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Background: Psychiatric illness after traumatic brain
injury (TBI) has been shown to be prevalent in hospi-
talized and tertiary care patient populations.

Objective: To determine the risk of psychiatric illness
after TBI in an adult health maintenance organization
population.

Design: Prospective cohort study.

Setting: Large staff-model health maintenance organi-
zation.

Participants: Nine hundred thirty-nine health plan
members diagnosed as having TBI in 1993 and enrolled
in the prior year, during which no TBI was ascertained.
Three health plan members per TBI-exposed subject were
randomly selected as unexposed comparisons, matched
for age, sex, and reference date.

Main Outcome Measure: Psychiatric illness in the
3 years after the TBI reference date, determined using
computerized records of psychiatric diagnoses accord-
ing to the International Classification of Diseases, Ninth
Revision, Clinical Modification, prescriptions, and ser-
vice utilization.

Results: Prevalence of any psychiatric illness in the first
year was 49% following moderate to severe TBI, 34% fol-
lowing mild TBI, and 18% in the comparison group.
Among subjects without psychiatric illness in the prior
year, the adjusted relative risk for any psychiatric illness
in the 6 months following moderate to severe TBI was
4.0 (95% confidence interval [CI], 2.4-6.8) and follow-
ing mild TBI was 2.8 (95% CI, 2.1-3.7; P�.001) com-
pared with those without TBI. Among subjects with prior
psychiatric illness, the adjusted relative risk for any psy-
chiatric illness in the 6 months following moderate to se-
vere TBI was 2.1 (95% CI, 1.3-3.3) and following mild
TBI was 1.6 (95% CI, 1.2-2.0; P=.005). Prior psychiat-
ric illness significantly modified the relationship be-
tween TBI and subsequent psychiatric illness (P=.04) and
was a significant predictor (P�.001). Persons with mild
TBI and prior psychiatric illness had evidence of persist-
ing psychiatric illness.

Conclusions: Both moderate to severe and mild TBI are
associated with an increased risk of subsequent psychi-
atric illness. Whereas moderate to severe TBI is associ-
ated with a higher initial risk, mild TBI may be associ-
ated with persistent psychiatric illness.
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H IGH RATES OF MOOD, PSY-
chotic, and substance
abuse disorders follow-
ing traumatic brain in-
jury (TBI) have been

found in hospitalized trauma and tertiary
care referral populations.1-5 A population-
based secondary analysis of the New Ha-
ven portion of the National Institute of
Mental Health Epidemiologic Catch-
ment Area Study6 by Silver and col-
leagues examined patients at varying time
points after self-reported “severe head in-
jury that was associated with a loss of con-
sciousness or confusion,”7(p937) making the
TBI exposure susceptible to recall bias. The
study found that adjusted odds ratios
(ORs) for all psychiatric diagnoses ex-

cept bipolar disorder were increased in the
group reporting a history of head injury
compared with the group reporting no his-
tory of head injury. Data on injury sever-
ity and time since injury were not avail-
able. Few data exist on the longitudinal risk
of psychiatric disorders in large, popula-
tion-based ambulatory primary care set-
tings following the entire spectrum of TBI
severity, particularly mild TBI.

Studies have confirmed that disabil-
ity caused by psychiatric disorders may
contribute to the disability associated with
TBI.2,8 Identifying the extent of psychiat-
ric problems following TBI, particularly
mild TBI, may assist in targeting second-
ary and tertiary prevention efforts for TBI-
related disability.
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Psychiatric history has been shown to be a risk fac-
tor for post-TBI psychiatric illness in some but not all
studies.1,9-11 Similarly, the relationship between TBI se-
verity and prevalence of subsequent psychiatric disor-
ders has been inconsistent.2,10-14 The effects of psychiat-
ric history and TBI severity on risk of psychiatric problems
following TBI have not been systematically and longitu-
dinally studied in large TBI and comparison samples.

The goals of this study were to determine the preva-
lence of psychiatric illness following mild as well as mod-
erate to severe TBI in an adult health maintenance orga-
nization (HMO) population, the ORs for prevalent
psychiatric illness and relative risks (RRs) for incident
psychiatric illness following TBI compared with pa-
tients without TBI, and the effect of prior psychiatric ill-
ness on the relationship between TBI and subsequent psy-
chiatric illness.

METHODS

This prospective cohort study was conducted using comput-
erized records from the Group Health Cooperative of Puget
Sound (GHC), a consumer-governed regional HMO that serves
approximately 450000 members in the Puget Sound area of west-
ern Washington State. As a staff-model HMO, it builds and owns
its facilities, and the physicians and other staff are employees
of the health plan. The GHC population is broadly represen-
tative of the greater Seattle population in terms of age, sex, race,
and marital status; GHC enrollees have slightly higher educa-
tional attainment and less representation at the high end of in-
come distribution.15 This study used data obtained in conjunc-
tion with a previously reported case-control study of psychiatric
risk factors for TBI.16 Subjects received medical care from one
of GHC’s facilities, located in 6 counties. Data on health plan
members were derived from GHC’s computerized databases,
which included information on all inpatient and outpatient vis-
its and diagnoses, all prescriptions dispensed from GHC phar-
macies, age, sex, and insurance type (Medicare, Medicaid, GHC
individual or family plan, GHC group plan, or other plan), which
was used as a proxy for socioeconomic status. Each GHC mem-
ber has a unique and permanent number that makes linkage
of all utilization possible; GHC tracks enrollment closely and
has a low rate of member disenrollment (13.1% for 1992 through
1993), which made it possible for us to maintain a stable study
base. Diagnoses in 1992 were recorded on 95% of all visit rec-
ords.15 Only about 7% of GHC members had dual insurance
coverage, so ascertainment of utilization was nearly complete.
The study was approved by the institutional review boards of
GHC and the University of Washington, Seattle.

TBI-EXPOSED GROUP

The TBI-exposed group included patients 15 years or older di-
agnosed at an emergency department, hospital, or outpatient
clinic as having a TBI in 1993. The following diagnostic cat-
egories and codes from the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM)17 were
used to identify TBI: fracture of the vault or base of the skull
(800.0-801.9); other, unqualified, and multiple fractures of the
skull (803.0-804.9); and intracranial injury, including concus-
sion, contusion, laceration, and hemorrhage (850.0-854.1).
These diagnostic categories for TBI were used by the Centers
for Disease Control and Prevention in their TBI surveillance
studies.18 If a person received a TBI diagnosis at more than
1 visit in 1993, the first diagnosis was considered the incident
TBI. The reference date for cases was the date of this incident

TBI diagnosis. Patients with TBI were required to have been
continuously enrolled at GHC for the year prior to their TBI
diagnosis to ensure that records were available to assess indi-
cators of prior psychiatric illness. We included patients from
6 counties in the Puget Sound area that provided complete health
service utilization data. To maximize the likelihood of ascer-
taining incident TBI cases, subjects who had an ICD-9-CM di-
agnosis of TBI in the year prior to their reference date were ex-
cluded from the TBI-exposed group.

