and relationship to
psychosis. They found the evidence to be sparse, se-
verely flawed, and inconsistent. O’Callaghan et al.”’ re-
ported on a patient with early-onset SCZ (age 16 years)
who had sustained a blow to the left frontal-parietal re-
gion at age 14. A problem with this study, at least from
the standpoint of localization, was the finding of gen-
eralized atrophy on CT scan. Buckley et al.>® reported
on 3 patients with a history of cerebral trauma (loss of
consciousness greater than 4 hours) and SCZ, and com-
pared them with 2 patients with schizoaffective disorder
and cerebral trauma. MRI scanning showed evidence of
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left temporal lobe abnormalities in all of the SCZ pa-
tients and in neither of the schizoaffective patients.

Substance Abuse

Substance abuse (SA) or dependence was common, at
13.0% (43/332), in the four reporting studies??*3233
over a maximum follow-up period of 7.5 years. How-
ever, this rate is lower than that reported for the general
community, with data suggesting a lifetime prevalence
of substance abuse of 16.7%.?° The data from Deb et al.*’
may have skewed this estimate, as they are reporting on
substance dependence rather than substance abuse. De-
leting their data yields a rate of 37/168=22.0%, and a
relative risk of 22.0/16.7=1.3. Evidence for a biologic
gradient, and for a temporal sequence, was mixed.
There are no available data to support pathophysiologic
hypotheses in substance abuse disorder after TBL

Personality Disorders

Only one study has reported on DSM personality dis-
orders, with avoidant, borderline, and narcissistic per-
sonality disorders being the most common.* The num-
bers, however, are very low. Evidence for a biologic
gradient was mixed, and the temporal sequence was not
assessed. A categorical approach to the diagnosis of ap-
athy” is also reported on; this personality syndrome ap-
pears to be common after TBI and is associated with a
biologic gradient. However, apathy is not recognized in
the DSM series. The temporal sequence was not re-
ported on in the study of apathy. Of note was the finding
that apathy was found concurrently with MD in 50 of
59 cases. A full discussion of neurobiological issues re-
lated to personality change is beyond the scope of this
paper, but frontal system involvement is frequently im-
plicated.®*-

BIOLOGICAL MECHANISMS

Although pathophysiologic considerations related to
each of the psychiatric disorders are discussed above,
much can also be inferred from consideration of the
pathophysiologic changes observed after TBI in general.
Hume et al.®® note that diffuse axonal injury post-TBI is
usually observed in the corpus callosum and in the
brainstem. Levin et al.** found that 17 of 20 subjects ad-
mitted for mild to moderate TBI had lesions on MRI,
primarily involving the frontal and temporal regions.
Alavi® reviewed PET data that showed whole brain glu-
cose hypometabolism post-TBI that correlated with the
Glasgow Coma Scale score. Frontal region hypometa-
bolism was also reported by Alavi.

Silver et al.®® note that TBI may cause contusional in-
juries affecting brain regions involved in the mediation

J Neuropsychiatry Clin Neurosci 12:3, Summer 2000

VAN REEKUM et al.

of mood, especially “along the temporal lobes and frontal
cortex” (p. 13), as well as diffuse axonal injury—which,
in addition to disrupting neuronal circuits directly, may
also disrupt neurotransmitter systems such as norepi-
nephrine, serotonin, dopamine, and acetylcholine. Pre-
liminary data that support the possibility of changes to
these neurotransmitter systems were reviewed. Hypoxia
may lead to free radical and excitotoxic neurotransmitter
release, which cause further neuronal damage to these
systems. Silver and Yudofsky®” note that several studies
have reported neurochemical changes post-TBI, with in-
dications that norepinephrine, serotonin, dopamine, and
acetylcholine “are dramatically affected by TBI’® (p.
637). Cholinergic deficits were shown to be associated
with behavioral changes in moderately fluid-concussed
rats.®® More recently Tanaka et al.*’ found acute (i.e., at
25 seconds) increases in acetylcholine in concussed mice,
as well as decreased norepinephrine, in the absence of
changes to dopamine and serotonin. Tang et al.”’ dem-
onstrated that increased dopamine after mild TBI is as-
sociated with memory deficits in mice. Cerebrospinal
fluid levels of substance P and serotonin were lower, and
the levels of lipid peroxidation products were higher, in
patients who had suffered a recent TBI versus healthy
subjects having minor surgical procedures.” The CSF
changes did not correlate with the Glasgow Coma Scale
score. In another study, increased serotonin levels in the
extracellular fluid were also observed 10 minutes after
brain trauma in rats.”” Increases in y-aminobutyric acid
have also been found, particularly in the dentate gyrus
of brain-injured rats.”

