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Althoughmajor depressive disorder (MDD) and posttraumatic stress disorder (PTSD) are prevalent after traumatic brain injury (TBI),
little is knownaboutwhichpatients are at risk for developing them. The authors systematically reviewed the literatureonpredictors
and multivariable models for MDD and PTSD after TBI. The authors included 26 observational studies. MDD was associated with
female gender, preinjury depression, postinjury unemployment, and lower brain volume, whereas PTSD was related to shorter
posttraumatic amnesia, memory of the traumatic event, and early posttraumatic symptoms. Risk of bias ratings for most studies
were acceptable, although studies that developed a multivariable model suffered from methodological shortcomings.
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Traumatic brain injury (TBI), which is defined as “an alter-
ation in brain function, or other evidence of brain pathology,
caused by an external force,”1 comprises a serious public health
concernwith 262 per 100,000 patients admitted to the hospital
each year.2 A substantial percentage of TBI patients develops
psychiatric disorders in the first year postinjury,3,4 among
which major depressive disorder (MDD) and posttraumatic
stress disorder (PTSD) are the most frequently reported.4–7

MDD and PTSD after TBI are associated with functional
impairments3,8,9 and a decrease in health-related quality of
life.9 They subsequently interfere with rehabilitative inter-
ventions and negatively affect recovery from TBI.3 Moreover,
they are associated with high direct and indirect costs,10–12

resulting in a tremendous individual and societal burden.
Although the significance of MDD and PTSD after TBI is

well established, the literature yields limited information
about which patients are at risk of developing these psychi-
atric conditions. This knowledge could be used toflag patients
whomight benefit from additional monitoring or (preventive)
therapeutic interventions, which have shown to be effec-
tive in people at risk for MDD and PTSD.13–15 Multivariable
models, which combine a number of characteristics to predict
MDD or PTSD, might be particularly useful for this purpose.

To our knowledge, there is currently one systematic re-
view assessing psychological and psychosocial predictors of
PTSD.16 The authors found that comorbid depression and
anxiety, acute stress disorder (ASD), psychological processes
(coping styles and attribution), and psychosocial variables
(role impairment and reintegration) were associated with

PTSD post-TBI.16 The authors, however, included all factors
associated with PTSD rather than factors predicting PTSD.
It is therefore unclear whether these specific factors pre-
dicted PTSD or were predicted by PTSD. Moreover, they
included self-reportedmeasurements to diagnose PTSD. Self-
reported measurements might not be reliable in a TBI pop-
ulation because of overlap between psychiatric symptoms and
TBI symptoms (e.g., anxiety, irritability, fatigue), memory
deficits, low self-awareness, attention problems, and evidence
that TBI patients tend to underestimate their problems.17–22

Structured diagnostic interviews, such as the Structured
Clinical Interview for Diagnostic and Statistical Manual of
Mental Disorders (SCID), constitute a better alternative, be-
cause these interviews distinguish psychopathology symptoms
from TBI symptoms and are less influenced by TBI-related
problems such as memory deficits.18

The objective of this systematic review and meta-analysis
was to examine univariable predictors of and multivariable
models for MDD and PTSD following TBI using structured
diagnostic interviews.

MATERIALS AND METHODS

Information Sources
We conducted a comprehensive literature search until Oc-
tober 2016. The search strategywas developed in consultation
with a search expert using a combination of subheadings
and text words (see the data supplement accompanying the
online version of this article). The following databases were
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searched: EMBASE, MEDLINE, Cochrane Central, PubMed,
PsycINFO, and Google Scholar. Reference lists and citation
indices of included papers and relevant reviews were further
inspected to identify any additional publications. The search
strategy was restricted to studies published in peer-reviewed
English-language journals.Wedid not use any date restrictions.

Study Selection
We selected studies examining univariable predictors of or
multivariablemodels forMDD and PTSD after TBI.We used
the following inclusion and exclusion criteria to determine
eligibility of a study.

Participants. The participants were civilian adults (age $16
years) who sustained TBI. TBI was defined as “an alteration
in brain function or other evidence of brain pathology, caused
by an external force.”1 We included patients with mild, mod-
erate, and severe TBI (as defined by the study authors). We
excluded military patients because there are major differences
between military and civilian TBI. In the military, approxi-
mately 75% of the TBIs involve blast exposures,23 which may
have unique injury mechanisms.24 In addition, mental health
symptoms aremore prevalent in themilitary than in civilians,25

which might also be due to other causes than the sustained TBI.