Severity of TBI was dichotomized into mild TBI and mod-
erate to severe TBI using the categorization criteria of the Cen-
ters for Disease Control and Prevention.19 The TBI exposure
was considered to be mild if ICD-9-CM codes indicated brief
(�1 hour) or no loss of consciousness and no documented trau-
matic intracranial lesions. The TBI exposure was considered
to be moderate to severe if ICD-9-CM codes indicated pro-
longed loss of consciousness or a documented traumatic in-
tracranial or brain lesion. Persons whose TBI severity was un-
determined were excluded from the study.

TBI-UNEXPOSED COMPARISON GROUP

To compare the effects of recent incident TBI exposure with
no recent TBI exposure, 3 subjects per TBI-exposed patient were
selected at random from GHC enrollment files and were fre-
quency matched with TBI-exposed patients by sex, age in 5-year
groups (15-19 years up to �95 years), and enrollment at the
time of the TBI-exposed patient’s reference date. Similar to the
patients with TBI, TBI-unexposed patients had to be GHC mem-
bers on their assigned reference date as well as continuously
during the year prior to this date and could not have received
a TBI diagnosis during that year.

PSYCHIATRIC ILLNESS INDICATORS

Psychiatric illnesses in the year prior to and 3 years following the
reference date were ascertained using 3 separate indicators: pres-
ence of a psychiatric diagnosis, filling of a prescription for psychi-
atricmedication,orutilizationofpsychiatric services.Presenceof
apsychiatric illnesswasrecordedin6-monthblocks for the3years
followingthereferencedate.Thedenominator foreachperiodwas
the number of subjects who were enrolled at any time during that
period. Therefore, except for those who were disenrolled as a re-
sult of death on the reference date all patients had psychiatric ill-
ness outcome data in the first 6 months after the reference date.

Psychiatric diagnoses were determined using ICD-9-CM
codes and were categorized as follows: acute reaction to stress
or adjustment reaction (308, 309); alcohol or drug intoxica-
tion, withdrawal, or dependence (291.0-292.9, 303.0, 303.9,
304, 305); anxiety (300.0, 300.2, 300.3, 799.2); depression
(296.2, 296.3, 296.82, 296.9, 300.4, 311); hyperkinetic syn-
drome of childhood (314); malaise or fatigue (300.5, 780.7);
organic psychotic mental disorders (290.0-290.9, 293.0-
294.9); organic nonpsychotic mental disorders (310, 780.09);
schizophrenia, hallucinations, or paranoia (295, 297.0-299.9,
780.1); somatoform disorders (300.1, 300.6-300.9, 306, 307.8,
307.89); or other psychiatric disorders (307, 316, V40.2-
V40.9, V62.81, V62.89, V65.9).

Subjects were considered to have filled a psychiatric medi-
cation prescription if automated GHC pharmacy data indi-
cated that a prescription for a psychiatric medication in any of
the following classes was filled in the 3 years after the refer-
ence date: antidepressants, lithium, anxiolytics, antipsychot-
ics, or psychostimulants. Surveys in 1985 and 1986 showed that
more than 90% of all medications prescribed at GHC were filled
in GHC pharmacies, and a study found that 97.6% of patients
treated with antidepressant medications between 1991 and 1992
filled their prescriptions at GHC pharmacies.15 Because anti-
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depressants are commonly used for other conditions, they were
considered to be for a psychiatric indication only if the pre-
scription was filled within 60 days of a depression diagnosis.
Anxiolytics were considered to be for a psychiatric indication
if the prescription was filled within 60 days of an anxiety di-
agnosis. Psychostimulants were excluded if there was a diag-
nosis of narcolepsy in the year prior to the reference date.

Utilization of psychiatric services was ascertained based
on computerized records of inpatient psychiatric hospitaliza-
tions, outpatient mental health clinic visits, and inpatient stays
or outpatient visits for alcohol or drug treatment in the year
before and 3 years after the reference date. Out-of-plan mental
health care use is rare owing to comprehensive mental health
services with small copayments in GHC.

To maximize clinical validity, the psychiatric illness in-
dicators were further divided into the following clinical cat-
egories: (1) affective disorders (depressive or anxiety disorder
diagnosis; antidepressant, lithium, or anxiolytic prescrip-
tion), (2) psychotic disorders (schizophrenia, hallucinations,
or paranoia or organic psychotic disorder diagnosis; antipsy-
chotic prescription), (3) substance abuse disorders (alcohol or
drug intoxication, withdrawal, or dependence diagnosis), (4)
adjustment reaction (acute reaction to stress, adjustment re-
action, malaise, or fatigue), (5) somatoform disorder, (6) or-
ganic nonpsychotic mental disorder, (7) hyperactivity (hyper-
kinetic syndrome of childhood; psychostimulant prescription),
and (8) other psychiatric disorder. An overall summary deter-
mination of psychiatric illness was made based on the pres-
ence of any psychiatric diagnosis, psychiatric medication pre-
scription, or psychiatric utilization during the year before and
3 years after the reference date.

INJURY AND MEDICAL COMORBIDITY

Comorbid injuries associated with incident TBI were deter-
mined using ICD-9-CM codes for fractures (805-829), inter-
nal injuries (860-869), open wounds (870-897), crushing
injuries (925-929), injury to the nerves or spinal cord (950-
957), and other injuries (958-959) during the 6 months be-
fore and 6 months following the reference date.

To adjust for medical comorbidity, we initially consid-
ered the Johns Hopkins Ambulatory Care Group (ACG) Case
Mix Adjustment System,20 a measure of relative health status
designed to be indicative of expected resource consumption.
This system uses age, sex, and ICD-9-CM diagnoses to assign a
person to 1 of 106 mutually exclusive categories.21 Although
adjustment with the ACG system may be considered for con-
tinuous or large-count outcomes, its many categories make it
less useful for dichotomous outcomes. Consistent with the cost-
prediction design goal of the ACG, we used the logarithm of
total costs in the year prior to TBI as a proxy for medical co-
morbidity and compared it with ACG adjustment. With the most
prevalent outcomes, in which ACG adjustment was possible,
logarithm of total costs and ACG adjustment were nearly
interchangeable as adjustments to the effect of TBI, with
logarithm of total costs tending to be a slightly stronger
confounder.