Some of the changes to neurotransmitter systems may
occur weeks after the initial TBL. Ciallella et al.”* found
that there were no changes in vesicular acetylcholine
transporter protein or in M, receptors at 1 day and 1
week post-TBI in rats. At 2 and 4 weeks, however, a
40%-50% increase in vesicular acetylcholine transporter
protein and a 25%-30% decrease in M, receptors were
observed. These changes particularly involved the hip-
pocampus. These changes may have occurred in re-
sponse to chronically lowered acetylcholine neurotrans-
mission, which has also recently been demonstrated
after TBI in rats.””

DISCUSSION

There are now a number of studies examining the issues
related to DSM- or ICD-based psychiatric disorders after
TBI. Although these studies have methodological limi-
tations as discussed above, there is a strong and growing
body of evidence to support the hypothesis that TBI fre-
quently causes some, but not all, psychiatric disorders

323



TRAUMATIC BRAIN INJURY

in those who have suffered a TBI. There is compelling
evidence of causation for major depression, bipolar affective
disorder, and the anxiety disorders after TBI. The evidence
for psychosis and substance abuse suggests that TBI im-
poses either no increased risk or a very minor increased
risk of these disorders. In the case of schizophrenia, the
available research suggests that TBI may actually be pro-
tective for the disorder. However, psychosis is both a
rare event and one that may be hard to detect, since
many of these persons may have been receiving care in
the psychiatric system, may be hard to find for other
reasons, or may refuse to participate. These difficulties,
in combination with the relatively small sample size cur-
rently available, suggests that this may be an inaccurate
finding. Selection biases may also have limited the eval-
uation of risk associated with developing substance
abuse disorders. There is very little research into the per-
sonality disorders, but the sparse research that does ex-
ist suggests that some of the personality disorders may
also occur at high rates after TBIL.

These results strongly support the need for a thor-
ough and reliable assessment of mood, anxiety, and per-
sonality disorders in all persons who have suffered a
TBI. Psychiatric illness, even in the absence of TBI, can
cause impairment and disability contributing to handi-
cap. Given the impact on functioning, and on subjective
well-being, that these diagnoses can cause, there is a
need to further study the impact of treatment of psy-
chiatric disorders in the TBI population. Although we
did not examine treatment in this article, few publica-
tions exist that address, with rigorous methodology,
treatment issues of these disorders after TBI.

In terms of the prevalence of psychiatric disorders,
major depression was the most common, at approxi-
mately 44% across all available studies. Bipolar illness
was much less frequent, at approximately 4%. The anxi-
ety disorders were common, ranging from approxi-
mately 6.5% for OCD to a high of approximately 14%
for PTSD. Substance abuse was also fairly common, at
22%, while psychosis was uncommon at less than 1%.
Little research was available that contrasted these rates
with a control population. Estimate of the relative risk
(RR) of psychiatric disorders, based on comparisons
with community rates, is potentially problematic. Use of
these data, however, generated estimates of relative risk
as follows. The highest relative risk was for major de-
pression, with an RR of 7.5. Bipolar disorder also had a
high RR of 5.3. The RRs for the anxiety disorders clus-
tered around an approximate figure of 2.0, with the ex-
ception of panic disorder with an RR of 5.8. The RRs for
schizophrenia and substance abuse were close to or less
than 1.0, suggesting either no, or a minor, increased risk
for these disorders.
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As discussed previously, the most rigorous data dem-
onstrating an association between TBI and psychiatric
disorders will derive from properly controlled studies.
We found only three controlled studies. The study by
Max et al.3' involved only children and adolescents, and
that of van Reekum.** studied a control group with
known psychiatric pathology (these data were derived
from a larger study of borderline personality disorder).
Hence, only the study by Varney et al.*” provided well-
controlled data in adults. They found an RR of 2.0 for
MD. RRs for schizophrenia and bipolar affective disor-
der could not be calculated because no cases were found
in the back-injured control population. Hence, the data
of Varney et al. are generally supportive of the natural-
istic studies, but the data related to MD suggest that
relative risk estimates generated by comparison with the
community may inflate the relative risk versus that gen-
erated by comparison with other injured populations.
Demonstration of an association between the disorders
with high RR and TBI meets the main criteria for cau-
sation but does not in and of itself establish causation.