Outcome measurement. MDD and PTSD were diagnosed
according to the Diagnostic and Statistical Manual of Mental
Disorders (DSM) or International Classification of Diseases
(ICD) classification systems. We restricted our inclusion
criteria to studies that used a structured diagnostic interview
to diagnose MDD and PTSD, because structured diagnostic
interviews are regarded as the gold standard in diagnosing
psychopathology19 and better distinguish psychiatric symp-
toms from TBI symptoms. Moreover, structured diagnostic
interviews are less influenced by potential memory deficits,
low self-awareness, and over- or underestimation by TBI
patients. In addition,with respect to PTSD, clinical interviews
can be used to specifically anchor the interview to the event
during which the patient was injured.26

Predictors. We selected studies that examined at least one
predictor of or multivariable model for MDD or PTSD after
TBI. To be included, studies had to report at least one of
the following: (1) baseline differences in predictors be-
tween patients diagnosed with MDD or PTSD (MDD1 and
PTSD1) and patients not diagnosed with MDD or PTSD
(MDD2 and PTSD2; i.e., means and standard deviations for
continuous predictors and number of patients for categorical
predictors); (2) descriptive statistics (e.g., results from t test,
chi-square test, p values); or (3) statistics from the multi-
variable model (e.g., odds ratio, area under the curve [AUC],
Nagelkerke R2). To be included as a predictor, these factors
must have preceded the diagnosis of MDD or PTSD. Preceding
was defined as either (1) being measured earlier than the psy-
chiatric diagnosis (in prospective studies) or (2) obviously pre-
ceding the diagnosis of MDD or PTSD such as gender, age, and

computed tomography (CT) abnormalities (in retrospective,
cross-sectional and case-control studies). Multivariable models
were defined as models that combined at least two factors to
predict a clinical outcome,27,28 in our case, MDD or PTSD.

Study design. We included retrospective and prospective co-
hort studies, cross-sectional studies, and case-control studies.

Data Extraction and Assessment of Risk of Bias
One author (M.C.C. or A.C.S.) screened citations on the title
and abstract, and then again on full text, excluding those that
did notmeet the inclusion criteria. Any doubts were resolved
by consulting a senior member of the team (J.H. or S.P.).
As an audit of performance, a random 20% of the full-text
screening was repeated by the other reviewer (M.C.C. or
A.C.S.), and concordance rates were calculated accordingly.
The search process was documented according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flowchart.29

We developed a data extraction form on the basis of the
Critical Appraisal and Data Extraction for Systematic Reviews
of Prediction Modeling Studies checklist30 and subsequently
extracted information on type of prediction modeling study,
target population, participants, outcome measurements, can-
didate predictors, sample size, handling of missing values, and
model development methods. We additionally extracted base-
line information on univariable associations between predic-
tors and outcome by collecting means and standard deviations
(SD) for MDD1/PTSD1 and MDD–/PTSD– groups (contin-
uous predictors) or number of patients with and without the
predictor in MDD1/PTSD1 and MDD–/PTSD– groups (cat-
egorical predictors). We further extracted univariable and
multivariable statistics and effect measurements, if available.

Risk of bias, which refers to the risk of systematic errors
that may result in the over- or underestimation of effects,31

was assessed using the Quality in Prognostic Studies (QUIPS)
risk-of-bias tool. The QUIPS has been recommended by the
Cochrane Prognosis Methods Groups and has acceptable
interrater reliability.32 We included information on the fol-
lowing domains: study participation, study attrition, prognostic
factor measurement, outcome measurement, study confound-
ing, and statistical analysis and presentation. Each domain was
subsequently rated as “low,” “moderate,” or “high” risk of bias.
A domain obtained the score “low risk” if all individual items of
the domain were rated as “low risk.” A domain was rated as
“moderate risk” if at least one and a maximum of 50% of the
items implied a high risk of bias or an unknown risk of bias, and
a study received a score of high risk if .50% of the items
implied a high risk of bias or an unknown risk of bias.