STATISTICAL ANALYSIS

The proportion of subjects with psychiatric illness indicators
within a particular period (p=prevalence) reveals the cumula-
tive effects of exposure regardless of time of onset. Adjusted
exposure effects are estimated with the OR (odds=p/[1-p];
OR=odds [exposed]/odds [unexposed]). Because of the po-
tential for correlation among the psychiatric illness indicators
for each subject, OR estimates were computed using general-
ized estimating equations. Separate regression analyses were

reported for subgroups with and without psychiatric illness in
the prior year. We used SAS version 8 statistical software (SAS
Institute Inc, Cary, NC) for this analysis.

The proportion of subjects whose first psychiatric illness
indicator occurs during a particular period (incidence) shows
the effect of exposure on new cases. The RR expresses inci-
dence among exposed subjects as a proportion of the inci-
dence among unexposed subjects. The RR estimates were com-
puted using complementary log-log generalized linear models
for fixed-interval, interval-censored data.22 Based on the a priori
hypothesis of strong early effects of TBI with decreasing risk
thereafter, we modeled the first 6-month RR separately along
with a linear trend in RR for intervals 2 through 6. Because of
the small number of substance abuse outcomes, the ORs and
RRs for substance abuse are reported for a combination of mild
TBI exposure and moderate to severe TBI exposure. Infer-
ences are based on omnibus tests of any effect of TBI and nested
tests for trends in RR across time. In addition, descriptive tests
and confidence intervals (CIs) for individual periods are re-
ported for comparison of the relative strength of TBI effects across
time. Stata version 7 (Stata Corp, College Station, Tex) and
S-PLUS version 6.1 (Insightful Corporation, Seattle) statisti-
cal software were used for this analysis.

RESULTS

PATIENT AND TBI CHARACTERISTICS

In 1993, 939 GHC members who were enrolled in the
6-county study region were diagnosed as having a TBI.
These members had been enrolled in GHC for at least 1
year prior to their index TBI and had no evidence of a
TBI in that year. Most TBIs were classified as mild (n=803;
85.5%) and were diagnosed in an outpatient setting
(n=410; 43.7%) or in the emergency department (n=388;
41.3%), whereas 141 (15.0%) were diagnosed in the hos-
pital. The overall annual incidence rate of TBI at GHC
among all ages was 475.2 per 100000 person-years.16

Although 531 (57%) of all TBI-exposed subjects and
494 (62%) of mild TBI–exposed individuals were aged
15 to 44 years, 77 (57%) of those with moderate to se-
vere TBI were 65 years or older. There were slightly more
women (51%) than men. The TBI and comparison groups
were similar with regard to insurance type; 74% were
group plan subscribers or dependents, 4% received Medi-
care, and less than 1% received Medicaid. The TBI events
were distributed evenly across months, although there
was a slightly lower proportion in the winter months.

PREVALENCE AND
ORs FOR PSYCHIATRIC ILLNESS

The prevalence of psychiatric illness categories for the
year prior to and the 3 years following the reference date
are shown in Table 1. Participants with TBI generally
had higher rates of psychiatric illness indicators com-
pared with those without TBI. Among subjects with mod-
erate to severe TBI, 49% had evidence of a psychiatric
illness in the year following TBI compared with 34% in
those with mild TBI and 18% in non-TBI comparisons.
The prevalence for subjects with TBI gradually dropped
during subsequent years but usually remained greater than
for the comparison group. Most psychiatric diagnoses were
made by non–mental health professionals, with 48% made
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by family practice physicians (46% of TBI-exposed sub-
jects and 50% of comparisons). During the 3 years, 60
subjects (44%) who had moderate to severe TBI, 183
(23%) who had mild TBI, and 621 (22%) without TBI
were dropouts as a result of death or GHC disenroll-
ment. Death on the reference date accounted for 47%
(n=28) of all dropouts in the moderate to severe TBI group

compared with 8% (n=15) in the mild TBI group and
1% (n=9) in the comparison group.

Table2 summarizes the adjusted OR estimates dur-
ing the 3 years following TBI, stratified by psychiatric ill-
ness in the prior year, for prevalent affective disorders,
psychotic disorders, and substance abuse disorders as well
as diagnostic, medication prescription, utilization, and

Table 1. Prevalence of Psychiatric Illness Indicators in the Year Before and 3 Years After TBI
Among HMO Enrollees 15 Years or Older*

Psychiatric Indicator
Prior Year
(n = 3756)

1-12 mo
(n = 3704)

13-24 mo
(n = 3230)

25-36 mo
(n = 2892)

Total No. in each exposure category†
Mild TBI 803 (21.4) 788 (21.3) 691 (21.4) 620 (21.4)
Moderate to severe TBI 136 (3.6) 108 (2.9) 88 (2.7) 76 (2.6)
No TBI 2817 (75.0) 2808 (75.8) 2451 (75.9) 2196 (75.9)

Affective disorder
Mild TBI 69 (8.6) 89 (11.3) 90 (13.0) 89 (14.4)
Moderate to severe TBI 15 (11.0) 13 (12.0) 10 (11.4) 7 (9.2)
No TBI 143 (5.1) 155 (5.5) 150 (6.1) 180 (8.2)

Psychotic disorder
Mild TBI 20 (2.5) 24 (3.0) 20 (2.9) 24 (3.9)
Moderate to severe TBI 18 (13.2) 14 (13.0) 8 (9.1) 11 (14.5)
No TBI 42 (1.5) 52 (1.9) 48 (2.0) 60 (2.7)

Substance abuse
Mild TBI 29 (3.6) 45 (5.7) 35 (5.1) 33 (5.3)
Moderate to severe TBI 5 (3.7) 9 (8.3) 4 (4.5) 3 (3.9)
No TBI 48 (1.7) 46 (1.6) 47 (1.9) 72 (3.3)

Adjustment reaction
Mild TBI 67 (8.3) 57 (7.2) 46 (6.7) 60 (9.7)
Moderate to severe TBI 14 (10.3) 8 (7.4) 4 (4.5) 5 (6.6)
No TBI 118 (4.2) 128 (4.6) 123 (5.0) 132 (6.0)

Somatoform disorder
Mild TBI 15 (1.9) 12 (1.5) 10 (1.4) 12 (1.9)
Moderate to severe TBI 2 (1.5) 2 (1.9) 1 (1.1) 2 (2.6)
No TBI 13 (0.5) 9 (0.3) 10 (0.4) 14 (0.6)

