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ORIGINAL CONTRIBUTION

Rates of Major Depressive Disorder and Clinical
Outcomes Following Traumatic Brain Injury
Charles H. Bombardier, PhD
Jesse R. Fann, MD, MPH
Nancy R. Temkin, PhD
Peter C. Esselman, MD
Jason Barber, MS
Sureyya S. Dikmen, PhD

TRAUMATIC BRAIN INJURY (TBI) IS

a major cause of disability in
the United States1 and a signa-
ture injury among wounded

soldiers.2 Assessment and treatment of
TBI typically focus on physical and cog-
nitive impairments, yet psychological
impairments represent significant
causes of disability.3 Major depressive
disorder (MDD) may be the most com-
mon and disabling psychiatric condi-
tion in individuals with TBI.4 Poorer
cognitive functioning,5 aggression and
anxiety,6,7 greater functional disabil-
ity,6,8 poorer recovery,9 higher rates of
suicide attempts,10 and greater health
care costs11 are thought to be associ-
ated with MDD after TBI.

Despite considerable research, the
rates, predictors, and outcomes of MDD
after TBI remain uncertain. Depres-
sion prevalence rates have ranged from
10% to 77%.12 Small sample size, se-
lection bias, retrospective reporting, use
of measures without diagnostic valid-
ity, and failure to exclude patients who
were depressed at the time of injury
have limited studies of rates and cor-
relates of TBI-related MDD.13 More de-
finitive studies could galvanize efforts
to improve recognition and treatment
of this important secondary condi-
tion. Therefore, we sought to describe
the rate of MDD during the first year
after TBI, multivariate predictors of
MDD, MDD-related comorbidities, and

the relationship of MDD to 1-year qual-
ity-of-life outcomes in a large prospec-
tively studied sample of consecutive pa-
tients hospitalized for complicated mild
to severe TBI.

METHODS
This study was the recruitment phase of
a clinical trial investigating the efficacy
of sertraline for MDD after TBI. The trial
is completed and the outcome analysis
is in progress. Eligibility criteria for the
cohort study were admission to Harbor-
view Medical Center (a level I trauma
center in Seattle, Washington) with TBI

and radiological evidence of acute, trau-
matically induced brain abnormality or
Glasgow Coma Scale (GCS) score lower
than 13 (based on the lowest score within
24 hours after admission or the first af-
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Corresponding Author: Charles H. Bombardier, PhD,
Department of Rehabilitation Medicine, Box 359612,
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WA 98104 (chb@uw.edu).

Context Uncertainties exist about the rates, predictors, and outcomes of major de-
pressive disorder (MDD) among individuals with traumatic brain injury (TBI).

Objective To describe MDD-related rates, predictors, outcomes, and treatment dur-
ing the first year after TBI.

Design Cohort from June 2001 through March 2005 followed up by structured tele-
phone interviews at months 1 through 6, 8, 10, and 12 (data collection ending Feb-
ruary 2006).

Setting Harborview Medical Center, a level I trauma center in Seattle, Washington.

Participants Five hundred fifty-nine consecutively hospitalized adults with compli-
cated mild to severe TBI.

Main Outcome Measures The Patient Health Questionnaire (PHQ) depression and
anxiety modules were administered at each assessment and the European Quality of
Life measure was given at 12 months.

Results Two hundred ninety-seven of 559 patients (53.1%) met criteria for MDD at
least once in the follow-up period. Point prevalences ranged between 31% at 1 month
and 21% at 6 months. In a multivariate model, risk of MDD after TBI was associated
with MDD at the time of injury (risk ratio [RR], 1.62; 95% confidence interval [CI], 1.37-
1.91), history of MDD prior to injury (but not at the time of injury) (RR, 1.54; 95% CI,
1.31-1.82), age (RR, 0.61; 95% CI, 0.44-0.83 for �60 years vs 18-29 years), and life-
time alcohol dependence (RR, 1.34; 95% CI, 1.14-1.57). Those with MDD were more
likely to report comorbid anxiety disorders after TBI than those without MDD (60% vs
7%; RR, 8.77; 95% CI, 5.56-13.83). Only 44% of those with MDD received antide-
pressants or counseling. After adjusting for predictors of MDD, persons with MDD re-
ported lower quality of life at 1 year compared with the nondepressed group.