Sir Bradford Hill’s** remaining criteria are now dis-
cussed. The evidence for a biologic gradient, in which in-
creased severity of the TBI is associated with increased
risk of psychiatric disorders, was mixed for all disorders
with the exception of PTSD, for which there was com-
pelling evidence of an inverse gradient (i.e., increased
risk of PTSD with milder TBI). This would seem to
weaken the argument for causation based on this crite-
rion. As discussed above, though, it is possible that even
small or minor injury occurring in critical areas of the
brain may disrupt widespread neuronal systems and /
or have dramatic effects on neurotransmitter systems.
Further, it may be that our approach to assessing the
severity of TBI (at present based largely on measures of
the initial severity of the TBI, such as depth and duration
of coma) may be fundamentally limited. It may also be
that more severe TBI is protective for some psychiatric
disorders via other mechanisms, such as reduced insight
or other direct effects on brain systems involved in the
production of these disorders. Hence the absence of a
biologic gradient does not lessen the argument for cau-
sation. Indeed, the apparent lack of a biologic gradient
for psychiatric disorders post-TBI is in and of itself an
important clinical finding. If true, this finding implies
that all individuals, regardless of the initial severity of
the TBI, may be at risk of developing many of the psy-
chiatric disorders reviewed herein. As regards the spe-
cial case of PTSD, the finding of an apparent inverse
relationship, as well as some of the evidence reviewed
previously, strongly suggests that recalling the event is
crucial for development of the full disorder. However,
there is also evidence that TBI, regardless of severity,

J Neuropsychiatry Clin Neurosci 12:3, Summer 2000



may increase the risk of developing PTSD symptoms by
contributing to the production of increased arousal and
avoidance behaviors.

In terms of the temporal sequence, it is clear from the
data that some psychiatric disorders were present in
some patients prior to the TBL. However, it is also clear
that many more subjects had apparent onset of their dis-
orders after the TBI. Furthermore, there was no consis-
tent demonstration that pre-TBI psychiatric illness was
a strong risk factor for post-TBI psychiatric illness. For
the most part the temporal sequence criterion is being
satisfied, although some of the available data suggest
that pre-TBI psychiatric status may also be a risk factor
for some post-TBI psychiatric disorders. What is also
clear from the research, however, is that some of the
psychiatric illnesses may have their onset months to
years after the TBI, and this may seem to lower the evi-
dence for causation. Some of the neurotransmitter re-
search reviewed above suggests at least one possible
mechanism in this regard, since it is increasingly clear
that biochemical changes to the brain may occur at some
period of time after the TBL

In terms of biologic plausibility, there has been consid-
erable research related to the mood disorders after TBI,
but much less so for the other psychiatric disorders.
There certainly appears to be a growing body of evi-
dence related to changes in the brain that are strongly
associated with psychiatric illness, and the research is
suggesting some tantalizing leads into the operative bi-
ologic mechanisms in psychiatric illness after TBL. None-
theless, this is an area that requires a significant expan-
sion of research. Although the data were not reviewed
herein, there is a strong biologic argument that person-
ality disorders can be caused by TBI, but this causation
argument is limited by the small number of prevalence
studies and the absence of data regarding temporal se-
quence or biologic gradient.

Further research into the hypothesis that TBI causes
psychiatric illness is certainly strongly supported by the
existing data and is much needed. Methodological lim-
itations of the existing data need to be addressed in fu-
ture research; however, it is likely that doing so will be
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very difficult. For example, addressing some of the se-
lection biases and loss-to-follow-up issues is challeng-
ing. It is obvious that appropriate control samples are
required, but which group is best and most feasible?
Spinal cord injury controls may be ideal from many
points of view; however, some members of this group
may also have had a TBI during the traumatic event,
and this would carefully need to be assessed. Further-
more, how can one ever be sure, based on retrospective
assessments, of the pre-TBI psychiatric history and pres-
ence of pre-TBI psychiatric risk factors? And yet how
does one feasibly perform a prospective study? A large
study over many years of follow-up of a high-risk (for
TBI) sample would be best, but may be unfeasible. An-
other approach would be to document the pre-TBI his-
tory immediately after the TBI to minimize the risk of
recall biases developing as the individual begins to be-
come more aware of the outcome of the TBI over time.
The challenge here, of course, will be to perform this
assessment in the period when cognitive impairments
are likely to be at their most severe. Family members as
informants will almost certainly be needed. Ensuring
blindness to TBI status at the time of psychiatric out-
come assessment will also be difficult. Assessing TBI se-
verity as related to the biologic gradient criterion is
problematic, especially because small or minor lesions
may have dramatic effects on brain function. Ultimately,
research investigating the function of the brain in asso-
ciation with psychiatric illness is more likely to be fruit-
ful than research relying on crude measures of severity
such as the depth and duration of coma. Finally, it is
obvious that much more research is required into the
biological and psychosocial contributors to psychiatric
illness in these populations. A comprehensive approach
examining multiple probable contributing factors is
needed. The research should be guided by some of the
clues reviewed above and by the research into the patho-
genesis of primary psychiatric illness.

Dr. van Reekum receives support from the Kunin-Lunen-
feld Applied Research Unit of Baycrest Centre and is engaged
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