Organic nonpsychotic mental disorder
Mild TBI 8 (1.0) 37 (4.7) 5 (0.7) 9 (1.5)
Moderate to severe TBI 1 (0.7) 11 (10.2) 0 (0.0) 4 (5.3)
No TBI 6 (0.2) 7 (0.2) 3 (0.1) 2 (0.1)

Hyperactivity
Mild TBI 3 (0.4) 4 (.5) 6 (0.9) 8 (1.3)
Moderate to severe TBI 1 (0.7) 3 (2.8) 1 (1.1) 1 (1.3)
No TBI 14 (0.5) 15 (0.5) 15 (0.6) 15 (0.7)

Other
Mild TBI 40 (5.0) 30 (3.8) 30 (4.3) 44 (7.1)
Moderate to severe TBI 10 (7.4) 9 (8.3) 7 (8.0) 5 (6.6)
No TBI 77 (2.7) 87 (3.1) 89 (3.6) 89 (4.1)

Psychiatric diagnosis
Mild TBI 176 (21.9) 201 (25.5) 166 (24.0) 159 (25.6)
Moderate to severe TBI 42 (30.9) 41 (38.0) 24 (27.3) 20 (26.3)
No TBI 328 (11.6) 364 (13.0) 344 (14.0) 386 (17.6)

Psychiatric medication
Mild TBI 61 (7.6) 81 (10.3) 81 (11.7) 82 (13.2)
Moderate to severe TBI 23 (16.9) 19 (17.6) 12 (13.6) 8 (10.5)
No TBI 126 (4.5) 144 (5.1) 141 (5.8) 158 (7.2)

Psychiatric utilization
Mild TBI 102 (12.7) 132 (16.8) 101 (14.6) 78 (12.6)
Moderate to severe TBI 15 (11.0) 24 (22.2) 12 (13.6) 6 (7.9)
No TBI 239 (8.5) 223 (7.9) 191 (7.8) 157 (7.1)

Any psychiatric illness indicator
Mild TBI 229 (28.5) 268 (34.0) 209 (30.2) 173 (27.9)
Moderate to severe TBI 51 (37.5) 53 (49.1) 29 (33.0) 20 (26.3)
No TBI 479 (17.0) 510 (18.2) 459 (18.7) 439 (20.0)

Abbreviations: HMO, health maintenance organization; TBI, traumatic brain injury.
*Data are presented as number (percentage). Percentages are among all subjects in each exposure category during the specified 12-month period.
†Data are given as the denominator, or the number of enrollees for each exposure category at midyear.
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any psychiatric illness indicator categories. Time points
for which P�.05 are marked with a dagger for compari-
son of the strength of effect across time. Adjusted ORs
for subjects with prior psychiatric illness were com-
puted separately so that the TBI effect estimates and all
adjustments accounted for the effect modification due to
prior psychiatric illness. For most outcomes, the esti-
mated effects caused by TBI were greater among those
without prior psychiatric illness and were often stron-

ger for mild TBI. With a few exceptions, primarily in sub-
jects with prior psychiatric illness who sustained mild
TBI, the OR estimates decreased across time.

Among subjects without prior psychiatric illness,
the OR estimates for prevalent affective disorder after
mild TBI were greatest in the first 2 years. In those with
prior psychiatric illness, the estimated ORs for affective
disorder were not individually significant until the sec-
ond year after mild TBI. In the first year after TBI, the

Table 2. Estimated TBI vs No TBI Odds Ratios and 95% Confidence Intervals for Prevalent Psychiatric Illness Indicators
in the 3 Years After TBI Among HMO Enrollees 15 Years or Older*

Psychiatric Indicator
P Value for Any

Effect of TBI 1-12 mo 13-24 mo 25-36 mo

Affective disorder
No prior psychiatric illness .02

Mild TBI 2.0 (1.3-3.1)† 1.8 (1.2-2.8)† 1.5 (1.0-2.3)
Moderate to severe TBI 1.9 (0.6-5.8) 1.6 (0.6-4.7) 0.5 (0.2-1.7)

Prior psychiatric illness .05‡
Mild TBI 1.2 (0.8-1.8) 2.1 (1.4-3.1)† 1.4 (0.9-2.2)
Moderate to severe TBI 1.0 (0.4-2.2) 1.0 (0.4-2.7) 0.9 (0.3-2.2)

Psychotic disorder
No prior psychiatric illness .54

Mild TBI 2.3 (0.9-5.8) 1.0 (0.3-3.5) 1.1 (0.4-3.1)
Moderate to severe TBI 2.8 (0.5-14.9) 5.9 (1.6-22.1)† 3.6 (1.0-12.3)†

Prior psychiatric illness .19
Mild TBI 1.7 (0.8-3.4) 2.1 (1.0-4.3)† 2.3 (1.1-4.8)†
Moderate to severe TBI 2.9 (1.3-6.9)† 1.9 (0.6-5.9) 2.2 (0.8-6.3)

Substance abuse
No prior psychiatric illness �.001

Any TBI 4.5 (2.6-7.6)† 1.8 (1.0-3.3) 1.4 (0.8-2.3)
Prior psychiatric illness .05‡

Any TBI 1.7 (0.9-3.1) 2.4 (1.2-4.8)† 0.9 (0.5-1.9)
Psychiatric diagnosis

No prior psychiatric illness �.001
Mild TBI 2.2 (1.7-2.9)† 1.9 (1.4-2.4)† 1.5 (1.1-1.9)†
Moderate to severe TBI 3.5 (2.0-6.2)† 1.7 (0.9-3.1) 0.9 (0.4-2.0)

Prior psychiatric illness .07
Mild TBI 1.4 (1.1-1.9)† 1.5 (1.1-2.0)† 1.5 (1.1-2.2)†
Moderate to severe TBI 1.4 (0.8-2.5) 0.9 (0.5-1.7) 1.0 (0.5-2.1)

Psychiatric prescription
No prior psychiatric illness .18

Mild TBI 1.8 (1.1-2.9)† 1.8 (1.1-2.8)† 1.6 (1.0-2.5)
Moderate to severe TBI 2.1 (0.7-6.2) 1.3 (0.4-4.7) 1.1 (0.3-3.6)

Prior psychiatric illness .04
Mild TBI 1.2 (0.8-1.8) 1.9 (1.3-2.8)† 1.5 (1.0-2.3)
Moderate to severe TBI 1.6 (0.8-3.3) 1.6 (0.7-3.5) 0.7 (0.3-1.8)