Conclusions Among a cohort of patients hospitalized for TBI, 53.1% met criteria for
MDD during the first year after TBI. Major depressive disorder was associated with his-
tory of MDD and was an independent predictor of poorer health-related quality of life.
JAMA. 2010;303(19):1938-1945 www.jama.com
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ter paralytic agents were withdrawn).
Participants were residents of King,
Pierce, Kitsap, Jefferson, Mason, Thur-
ston, or Snohomish counties; at least 18
years old; and English speaking. We ex-
cluded those with uncomplicated mild
TBI (GCS 13-15 and no radiological ab-
normality) because of diagnostic unre-
liability in this population.14 Other ex-
clusion criteria were homelessness, no
contact information, incarceration, and
schizophrenia (FIGURE 1). Participants
with GCS scores lower than 13 and no
radiological evidence of TBI were ex-
cluded if their blood alcohol levels ex-
ceeded 199 mg/dL because alcohol in-
toxication can decrease GCS scores.15

Enrollment occurred from June 2001
through March 2005 and follow-up as-
sessments ended in February 2006. We
obtained a waiver of consent to deter-
mine eligibility and retain selected
demographic information about non-
recruited patients. Otherwise, partici-
pation required written consent. Study
procedures were approved by the Uni-
versity of Washington institutional re-
view board and followed guidelines
from the Health Insurance Portability
and Accountability Act.

Procedures

Consecutively eligible inpatients with
TBI were identified via daily auto-
matic queries of electronic medical rec-
ords and TBI consultation lists. Re-
search staff obtained consent from
eligible patients who were fully ori-
ented prior to discharge. For patients
disoriented at discharge, we obtained
assent from legal next of kin to con-
duct follow-up. We recruited patients
not approached by discharge via a let-
ter from the attending neurosurgeon
and telephone calls. Trained research
personnel used structured telephone in-
terviews to assess participants monthly
from months 1 through 6 and at 8, 10,
and 12 months following injury. Pa-
tients were required to pass a standard-
ized orientation examination16 prior to
consenting. We followed up disori-
ented patients for up to 1 year to de-
termine whether they had become ori-
ented and could be assessed.

Figure 1. Participant Flowchart

Month 12
461 Attempted interviews

98 Interviews not attempted
4 Not oriented
8 Temporarily ineligible

10 Died or moved from area
76 Not in study extension or

surveillance ended

365 Completed
96 Incomplete

65 Missed
2 Refused

19 Withdrew
10 No contact information

Month 8
461 Attempted interviews

98 Interviews not attempted
7 Did not provide consent
4 Not oriented
6 Temporarily ineligible

73 Not in study extension or
surveillance ended

385 Completed
76 Incomplete

50 Missed
1 Refused

17 Withdrew
8 No contact information

Month 10
442 Attempted interviews

117 Interviews not attempted
1 Did not provide consent
3 Not oriented
8 Temporarily ineligible
8 Died or moved from area

97 Not in study extension or
surveillance ended

358 Completed
84 Incomplete

54 Missed
2 Refused

18 Withdrew
10 No contact information

Month 5
507 Attempted interviews

52 Interviews not attempted
15 Did not provide consent
7 Not oriented

23 Temporarily ineligible
7 Died or moved from area

423 Completed
84 Incomplete

64 Missed
4 Refused

11 Withdrew
5 No contact information

Month 4
498 Attempted interviews

61 Interviews not attempted
22 Did not provide consent
9 Not oriented

23 Temporarily ineligible
7 Died or moved from area

415 Completed
83 Incomplete

73 Missed
2 Refused
8 Withdrew

Month 3
465 Attempted interviews

94 Interviews not attempted
56 Did not provide consent
10 Not oriented
25 Temporarily ineligible
3 Died or moved from area

408 Completed
57 Incomplete

45 Missed
5 Refused
7 Withdrew

Month 6
521 Attempted interviews

38 Interviews not attempted
6 Did not provide consent
8 Not oriented

15 Temporarily ineligible
9 Died or moved from area

432 Completed
89 Incomplete

69 Missed
1 Refused

14 Withdrew
5 No contact information

Month 2
420 Attempted interviews

139 Interviews not attempted
98 Did not provide consent
17 Not oriented
23 Temporarily ineligible
1 Moved from area

380 Completed
40 Incomplete

35 Missed
2 Refused
3 Withdrew

Month 1
330 Attempted interviews

229 Interviews not attempted
182 Did not provide consent
30 Not oriented
17 Temporarily ineligible

289 Completed
41 Incomplete

38 Missed
3 Refused

521 Excluded (did not provide consent)
278 Refused
197 Calls not returned
27 Missed (discharged before recruitment in place)
12 Never oriented or died
4 No telephone or transient
3 Unable to communicate