We applied a quality threshold for study inclusion in the
meta-analyses; that is, studies were omitted from the meta-
analyses if they obtained a high score on at least two out of
the following QUIPS domains: study participation, study
attrition, prognostic factor measurement, outcome mea-
surement, and statistical analysis and presentation. Such a
strategy is recommended by Cochrane.33We did not include
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study confounding as a criterion because we aimed to per-
form a meta-analysis with univariable predictors. Studies
were additionally excluded from the meta-analyses if they
included fewer than 20 patients. The data extraction and risk
of bias were done independently by one author (M.C.C.),
with the data and decisions checked by a second author
(A.C.S.). Any discrepancies were resolved by discussion with
a senior member of the team (S.P.).

Data Synthesis
We performed meta-analyses of univariable predictors of
MDD and PTSD. Predictors were included in the meta-
analysis if univariable data (mean (SD) or numbers in MDD1/
PTSD1 and MDD2/PTSD2 groups) were reported in two
or more studies measuring the same predictor. Studies were
excluded from the meta-analyses if they measured the pre-
dictor differently from other studies (e.g., age dichotomized
into two age groups instead of continuous), if they obtained a
high risk of bias on at least two QUIPS domains (excluding
confounding) of if they included less than 20 patients. If a
study assessed predictors for multiple time points or multiple
outcomes (e.g., chronic depression, late onset depression, and
recovered depression) scoreswere combined, or if thiswas not
possible, the time point or outcome that was closest to that in
the other studies in the same meta-analysis was chosen. We
used ReviewManager (Revman, version 5.3)34 to perform the
meta-analyses. All tests were two-sided, and a p value of 0.05
was considered statistically significant. We used the Mantel-
Haenszel statistic for categorical predictors because this
method is recommended by Cochrane31 and the inverse vari-
ance to analyze continuous predictors because this is not
possible with the Mantal-Haenszel statistic. For all analyses,
random effect models were used because we expected het-
erogeneity in time span and measurements. For dichotomous
predictors, we reported the pooled odds ratio (pOR) and
confidence interval (CI), and for continuous predictors, we
reported the pooled mean difference (pMD) and CI. Hetero-
geneity was determined using I2 and was defined as high
when I2 was $50% (substantial heterogeneity according to
Cochrane31). In that case, pooled results should not be calcu-
lated, or at the very least, should be interpreted with caution.

Becausewe included studies using theDSM-IV, DSM-III, or
ICD-10 criteria, we may have introduced heterogeneity in the
association between predictor and the diagnosis of MDD or
PTSD.We therefore performed sensitivity analyses inwhichwe
excluded studies using criteria other than those of the DSM-IV.

Predictors that were reported in at least two studies, but
not included in the meta-analyses, were narratively de-
scribed. Multivariable models of MDD and PTSD were
narratively described by comparing model performance
(e.g., AUC/Nagelkerke R2/calibration) and methods (e.g.,
number of candidate predictors).

Multiple Publications
Multiple publications were dealt with by selecting one main
study on the basis of the following criteria: (1) the study that

uses multivariable analyses; (2) the study with the largest
number of patients included; and (3) the study with the
largest number of predictors. If a second paper was written
on the basis of the same data as the “main study” but men-
tioned any new predictors, only the information on these
new predictors was extracted from the study.

RESULTS

Study Selection
A total of 9,695 citations were identified through the elec-
tronic search strategy (Figure 1). After removing duplicates,
6,291 were screened on title and abstract, and 5,966 citations
were excluded. We obtained 325 citations in full text, of
which 295 were subsequently excluded. The most common
reason for exclusion was using self-reported measurements
instead of a structured diagnostic interview (N5144). The
20% audit on full-text screening obtained a concordance rate
of 100% between two review authors. Five additional cita-
tions were found via reference lists and citation indices. We
included 26 studies (reported in 36 publications) in the
narrative synthesis. Of these, 14 studies were included in the
meta-analyses.