Psychiatric utilization
No prior psychiatric illness �.001

Mild TBI 2.1 (1.4-3.0)† 1.7 (1.2-2.4)† 1.4 (0.9-2.2)
Moderate to severe TBI 4.5 (2.2-9.0)† 2.7 (1.1-6.5)† 0.6 (0.1-3.7)

Prior psychiatric illness .19
Mild TBI 1.3 (0.9-1.8) 1.5 (1.0-2.3)† 1.7 (1.1-2.7)†
Moderate to severe TBI 1.3 (0.7-2.6) 0.8 (0.3-1.9) 0.7 (0.2-1.9)

Any psychiatric illness indicator
No prior psychiatric illness �.001

Mild TBI 2.1 (1.6-2.6)† 1.8 (1.4-2.3)† 1.3 (1.0-1.7)
Moderate to severe TBI 3.4 (1.9-5.8)† 1.7 (0.9-3.1) 0.9 (0.4-2.0)

Prior psychiatric illness .02
Mild TBI 1.4 (1.1-1.9)† 1.6 (1.2-2.1)† 1.4 (1.0-2.0)†
Moderate to severe TBI 1.6 (1.0-2.7) 1.0 (0.6-2.0) 0.8 (0.4-1.6)

Abbreviations: HMO, health maintenance organization; TBI, traumatic brain injury.
*Data are adjusted for age, sex, comorbid injuries, and logarithm of costs in the year prior to the reference date. P values for any effect of TBI represent tests

for overall effect of TBI for each prior psychiatric illness stratum during the 3-year follow-up period.
†Represents statistical significance at P�.05 at the specific time point.
‡P value has been rounded up.
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estimated OR for psychotic disorder was greatest for
moderate to severe TBI exposure. However, the OR esti-
mate increased in subjects with moderate to severe TBI
without a psychiatric history and in those who had mild
TBI with a psychiatric history. Although substance
abuse was rare among GHC enrollees, precluding strati-
fication by TBI severity, the OR estimate was highest in
the first year among subjects without a psychiatric his-
tory and in the second year in those with a psychiatric
history.

In examining the major psychiatric illness indica-
tors (diagnosis, prescription, utilization, and any indi-
cator), the OR estimates for prevalent psychiatric illness
conferred by mild TBI were individually statistically sig-
nificant at 18 of 24 time points compared with 4 of 24
time points in the moderate to severe cohort. Among sub-
jects with mild TBI without prior psychiatric illness, the
estimates tended to decrease; however, in those with prior
psychiatric illness, they tended to increase.

INCIDENCE AND RR
FOR PSYCHIATRIC ILLNESS

The Figure shows the predicted cumulative incidence
of any psychiatric illness within the TBI exposure groups
for subjects with and without prior psychiatric illness.
As expected, those with prior psychiatric illness had a
higher incidence of subsequent psychiatric illness. This
may explain the smaller OR and RR estimates (Table 3)
for the additional effect due to TBI in this subgroup. Sub-
jects who sustained a moderate to severe TBI also devel-
oped subsequent psychiatric illness at a higher rate, par-
ticularly in the first 6 months. However, among those
without prior psychiatric illness, there seems to be a
“catch-up” phenomenon whereby those with no TBI and
those with mild TBI close the gap in proportions at later
time points. This may explain OR and RR estimates that
are lower than 1 at the later time points.

Adjusted estimates of the RR for incidence of affec-
tive, psychotic, and substance abuse disorders and any
psychiatric illness indicator are presented in Table 3. Sta-
tistically significant effects of TBI on incident affective
disorders were seen in patients without prior psychiat-
ric illness, particularly in the mild TBI cohort. However,
RR estimates for incident psychotic disorders were greater
for the moderate to severe TBI cohort compared with sub-
jects who had mild TBI; CIs were large owing to the rar-
ity of the outcomes. The estimated RR for substance abuse
was significant in the group with no prior psychiatric ill-
ness, with individual significance continuing through
month 30. In the category of any psychiatric illness, the
estimated increase in risk of subsequent psychiatric ill-
ness conferred by TBI was initially greater in subjects with-
out prior psychiatric illness and in those with moderate
to severe TBI compared with mild TBI. However, nomi-
nally statistically significant risks were sustained longer
in the mild TBI group.

For subjects without prior psychiatric illness, being
female (adjusted RR=1.2; 95% CI, 1.1-1.4) and having
higher costs in the prior year (adjusted RR=1.4; 95% CI,
1.3-1.6, for groups differing by a factor of 10) were asso-
ciated with a higher risk of any psychiatric illness indica-
tor in the 3 years following TBI. For those with prior
psychiatric illness, sex was not a significant risk factor,
but costs were (adjusted RR=1.3; 95% CI, 1.1-1.6).
Comorbid injuries were not associated with higher risk
of psychiatric illness in either psychiatric history stra-
tum. Prior psychiatric illness significantly modified the
effect of TBI on subsequent psychiatric illness (P=.04)
and was also a strong predictor of subsequent psychiat-
ric illness (P�.001). The RRs for any psychiatric illness
in the 3-year follow-up period for prior vs no prior psy-
chiatric illness were 2.9 (95% CI, 2.4-3.3) for the TBI-
unexposed group, 2.5 (95% CI, 2.0-3.1) for the mild TBI
group, and 3.0 (95% CI, 1.7-5.0) for the moderate to
severe TBI group.
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COMMENT

We found that the risk of psychiatric illness, ascer-
tained using several different indicators, was signifi-
cantly increased following both mild and moderate to se-
vere TBI in an adult HMO population. The magnitude
and pattern of risk for subsequent psychiatric illness was
modified by whether patients had a history of psychiat-
ric illness in the year prior to their TBI. The already high
risk of subsequent psychiatric illness in those with prior
psychiatric illness may have diluted the increase in risk
due to TBI, accounting for the smaller RR estimates in
this subgroup. The risk of incident psychiatric illness was
greatest in the first 6 to 12 months after TBI. In patients
without prior psychiatric illness, decreasing trends were
generally evident in RR estimates across time. A few stud-
ies found that psychiatric history was a significant risk
factor for psychiatric problems after TBI.1,11

The literature on the relationship between TBI se-
verity and subsequent psychiatric disorders is inconsis-
tent, with study findings ranging from positive or in-
verse to no relationship.2,10-14,23,24 We found that although
survivors of moderate to severe TBI with no prior ill-
ness had a greater initial elevation in risk of any psychi-
atric illness, the mild TBI cohort exhibited a more pro-
longed pattern of elevated risk that eventually surpassed
that of the moderate to severe cohort. Our findings also

suggest that the TBI-associated RR for incident psychi-
atric illness is highest shortly following injury in per-
sons with no psychiatric history, whereas it may remain
high or even increase in subsequent years in persons with
prior illness.