559 Participants interviewed at
least once over study period

1080 Consecutive participants
identified as eligible

MAJOR DEPRESSIVE DISORDER AFTER TRAUMATIC BRAIN INJURY
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Measures
Demographic, medical, radiologic, and
International Classification of Diseases,
Ninth Revision (ICD-9), code data were
obtainedviaparticipant interviews,medi-
cal record reviews, and the Harborview
Trauma Registry. Race was obtained via
self-report and record review because de-
pression prevalence may vary by race.
Other system injury severity was based
on the Injury Severity Score excluding
head injury.17 Serum blood alcohol level
and toxicology screening results (co-
caine and amphetamine) were available
for 80% of the sample.

At the initial assessment, we con-
ducted a structured interview to assess
preinjury history of psychiatric disor-
ders and treatment. Participants were
coded as depressed at injury if they re-
ported any of the following within 6
months prior to TBI: diagnosis of de-
pression, depression-related antidepres-
sant use, depression-related counsel-
ing, or a suicide attempt. Preinjury
history of depression was defined as ever
receiving a diagnosis of or treatment for
depression or making a suicide at-
tempt. Lifetime history of other mental
health diagnoses was based on whether
participants indicated they had ever been
diagnosed with bipolar disorder or manic
depression, generalized anxiety disor-
der, panic disorder, posttraumatic stress
disorder (PTSD), obsessive-compul-
sive disorder, any phobia, schizophre-
nia, schizoaffective disorder, or any psy-
choticdisorder.Fordescriptivepurposes,
we segregated lifetime history of depres-
sion or PTSD and collapsed the remain-
der of the diagnoses into “other mental
health diagnoses.” Lifetime alcohol de-
pendence was based on endorsing at least
2 items on the CAGE (cut down, an-
noyed, guilty, eye opener—a screening
questionnaire for potential alcoholism).18

Alcohol or drug abuse was defined as
blood alcohol level greater than 79 mg/dL
or positive toxicology screen for co-
caine or amphetamine, respectively, on
admission. Participants were asked
whether they were involved in or plan-
ning a lawsuit related to their injury.

Longitudinal interviews focused on
assessment of MDD as well as panic and

other anxiety disorders and treatment.
Cases with MDD were identified using
a structured interview based on the
Patient Health Questionnaire 9-item
depressionscale(PHQ-9).19 Atelephone-
administered PHQ-9 has excellent inter-
rater reliability (r=0.99) and good diag-
nostic sensitivity (0.93) and specificity
(0.89)20 in individuals with TBI com-
pared with the Structured Diagnostic
Interview for DSM-IV (SCID).21 Partici-
pants were positive for MDD if they
endorsedeitherdepressedmoodoranhe-
donia and a total of 5 or more symp-
toms of MDD at least several days dur-
ing the prior 2-week period. Current
panic disorder and other anxiety disor-
der were assessed on the same schedule
using validated screening modules from
the PHQ.22 At each contact, participants
were asked about receiving antidepres-
sants or counseling for depression.
Patients were referred for further evalu-
ation and treatment if they reported sui-
cidal ideation with plan or intent.

Outcomes assessed at 12 months in-
cluded health-related quality of life (1-
item General Health Scale from the 36-
Item Short Form Health Survey),23 the
European Quality of Life measure popu-
lation-based weighted summary score,24

and 5 subcomponents of the European
Quality of Life measure. We measured
social role impairment attributed to de-
pression symptoms as described by
Kroenke and colleagues19 as well as cur-
rent employment status and subjective
percentage back to normal (preinjury
functioning).25