Study Characteristics
Of the 26 studies included, the majority (N517) were pro-
spective cohort studies.19,26,35–49 Four studies used a retro-
spective cohort design,50–53 three a cross-sectional design,54–56

and two were case-control studies.5,57 Studies were published
between 1992 and 2016 and were conducted all over the globe,
but mainly in high-income countries such as the United States
(N57) and Australia (N55). Patients were recruited from
general hospitals in themajority of studies (N59). Other studies
included self-identified TBI patients (N53), patients admit-
ted to a trauma center (N54) or ICU (N51), and patients in
the postacute phase in a rehabilitation unit (N53) or
neuropsychological/neurocognitive TBI clinic (N56). The
large majority of studies derived their patients from a single
center (N520).

Forty-two percent (N511) included patients with mild,
moderate, and severe TBI. The diagnosis ofMDD/PTSDwas
determined according to the DSM-IV criteria in the large
majority of studies (N520). Five studies used the DSM-III
criteria36,38,39,46,51 and one study the ICD-10 criteria of
MDD/PTSD.40

Fourteen studies examined predictors of
MDD,5,19,36,40–42,44–46,51,52,55–57 nine studies examined
predictors of PTSD,35,37–39,47–50,53 and three studies exam-
ined both.26,43,54 Nine studies included multiple predictors
in a multivariable model to predict MDD (N55), PTSD
(N53), or both (N51).

Studies included on average 125 patients (range: 16–404).
Studies that assessed predictors of MDD included on aver-
age 26 patients (range: 9–65) with MDD (“cases”) and 83
patients without MDD. Studies that assessed predictors of
PTSD included on average 32 patients (range: 7–127) with
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PTSD (“cases”) and 142 patients without PTSD. The ma-
jority of studies included predominately male patients with a
mean age between 30 and 40 years. Motor vehicle accidents
(MVA) were the most reported cause of injury.

Most predictors were measured during emergency de-
partment visits or very soon after discharge. Outcome was
measured between 1 month and 6 years postinjury with the
majority of studies measuring MDD/PTSD between 3 months
and 1 year postinjury (Table 1).

Risk of Bias of the Studies
Themajority of studies (N518)5,19,26,36,38,40,41,43,46–49,51,53,55–58

were scored as high risk of bias for study confounding because
they assessed only the effect of predictors in univariable
analyses. It is therefore unknown whether the effect of the
predictor is independent of other factors. Because we sought
to perform a meta-analysis with univariable data, we did not
exclude any studies on the basis of a high risk of study con-
founding from the meta-analysis.

Except for the high risk of study confounding, method-
ological quality of the included studies was acceptable
(Table 2). Study participation19,43,55 and attrition40,46,53

were rated at high risk of bias in three studies. Additionally,
one study was judged at high risk of bias for prognostic
factor measurement5 and outcome measurement,53 and six
studies were rated at high risk of bias on statistical analysis

and reporting.5,42,47,49,50,53 Three studies5,49,53 were rated
at high risk on two out of five (excluding study confounding)
domains and were therefore omitted from the meta-analyses.
Two other studies46,55 included fewer than 20 patients and
were therefore also excluded from the meta-analyses.

Meta-Analyses of Univariable Predictors
The included studies examined a total of 112 predictors of
MDD and 59 predictors of PTSD (Figure 2). Age and gender
were most often assessed. The majority of predictors were
assessed in only one study. Consequently, only 18 and six
predictors were included in the meta-analyses for MDD
and PTSD, respectively (Table 3; also see the online data
supplement).

We found a significant association between the develop-
ment of MDD and female gender (pOR 1.72, 95% CI51.19 to
2.48, I2510%; eight studies). Additionally, patients with a
preinjury depression had higher odds on developing MDD
postinjury than did patients without a history of depression
(pOR 3.86, 95% CI52.26 to 6.59, I250%; five studies). Also,
patients who were unemployed after sustaining TBI had
higher odds on developing MDD later on than did the
employed patients (pOR 2.04, 95% CI51.10 to 3.79, I259%;
three studies). We further found that patients with a higher
admission Glasgow Coma Scale (GCS), which refers roughly
to moderate TBI versus severe TBI in these studies, had a

FIGURE 1. PRISMA Flowchart of the Selection Processa
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higher risk on developing MDD (pMD50.49, 95% CI50.02
to 0.97, I250%). This was, however, only assessed in two
studies, and we did not find a significant association between
GCS after 24 hours and MDD (pMD50.13, 95%C5–1.29 to
1.56, I2542%; two studies). The association between the
other predictors and MDD were all nonsignificant.