Some psychiatric illnesses appear to persist after TBI.
Table 2 shows sustained elevation and a delayed in-
crease in ORs for certain prevalent psychiatric illnesses,
particularly in patients who have mild TBI with prior psy-
chiatric illness. This population often perplexes health
care professionals with their persistent symptoms and dis-
ability.25-27 The TBI may precipitate the expression of un-
derlying psychiatric distress, which may initially appear
as nonspecific somatic or postconcussive symptoms such
as headache, decreased memory, or irritability.2,28 Our data
suggest the need to control for medical comorbidity when
studying the relationship between TBI and psychiatric
illness, although comorbid injuries did not confound this
relationship.

Affective disorders were common in this HMO
population with TBI. We found that patients with mild
TBI had higher ORs and RRs for affective disorders than
those with moderate to severe TBI. This finding is con-
sistent with various reports that more severe TBI is not
necessarily associated with a higher risk of depres-
sion.2,10,12,13,24 Moreover, patients with a psychiatric his-
tory who sustained mild TBI had higher ORs for preva-

Table 3. Estimated TBI vs No TBI Relative Risks and 95% Confidence Intervals for Incident Psychiatric Illness Indicators
in the 3 Years After TBI Among HMO Enrollees 15 Years or Older*

Psychiatric Indicator

P Value for
Any Effect

of TBI
P Value
for Trend 1-6 mo 7-12 mo 13-18 mo 19-24 mo 25-30 mo 31-36 mo

Affective disorder
No prior psychiatric illness �.001 .03

Mild TBI 2.7 (1.5-4.8)† 2.2 (1.4-3.6)† 1.9 (1.3-2.6)† 1.6 (1.2-2.1)† 1.3 (0.9-1.9) 1.1 (0.6-1.9)
Moderate to severe TBI 1.0 (0.1-7.6) 4.6 (1.8-11.7)† 2.2 (1.0-4.9)† 1.1 (0.4-3.0) 0.5 (0.1-2.3) 0.2 (0.0-1.9)

Prior psychiatric illness .78 NA
Mild TBI 1.3 (0.9-1.19) 1.0 (0.6-1.7) 1.1 (0.7-1.6) 1.1 (0.8-1.7) 1.2 (0.7-2.1) 1.4 (0.7-2.7)
Moderate to severe TBI 1.1 (0.5-2.5) 0.4 (0.1-2.6) 0.6 (0.2-2.0) 0.7 (0.3-1.9) 1.0 (0.4-2.8) 1.4 (0.3-5.9)

Psychotic disorder
No prior psychiatric illness .07 NA

Mild TBI 2.6 (0.8-8.6) 3.0 (0.9-9.3) 2.5 (1.0-6.0)† 2.1 (1.0-4.4) 1.7 (0.8-4.0) 1.5 (0.5-4.3)
Moderate to severe TBI 2.0 (0.2-17.6) 9.2 (2.2-38.7)† 6.1 (1.8-20.3)† 4.0 (1.1-14.5)† 2.7 (0.5-13.4) 1.8 (0.2-14.3)

Prior psychiatric illness .04 .76
Mild TBI 1.6 (0.8-3.2) 1.4 (0.5-3.9) 1.7 (0.8-3.5) 2.0 (1.0-3.9) 2.3 (1.0-5.4) 2.7 (0.8-8.6)
Moderate to severe TBI 3.5 (1.5-8.1)† 1.2 (0.2-8.4) 2.0 (0.5-8.1) 3.1 (1.0-10.1) 5.0 (1.3-19.3)† 8.0 (1.3-50.1)†

Substance abuse
No prior psychiatric illness �.001 .17

Any TBI 6.3 (3.1-12.8)† 2.0 (1.0-4.0)† 1.9 (1.2-3.2)† 1.8 (1.2-2.8)† 1.7 (1.1-2.8)† 1.6 (0.8-3.3)
Prior psychiatric illness .20 NA

Any TBI 2.3 (1.1-4.8)† 1.4 (0.6-3.4) 1.3 (0.7-2.5) 1.2 (0.7-2.1) 1.1 (0.5-2.2) 1.0 (0.4-2.6)
Any psychiatric illness indicator

No prior psychiatric illness �.001 �.001
Mild TBI 2.8 (2.1-3.7)† 1.3 (0.9-1.7) 1.2 (1.0-1.5) 1.2 (0.9-1.4) 1.1 (0.8-1.4) 1.0 (0.7-1.5)
Moderate to severe TBI 4.0 (2.4-6.8)† 1.5 (0.7-3.2) 0.9 (0.5-1.8) 0.6 (0.2-1.4) 0.3 (0.1-1.3) 0.2 (0.0-1.2)

Prior psychiatric illness .005 .24
Mild TBI 1.6 (1.2-2.0)† 0.9 (0.6-1.5) 1.0 (0.7-1.4) 1.0 (0.7-1.5) 1.1 (0.6-1.8) 1.1 (0.5-2.3)
Moderate to severe TBI 2.1 (1.3-3.3)† 1.5 (0.5-4.3) 1.5 (0.76-3.3) 1.6 (0.7-3.6) 1.7 (0.5-5.6) 1.7 (0.3-9.8)

Abbreviations: HMO, health maintenance organization; NA not applicable; TBI, traumatic brain injury.
*Data are adjusted for age, sex, reference date, comorbid injuries, and logarithm of costs in the year prior to the reference date. P values for any effect of TBI

represent tests for overall effect of TBI for each prior psychiatric illness stratum during the 3-year follow-up period. P values for trend represent nested tests for
trend in relative risk.

†Represents statistical significance at P�.05 at the specific time point.
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lent psychiatric illness in the second and third years
after TBI compared with the first year. This subgroup
seems to be at particularly high risk for persistent psy-
chiatric morbidity.