Data Analysis

Postinjury MDD rates are estimated as
the proportion of cases ascertained with
MDD for the first time after TBI at each
assessmentamongthetotalsampleof559
patients. Point prevalence is the propor-
tion of participants positive for MDD,
regardless of whether it was new, per-
sisting, or recurrent, among those inter-
viewed at that assessment. Participants
were classified as MDD� if they quali-
fiedasdepressedatanyscreeningcalland
MDD− if they never qualified. Likewise,
apersonwasconsideredtohaveacomor-
bid condition or treatment if he or she

qualified at any interview. Both under-
estimate the true rates because partici-
pants may have had a condition only
when they missed an interview. Bino-
mial regression with a log-linear link
(Proc GENMOD, SAS version 9.2; SAS
Institute,Cary,NorthCarolina)wasused
forcomparing the riskofMDDandrelat-
ing MDD to binary outcomes with or
without adjustment for other factors. To
assess independent predictors of MDD,
abackwardstepwiseprocedurewasused
starting with a model containing all pre-
dictors in TABLE 1. Separate multivari-
ate models were built for all partici-
pants and for those who were not
depressed at injury. The bivariate rela-
tionship between MDD and continuous
outcomes was assessed with t tests. We
adjusted for full-sample predictors of
MDD, using linear or log-binomial
regression, to see whether MDD inde-
pendently predicted outcomes. Months
depressed was calculated as the number
of positive monthly screens plus twice
the number of positive bimonthly
screens. All probabilities are 2-tailed.
Nominal P values are presented, but the
Bonferroni-correctedsignificance level is
given in footnotes.

RESULTS
We identified 1080 eligible patients, 559
of whom consented and underwent at
least1 interview.Those interviewedwere
significantly younger (mean [SD] age,
42.5 [17.9] vs 46.8 [21.5] years), more
likely to have completed high school
(89% vs 84%), and less likely to have
Medicare insurance (16% vs 25%) com-
pared with the nonrecruited group. The
2 groups were equivalent in terms of sex
ratio, race,marital status, causeof injury,
comaseverity,other systeminjury sever-
ity, blood alcohol level, toxicology find-
ings, and length of hospital stay. Partici-
pant interviewratesamongthoseeligible
for interview at the 9 assessment points
ranged from 79% to 90% (Figure 1).
Fewer participants were interviewed at
month1(n=289)vs subsequentmonths
(n=358-432), primarily because more
participants at month 1 were not eli-
gible for interview, eg, pending consent
(n=182) or not yet oriented (n=30).

MAJOR DEPRESSIVE DISORDER AFTER TRAUMATIC BRAIN INJURY
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Rates of MDD
During the first year after TBI, 297 of
559 patients (53.1%) met criteria for
MDD at least once (FIGURE 2). The
point prevalence of MDD was highest
the first month after TBI. Point preva-
lence ranged from 21% to 31% with no
trend (eFigure 1, available at http:
//www.jama.com). Among those
screening positive for MDD in the first
3 months and interviewed at least twice,
the median time depressed was 4
months; 27% screened positive only
once, and 36% screened positive for 6
or more months (eFigure 2). Exclud-
ing those depressed at the time of in-
jury, the rate of new (incident) MDD
was 49% (233/471).

Predictors of MDD

Table1shows thecompositionof the559
participants interviewed as well as the
percentage depressed during the study
period in various subgroups based on de-
mographics and injury characteristics
and the univariate risk ratio (RR) for de-
pression. Participants were mostly men
injured in vehicular crashes who sus-
tained complicated mild injuries. Fac-
tors closely related to MDD when con-
sidered individually include age; sex;
cocaine intoxication; lifetime alcohol de-
pendence; and preinjury history of de-
pression, PTSD, or other mental health
diagnosis. Independent predictors of
MDD in the multivariate models
(TABLE 2) were age and preinjury de-
pression for both the full sample and the
sample that excluded those depressed at
injury. Lifetime alcohol dependence was
independentlyassociatedwithMDDonly
in the full sample model, and sex was as-
sociated with MDD only in the sample
not depressed at injury. FIGURE 3 and
eFigures 3 through 5 display the cu-
mulative rate of MDD depending on
history of depression, PTSD, alcohol de-
pendence, and other mental health di-
agnosis. The group with preinjury his-
tory of depression comprised those with
a history of depression diagnosis (n=61,
41%); a history of suicide attempt
(n=41, 28%); or treatment for depres-
sion, including antidepressants (n=121,
81%), inpatient treatment (n=17, 11%),

Table 1. Demographic and Injury Characteristics of Participants (N = 559) According to
Depression Statusa

Variable
MDD−

(n = 262)
MDD�

(n = 297)
MDD,
%b

Log-Binomial Regression

RR (95% CI) P Valuec

Age, y
18-29 83 92 52.6 1 [Reference] �.001
30-44 46 103 69.1 1.31 (1.10-1.57) .002
45-59 64 71 52.6 1.00 (0.81-1.24) �.99
�60 69 31 31.0 0.59 (0.43-0.82) .001

Sex
Male 205 195 48.8 1 [Reference] .001
Female 57 102 64.2 1.32 (1.13-1.53) .001

Race
Non-Hispanic white 232 245 51.4 1 [Reference] .25
Hispanic or Latino 10 14 58.3 1.14 (0.80-1.61) .48
Non-Hispanic African American 10 19 65.5 1.28 (0.97-1.68) .09
Asian/Pacific Islander 7 10 58.8 1.15 (0.76-1.72) .51
Other 3 9 75.0 1.46 (1.04-2.05) .03

Education
�High school 19 39 67.2 1 [Reference] .01
High school or more 241 258 51.7 0.77 (0.63-0.94) .01

Marital status
Never married 99 130 56.8 1 [Reference] .15
Married 112 103 47.9 0.84 (0.71-1.01) .06
Divorced/separated/widowed 51 64 55.7 0.98 (0.80-1.20) .85

Insurance
Commercial or private 155 161 50.9 1 [Reference] .01
Medicaid 54 99 64.7 1.27 (1.08-1.49) .003
Medicare 53 37 41.1 0.81 (0.62-1.06) .12

Cause of injury
Fall 97 87 47.3 1 [Reference] .01
Vehicular 113 149 56.9 1.20 (1.00-1.45) .05
Violence 22 41 65.1 1.38 (1.09-1.74) .008
Other/recreational 30 20 40.0 0.85 (0.58-1.23) .38

Glasgow Coma Scale score
Complicated mild (13-15) 140 151 51.9 1 [Reference] .55
Moderate (9-12) 62 66 51.6 0.99 (0.81-1.22) .95
Severe (3-8) 60 80 57.1 1.10 (0.92-1.32) .30

Cortical contusions
No 179 216 54.7 1 [Reference] .30
Yes 81 80 49.7 0.91 (0.76-1.09) .30

Intracerebral hemorrhage
No 79 95 54.6 1 [Reference] .66
Yes 181 201 52.6 0.96 (0.82-1.14) .66

Injury score, excluding head
0 75 78 51.0 1 [Reference] .38
1-2 94 98 51.0 1.00 (0.81-1.23) .99
3-5 91 121 57.1 1.12 (0.92-1.36) .26

Length of hospital stay, d
0-3 81 87 51.8 1 [Reference] .98
4-7 56 66 54.1 1.05 (0.84-1.30) .70
8-14 60 70 53.8 1.04 (0.84-1.29) .72
�15 63 73 53.7 1.04 (0.84-1.28) .74

Cocaine intoxication
No 199 207 51.0 1 [Reference] �.001
Yes 7 34 82.9 1.63 (1.37-1.93) �.001

Methamphetamine intoxication
No 197 218 52.5 1 [Reference] .009
Yes 9 23 71.9 1.37 (1.08-1.73) .009

(continued)
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or outpatient counseling (n=52, 35%).
Patients with TBI with or without these
comorbid conditions appeared to be at
risk of MDD throughout the 12 months.

Comorbid Anxiety
Major depressive disorder was associ-
ated with increased risk of meeting cri-
teria for post-TBI panic disorder (27%

vs 1%; RR=23.82; 95% confidence in-
terval [CI], 7.62-74.50) and other anxi-
ety disorder (54% vs 6%; RR=8.82; 95%
CI, 5.42-14.35) (eTable 1). Those with
MDD were more likely to report any co-
morbid anxiety disorders after TBI than
those without MDD (60% vs 7%; RR,
8.77; 95% CI, 5.56-13.83).

Mental Health Treatment

Individuals with MDD were more likely
to receive antidepressants (41% vs 18%;
RR=2.26; 95% CI, 1.67-3.05) and coun-
seling (20% vs 5%; RR=3.92; 95% CI,
2.20-7.00) during the year after TBI
compared with those without MDD
(excluding participants in the treat-
ment trial) (eTable 1). Only 44% of
those with MDD received antidepres-
sants or counseling.

Health-Related Quality of Life
and Role Impairment at 12 Months

Major depressive disorder within the
first year after TBI was associated with
greater problems with mobility, usual
activities, and pain/discomfort and
greater difficulty with role function-
ing at 12 months after TBI, after con-
trolling for MDD-related risk factors
(eTable 2).