There was also a pattern of delay for the relatively
higher risk of psychotic disorder in TBI-exposed subjects
with prior psychiatric illness. A psychotic disorder in the
first year after moderate to severe TBI may represent de-
lirium due to the TBI or to intensive care unit–related psy-
chosis. However, RR increases in the second and third years
in those with prior psychiatric illness, particularly with
moderate to severe TBI, are consistent with findings from
other reports of delayed psychosis after TBI.3,29

Substance abuse disorders have been found to ini-
tially decrease after moderate to severe TBI, but there may
be a delayed increase after the first year.4,30 Our OR data
replicated this finding in patients with prior psychiatric
illness, although those with no prior psychiatric illness had
an initial increase that decreased with time. Relative risk
estimates of incident substance abuse consistently de-
creased across time for both groups. The different OR pat-
terns of substance abuse between those with and without
prior psychiatric illness may be related to an initial height-
ened emphasis on alcohol abstinence among health care
professionals toward prior substance abusers. Nearly all
substance abusers with TBI had mild TBI.

From our findings, we hypothesize that psychiat-
ric symptoms arising immediately after TBI may be etio-
logically related to the neurophysiological effects of the
injury, as supported by an early relationship between TBI
severity and psychiatric risk. However, other factors such
as psychological vulnerability (eg, personality and attri-
bution styles), self-awareness of deficits, social influ-
ences, and secondary gain may play subsequent roles, par-
ticularly in subjects with prior psychiatric illness and mild
injury. These possible etiological correlates, which have
been proposed by other investigators,8,23,31,32 likely inter-
act in complex ways and require further research.

Psychiatric diagnosis, prescriptions filled, and health
care utilization were all recorded at the time of medical
service. Therefore, possible bias due to differential re-
call between TBI-exposed and TBI-unexposed subjects
was eliminated. Because of the completeness and uni-
formity of the database, the determination of psychiat-
ric illness was not subject to the limitations of incom-
plete recall or information bias.33 Also, because providers
at GHC are not influenced by the risk that a psychiatric
diagnosis may not receive full reimbursement, as may be
the case in fee-for-service settings, reporting bias of psy-
chiatric diagnoses owing to reimbursement rates was un-
likely. Use of a comparison group allowed us to control
for baseline fluctuations in psychiatric illness detection;
there was a 1% increase per year in overall psychiatric
illness in the comparison group during the 4-year study
period, perhaps representing improved detection and cod-
ing efforts at GHC.

A limitation of this study is the possible lack of pre-
cision in TBI exposure measurement. Our study popu-
lation had a higher proportion of women than other TBI
populations; this may have been an ambulatory popula-
tion with more women reporting mild TBI. This higher
representation of women may have afforded the statis-

tical power to find the association between female sex
and risk of subsequent psychiatric illness. Insurance type
was used as a proxy measure for socioeconomic status.
Although it was not shown to be a confounder, there could
be residual confounding by socioeconomic status that was
not controlled for in the analyses.

Incident RR estimates that decline lower than 1, par-
ticularly for moderate to severe TBI exposure, suggest that
TBI may advance the identification of psychiatric illness
in groups that might have been diagnosed at a later date.
The plot for no prior psychiatric illness best depicts this
catch-up effect. Because individuals with TBI may visit
their physician more frequently, such as for postconcus-
sive symptoms, it is more likely that a psychiatric illness
in these persons would be recognized and recorded; a per-
son without TBI may not go to a GHC clinic, and thus a
psychiatric illness might not be recognized. Those with
TBI would be more likely to have a subsequent TBI,34 fur-
ther increasing the risk of psychiatric illness; therefore,
our RR estimates may include risk associated with sub-
sequent TBIs.

The method used to determine psychiatric illness
may have been subject to misclassification. Psychiatric
diagnoses assigned by non–mental health professionals
may be less sensitive and specific than those made by men-
tal health professionals. Subjects could have been incor-
rectly assigned to diagnostic categories or may not have
received a diagnosis when a psychiatric illness was pres-
ent. However, this potential nondifferential misclassifi-
cation due to type of specialist would likely bias TBI effect
estimates toward the null.

Moderate to severe TBI–exposed subjects were at
higher risk for dropout, particularly resulting from higher
injury-related fatality, than those with mild TBI and com-
parison subjects. It is possible that losses to follow-up
may have affected the estimates of ORs and RRs, espe-
cially for later periods. When comparing these results with
those in other populations, consideration should be given
to differences in the distributions of disenrollment, death,
and exposure severity within categories. The incident RR
estimates may have been more resistant to disenroll-
ment effects because they relied on incident vs preva-
lent psychiatric illness.

Despite these limitations, we found both mild and
moderate to severe TBI to be significant risk factors for
subsequent psychiatric illness. Evidence of psychiatric
illness in the year prior to TBI significantly modified this
relationship. Subjects with a psychiatric history had a sub-
stantially greater risk of post-TBI psychiatric illness. Their
RR due to the effect of TBI was smaller compared with
those without prior illness; the already high incidence
among controls with prior illness left little room for other
effects. The clinical implications of this study include evi-
dence that patients should be screened for psychiatric mor-
bidity within the first 6 to 12 months following TBI. How-
ever, continued vigilance for up to 3 years, particularly
in patients with mild TBI and prior psychiatric illness,
is also supported. Health care professionals working in
primary care settings may have the best opportunity to
identify and treat psychiatric morbidity in patients with
mild TBI. It is also important to inquire about psychiat-
ric history before attributing psychiatric symptoms to TBI.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 61, JAN 2004 WWW.ARCHGENPSYCHIATRY.COM
60

©2004 American Medical Association. All rights reserved.



Submitted for publication February 20, 2003; final revi-
sion received June 25, 2003; accepted July 3, 2003.

This study was supported by a grant from the Na-
tional Center for Injury Prevention and Control, Centers for
Disease Control and Prevention, Atlanta, Ga.

We thank David Rubanowice, BS, for his computer-
programming assistance.

Corresponding author and reprints: Jesse R. Fann, MD,
MPH, Department of Psychiatry and Behavioral Sciences,
Box 356560, University of Washington, Seattle, WA 98195-
6560 (e-mail: fann@u.washington.edu).

REFERENCES

1. Fedoroff JP, Starkstein SE, Forrester A, Geisler FH, Jorge RE, Arndt SV, Robin-
son RG. Depression in patients with acute traumatic brain injury. Am J Psychia-
try. 1992;149:918-923.

2. Fann JR, Katon WJ, Uomoto JM, Esselman PC. Psychiatric disorders and func-
tional disability in outpatients with traumatic brain injuries. Am J Psychiatry. 1995;
152:1493-1499.

3. Fujii D, Ahmed I. Characteristics of psychotic disorder due to traumatic brain in-
jury: an analysis of case studies in the literature. J Neuropsychiatry Clin Neuro-
sci. 2002;14:130-140.