COMMENT
The 1-year cumulative rate of MDD in
this study sample is 7.9-times greater
than would be expected in the general
population (53.1% in our cohort vs
6.7% in the general population).26 Pre-
vious high-quality studies may have un-
derestimated the rates of MDD during
the first year after TBI by reporting rates
in the 12% to 42.3% range.7,27,28 Our rate
estimate may be higher because we con-
ducted frequent assessments and were
able to capture the cases with tran-
sient (1-month) major depressive epi-
sodes. In addition, the sample was
characterized by high rates of depres-
sion-related risk factors such as alco-
hol dependence and other preinjury
mental health diagnoses. Neverthe-
less, because of incomplete data at each
assessment time point, the rate and de-
pression duration estimates are likely
conservative.

Figure 2. Rate and Cumulative Rate of Major Depression Depending on Time Since
Traumatic Brain Injury (N=559)
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were assessed at each time. Error bars indicate 95% confidence intervals.

Table 1. Demographic and Injury Characteristics of Participants (N = 559) According to
Depression Statusa (continued)

Variable
MDD−

(n = 262)
MDD�

(n = 297)
MDD,
%b

Log-Binomial Regression

RR (95% CI) P Valuec

Alcohol level, mg/dL
0 136 166 55.0 1 [Reference] .25
1-79 22 15 40.5 0.74 (0.49-1.10) .14
�79 104 116 52.7 0.96 (0.82-1.13) .61

Depression history
No history of depression 191 130 40.5 1 [Reference] �.001
Preinjury history of depression,

not at injury
47 103 68.7 1.70 (1.43-2.01) �.001

Depressed at injury 24 64 72.7 1.80 (1.49-2.16) �.001
PTSD history

No 251 256 50.5 1 [Reference] �.001
Yes 7 29 80.6 1.60 (1.33-1.91) �.001

Other mental health diagnosis historyd

No 250 241 49.1 1 [Reference] �.001
Yes 9 52 85.2 1.74 (1.51-1.99) �.001

Lifetime alcohol dependence
CAGE score 0-1 153 125 45.0 1 [Reference] �.001
CAGE score �2 58 133 69.6 1.55 (1.32-1.82) �.001

Litigation related to TBI
No 166 181 52.2 1 [Reference] .02
Yes 29 55 65.5 1.26 (1.04-1.51) .02

Abbreviations: CAGE, cut down, annoyed, guilty, eye opener—a screening questionnaire for potential alcoholism; CI, con-
fidence interval; MDD−/�, negative or positive for major depressive disorder; PTSD, posttraumatic stress disorder; RR,
risk ratio; TBI, traumatic brain injury.

aPatients were counted in the MDD� group if they met the criteria at any interview (53.1% of 559 participants).
bPercentage with MDD within each variable category.
cAll results in this table are from univariate analyses. The P value in the row for the reference level reflects an overall differ-

ence among the levels of the variable. The P value for each nonreference level refers to the RR comparing that level with
the reference level. P values �.001 are significant after adjusting for the 45 comparisons within the table using the Bon-
ferroni correction.

dOther mental health diagnoses included bipolar disorder or manic depression, generalized anxiety disorder, panic disor-
der, obsessive-compulsive disorder, any phobia, schizophrenia, schizoaffective disorder, or any psychotic disorder.
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Our data indicate that 15.7% of the
sample were depressed at the time of in-
jury and that 26.8% had a preinjury his-
tory of depression but were not de-
pressed when injured. Of the total
sample, 11.4% had a major depressive
episode both at injury and after the in-
jury, 18.4% experienced a recurrence of
major depression after the injury, and
23.3% experienced MDD for the first
time after the injury. Only 46.9% did not
experience MDD in the year after in-
jury. Preinjury depression and depres-
sion at the time of injury heralded higher
post-TBI rates of MDD compared with
those with no depression history. Nev-
ertheless, by 12 months, 41% of those
with no preinjury depression history also
had an episode of MDD. High rates of
preinjury depression in this and other
samples7,29 compared with the lifetime
prevalence of MDD in the general popu-
lation (16.2%)30 is consistent with the no-
tion that depression is a risk factor for
TBI.29 Our estimate of preinjury depres-
sion may be higher than other studies be-
cause we included prior antidepressant
treatment, prior psychotherapy for de-
pression, and history of suicide attempt
as indicators of depression history.