4. Kreutzer JS, Witol AD, Sander AM, Cifu DX, Marwitz JH, Delmonico R. A pro-
spective longitudinal multicenter analysis of alcohol use patterns among per-
sons with traumatic brain injury. J Head Trauma Rehabil. 1996;11:58-69.

5. Koponen S, Taiminen T, Portin R, Himanen L, Isoniemi H, Heinonen H, Hinkka
S, Tenovuo O. Axis I and II psychiatric disorders after traumatic brain injury:
a 30-year follow-up study. Am J Psychiatry. 2002;159:1315-1321.

6. Robins LN, Regier DA. Psychiatric Disorders in America. New York, NY: Free Press;
1991.

7. Silver JM, Kramer R, Greenwald S, Weissman M. The association between head
injuries and psychiatric disorders: findings from the New Haven NIMH Epide-
miologic Catchment Area Study. Brain Inj. 2001;15:935-945.

8. Jorge RE, Robinson RG, Arndt SV, Forrester AW, Geisler F, Starkstein SE. Com-
parison between acute- and delayed-onset depression following traumatic brain
injury. J Neuropsychiatry Clin Neurosci. 1993;5:43-49.

9. Jorge RE, Robinson RG, Starkstein SE, Arndt SV. Influence of major depression
on 1-year outcome in patients with traumatic brain injury. J Neurosurg. 1994;
81:726-733.

10. Bowen A, Neumann V, Conner M, Tennant A, Chamberlain MA. Mood disorders
following traumatic brain injury: identifying the extent of the problem and the
people at risk. Brain Inj. 1998;12:177-190.

11. Deb S, Lyons I, Koutzoukis C, Ali I, McCarthy G. Rate of psychiatric illness 1 year
after traumatic brain injury. Am J Psychiatry. 1999;156:374-378.

12. Bornstein RA, Miller HB, van Schoor JT. Neuropsychological deficit and emo-
tional disturbance in head-injured patients. J Neurosurg. 1989;70:509-513.

13. Hibbard MR, Uysal S, Kepler K, Bogdany J, Silver J. Axis 1 psychopathology
in individuals with traumatic brain injury. J Head Trauma Rehabil. 1998;13:
24-39.

14. Levin HS, Grossman RG. Behavioral sequelae of closed head injury. Arch Neu-
rol. 1978;35:720-727.

15. Saunders KW, Stergachis A, Von Korff M. Group Health Cooperative of Puget
Sound. In: Strom BL, ed. Pharmacoepidemiology. 2nd ed. New York, NY: John
Wiley & Sons Inc; 1994:171-186.

16. Fann JR, Leonetti A, Jaffe K, Katon WJ, Cummings P, Thompson RS. Psychiat-
ric illness and subsequent traumatic brain injury: a case control study. J Neurol
Neurosurg Psychiatry. 2002;72:615-620.

17. International Classification of Diseases, Ninth Revision, Clinical Modification. Wash-
ington, DC: Public Health Service, US Dept of Health and Human Services; 1988.

18. Thurman DJ, Sniezek JE, Johnson D, Greenspan A, Smith SM. Guidelines for
Surveillance of Central Nervous System Injury. Atlanta, Ga: Centers for Disease
Control and Prevention; 1995.

19. Thurman DJ, Finkelstein B, Leadbetter SL. A proposed classification of traumatic
brain injury severity for surveillance systems. Paper presented at: Annual Meeting
of the American Public Health Association; November 21, 1996; New York, NY.

20. The Johns Hopkins University. ACG Case Mix Adjustment System, Documenta-
tion for PC-DOS and Unix, Version 4.1. Baltimore, Md: Johns Hopkins Univer-
sity School of Hygiene and Public Health, Health Services Research and Devel-
opment Center; 1998.

21. Weiner JP, Starfield BH, Steinwachs DM, Mumford LM. Development and ap-
plication of a population-oriented measure of ambulatory care case-mix. Med
Care. 1991;29:452-472.

22. Hosmer DW, Lemeshow S. Applied Survival Analysis. New York, NY: John Wiley
& Sons Inc; 1999.

23. van Reekum R, Cohen T, Wong J. Can traumatic brain injury cause psychiatric
disorders? J Neuropsychiatry Clin Neurosci. 2000;12:316-327.

24. Piccinelli M, Patterson M, Braithwaite I, Boot D, Wilkinson G. Anxiety and de-
pression disorders 5 years after severe injuries: a prospective follow-up study.
J Psychosom Res. 1999;46:455-464.

25. Brown SJ, Fann JR, Grant I. Postconcussional disorder: time to acknowledge a
common source of neurobehavioral morbidity. J Neuropsychiatry Clin Neuro-
sci. 1994;6:15-22.

26. Alexander MP. Minor traumatic brain injury: a review of physiogenesis and psy-
chogenesis. Semin Clin Neuropsychiatry. 1997;2:177-187.

27. Mittenberg W, Strauman S. Diagnosis of mild head injury and the postconcus-
sion syndrome. J Head Trauma Rehabil. 2000;15:783-791.

28. Katon W, Sullivan M, Walker E. Medical symptoms without identified pathology:
relationship to psychiatric disorders, childhood and adult trauma, and person-
ality traits. Ann Intern Med. 2001;134:917-925.

29. Levine DN, Finklestein S. Delayed psychosis after right temporoparietal stroke
or trauma: relation to epilepsy. Neurology. 1982;32:267-273.

30. Dikmen SS, Machamer JE, Donovan DM, Winn HR, Temkin NR. Alcohol use be-
fore and after traumatic head injury. Ann Emerg Med. 1995;26:167-176.

31. Mittenberg W, Patton C, Canyock EM, Condit DC. Base rates of malingering and
symptom exaggeration. J Clin Exp Neuropsychol. 2002;24:1094-1102.

32. Gordon WA, Haddad L, Brown M, Hibbard MR, Sliwinski M. The sensitivity and
specificity of self-reported symptoms in individuals with traumatic brain injury.
Brain Inj. 2000;14:21-33.

33. Stergachis AS. Evaluating the quality of linked automated databases for use in
pharmacoepidemiology. In: Hartzema AG, Porta MS, Tilson HH, eds. Pharma-
coepidemiology. Cincinnati, Ohio: Harvey Whitney Books Co; 1991:222-234.

34. Kraus JF, McArthur DL. Epidemiologic aspects of brain injury. Neurol Clin. 1996;
14:435-450.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 61, JAN 2004 WWW.ARCHGENPSYCHIATRY.COM
61

©2004 American Medical Association. All rights reserved.