Several features of MDD after TBI are
pertinent to future detection and treat-
ment efforts. About half of the pa-
tients who became depressed were iden-
ti f ied by 3 months. These data
contradict the theory that poor aware-
ness of impairment precludes depres-
sive reactions during the first 6 months
after injury31 and suggest a window of
opportunity for early identification and
treatment or prevention efforts. Nev-
ertheless, TBI survivors remained at risk
of MDD throughout the first year re-
gardless of preinjury depression his-
tory. Risk of post-TBI MDD probably
persists beyond 1 year since the curves
(Figure 3, eFigures 3 through 5) do not
seem to level off by 12 months. In 27%
of cases, MDD lasted only 1 month and
may not have required treatment. De-
pression after TBI was complicated by
a history of substance abuse disorders
and PTSD as well as co-occurring anxi-
ety, conditions that can limit the effi-
cacy of antidepressants.32

Multivariate risk factors for MDD fol-
lowing TBI were similar to those for pri-
mary MDD in the general popula-
tion.33 History of depression around the
time of injury and history of depres-
sion prior to that time were the stron-
gest predictors of post-TBI depres-
sion. These data contradict theories that
history of psychiatric disorder is either
unrelated to28 or inversely related to

MDD following TBI.4 The relationship
of alcohol dependence to both TBI34,35

and depression merits particular atten-
tion as a potentially modifiable risk fac-
tor. We did not find a relationship be-
tween injury characteristics and rate of
MDD. Severity of TBI as a predictor of
MDD has been controversial.13 Other
biological markers, such as the apoli-
poprotein E ε4 allele, neurotransmit-

Table 2. Multivariate Model Predicting Major Depression

Variablea

Full Sample
(n = 559)

Newly Depressed Sample
(n = 471)b

RR (95% CI) P Valuec RR (95% CI) P Valuec

Age, y
18-29 1 [Reference] �.001 1 [Reference] �.001

30-44 1.15 (0.99-1.34) .07 1.18 (0.98-1.43) .07

45-59 0.95 (0.79-1.15) .63 0.82 (0.67-1.02) .07

�60 0.61 (0.44-0.83) .002 0.65 (0.48-0.88) .005

Sex
Male 1 [Reference] �.001

Female 1.27 (1.07-1.52) �.001

Depression history
No history of depression 1 [Reference] �.001 1 [Reference] �.001

Preinjury history of depression,
not at injury

1.54 (1.31-1.82) �.001 1.44 (1.23-1.68) �.001

Depressed at injury 1.62 (1.37-1.91) �.001

Lifetime alcohol dependence
CAGE score 0-1 1 [Reference] �.001

CAGE score �2 1.34 (1.14-1.57) �.001
Abbreviations: CAGE, cut down, annoyed, guilty, eye opener—a screening questionnaire for potential alcoholism; CI, con-

fidence interval; RR, risk ratio.
aThese models are the result of stepwise regression starting with all the variables in Table 1; nonsignificant variables have

been removed, leaving the independent predictors shown in the table.
bThe newly depressed sample consists only of those patients who were not depressed at the time of injury.
cThe P value in the row for the reference level reflects an overall difference among the levels of the variable. The P value for

each nonreference level refers to the RR comparing that level with the reference level. P values �.003 are significant after
adjusting for the 14 comparisons within the table using the Bonferroni correction.

Figure 3. Cumulative Rate of Major Depression After Traumatic Brain Injury as a Function of
Depression History (N=559)
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There were significant differences in depression rates between groups as shown in Table 1. Error bars indicate
95% confidence intervals.
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ter and neuroendocrine changes, ge-
netic polymorphisms, and psychosocial
risk factors, merit further study.35

Depression after TBI was associated
with comorbid anxiety and poorer func-
tional outcomes in multiple domains 1
year after injury. After we controlled for
all variables associated with depression
after TBI, MDD remained a significant
predictor of poorer self-reported health
and lower quality of life. These results
are correlational; therefore, causality
cannot be inferred. Prior research has
linked post-TBI depression with a host
of poorer subjective and objective out-
comes.5-7 Effective depression treat-
ment may reduce disability,36 and this
hypothesis deserves further research.

Depression was undertreated in the
study sample. Moreover, based on re-
search in primary care settings, we
suspect that an even smaller proportion
received guideline-level depression treat-
ment.37 The dearth of rigorous pharma-
cotherapy and psychotherapy trials likely
contributes to the inadequate treat-
ment of MDD after TBI. Only 1 nega-
tive but underpowered class I antide-
pressant (sertraline) treatment trial has
been published.38 A randomized placebo-
controlled depression prevention trial
found that 50 mg of sertraline daily for
3 months after TBI resulted in signifi-
cantly lower depression severity in the
treated group vs controls at the end of
the trial but not beyond.39

Psychotherapy was especially under-
used inour sample,possiblydue topoor
access to counseling. A trial of proactive
telephonecounselinghasdemonstrated
thatpatientsreceivingtreatmentreported
less depressive symptomatology 1 year
afterTBIcomparedwithcontrols receiv-
ingusual care.40 Additionally, survey re-
searchindicatesthat individualswithTBI
favor counseling and physical exercise
overotherdepressiontreatmentmodali-
ties.41 In-person or telephone counsel-
ingwaspreferredoverInternet-delivered
depression treatment.

Characteristics and comorbidities of
TBI-related depression may influence
treatment efficacy.35 For example, ex-
ecutive dysfunction, which is common
following TBI, predicts poor response to

selective serotonin reuptake inhibitors
in non-TBI samples.42 Cognitive impair-
ments may affect the feasibility and ef-
ficacy of standard psychotherapeutic in-
terventions. Integrated medical and
psychosocial interventions, including
substance abuse interventions, might be
required to produce satisfactory out-
comes.

Systematic integrationofmentalhealth
services into standard care of patients
with TBI may be needed to improve long-
term outcomes after TBI. Within inpa-
tient rehabilitation, integrated clinical
pathways can be used to organize early
identification, risk assessment, diagno-
sis, and guideline-driven treatment of
MDD.43 Systematic depression screen-
ing and stepped-care treatment proto-
cols should be integrated into routine
outpatient care. For those without or be-
yond routine follow-up, novel case-
finding programs may be useful, possi-
bly via scheduled telephone contacts,44

Internet-based screening45 or other tech-
nology-assisted methods.46 The man-
ner in which substance abuse treat-
ment has been integrated into trauma
care47 and depression treatment inte-
grated into primary care48 may provide
models of how to incorporate depres-
sion treatment into TBI care.

Several study limitations should be
highlighted. First, the presence or ab-
sence of MDD was based on structured
telephone interviews using the PHQ-9,
not more traditional diagnostic inter-
views such as the SCID. Nevertheless, we
have reported excellent interrater reli-
ability and good diagnostic sensitivity
and specificity when comparing the
PHQ-9 with the SCID in individuals with
TBI.20 Caution should be exercised com-
paring these resultswith studies thathave
used other diagnostic approaches.

Next, the study was conducted at a
single level I trauma center serving the
northwestern United States. The pa-
tient population was characterized by
high rates of Medicaid recipients and
somewhat limited ethnic/racial diver-
sity. The results of this study may not
be generalizable to other regions or
populations with different socioeco-
nomic or ethnic/racial characteristics.

The recruitment rate for this study was
52%. While this rate seems low, other
widely referenced prevalence studies
were based on convenience or referral
samples or did not report recruitment
rates and did not assess selection bias.13

Trauma patients, especially persons with
TBI, are difficult to recruit and follow
up,49 resulting in unrepresentative
samples. Our study sample was compa-
rable with the nonrecruited group on
most dimensions, although they were
younger, more likely to have com-
pleted high school, and less likely to have
Medicare insurance.

We found no differences in rates of
MDD among those with complicated
mild, moderate, or severe TBI. How-
ever, caution is advised extrapolating
these results to persons with uncom-
plicated mild TBI, who constitute the
majority of those who sustain TBI.1 Al-
though a significant number of such pa-
tients seek medical attention, ad-
equate information about rates of
complicated recoveries is lacking and
deserves future research.

In conclusion, MDD after TBI is highly
prevalent and associated with in-
creased comorbidity and disability. Be-
cause MDD after TBI is an invisible dis-
order within an often invisible injury,
aggressive efforts are needed to educate
clinicians about the importance of MDD
in this population, to promote inte-
grated systems of detection and mul-
tidisciplinary care, and to conduct in-
tervention studies aimed at overcoming
multiple barriers to effective treatment.
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