PTSD was significantly associated with a shorter post-
traumatic amnesia ([PTA]; pMD5–8.07, 95% CI5–15.46 to
–0.69, I2533%; three studies) and a memory of the trau-
matic event (pOR 5.15, 95% CI52.37 to 11.21, I250%; two
studies). We did not find a significant association between

the remainder of predictors and PTSD. Sensitivity analyses
with only those studies using the DSM-IV criteria did not
result in any differences (see the online data supplement).

Narrative Synthesis of Univariable Predictors
For MDD, five out of six studies in the narrative synthesis
did not find an association between the development of
MDD and age5,40,43,46,52,55 and none of the studies reported
a significant association with any other demographic factors
and MDD (gender, education, marital status, income [also
see the online data supplement]).5,19,43,52,55–57,59 For preinjury

TABLE 2. Risk of Bias Assessmenta

Study
Study

Participation
Study

Attrition
Prognostic Factor
Measurement

Outcome
Measurement

Study
Confounding

Statistical Analyses
and Presentation

Alway et al.37 Moderate Moderate Low Low Low Low
Ashman et al.54 Moderate Moderate Moderate Low Low Moderate
Barker-Collo et al.48 Moderate Moderate Low Low High Low
Bryant and Harvey38 Low Low Low Low High Low
Bryant et al.39 Low Moderate Low Low High Low
Caspi et al.50 Low Moderate Low Low Low High
Deb and Burns40 Low High Low Moderate High Low
Diaz et al.41 Low Low Low Low High Low
Federoff et al.83 Low Low Low Low High Low
Gil et al.35 Low Moderate Low Low Low Low
Gould et al.42 Low Moderate Low Low Low High
Hibbard et al.43 High Moderate Moderate Low High Moderate
Jorge et al.57 Low Low Low Low High Low
Kennedy et al.19 High Moderate Low Low High Low
Koponen et al.51 Moderate Moderate Moderate Low High Low
Levin et al.44 Low Moderate Low Low Low Low
Li et al.49 Moderate Low Moderate Low High High
Mauri et al.5 Moderate Low High Low High High
O’Donnell et al.26 Low Low Low Low High Low
Rao et al.55 High Low Low Low High Moderate
Rapoport et al.45 Moderate Low Moderate Low Low Low
Rapoport et al.56 Moderate Low Moderate Low High Low
van Reekum et al.46 Moderate High Low Low High Low
Roitman et al.47 Moderate Low Moderate Low High High
Turnbull et al.53 Moderate High Moderate High High High
Whelan-Goodinson et al.52 Moderate Low Low Low Moderate Moderate

a The table presents risk of bias assessment according to the Quality in Prognostic Studies tool.

FIGURE 2. Frequency of Predictors of Major Depressive Disorder (MDD) and Posttraumatic Stress Disorder (PTSD) Following Traumatic
Brain Injury (TBI)a
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a The figure shows how frequent predictors were studied across the included studies. For example, for MDD, one predictor (age) is studied in
14 studies, and one predictor (gender) is studied in 13 studies. The majority of predictors (e.g., MRI abnormalities) were assessed in one study.
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variables, patients with a history of psychiatric disorders had a
significantly higher risk of developing MDD.42,57,60 We did not
find an association between preinjury substance and alcohol
abuse,36,42,56 preinjury unemployment,52,56 family history
of psychiatric disorders,56,57 preinjury TBI,17,56 or mecha-
nism of injury andMDD.19,45,56 For clinical variables, we did
not find an association among GCS,19,36,43,46,57 PTA,51,52,56

and MDD. Bodily injuries were associated with MDD in one
out of three studies.42,52,56

Three studies analyzed the association between imaging
variables and MDD.55,57,61 Jorge et al.57 found that the per-
centage of graymatter in the left lateral frontal cortex and the
percentage of gray matter at the left inferior frontal gyrus on
magnetic resonance imaging were higher in patients who
developed MDD. The influence of brain volume was assessed
in two studies that consistently found that a lower brain
volume was associated with the development of MDD.55,61

Early postinjury anxiety and depression were assessed in two
studies.26,42 One study found that early postinjury depression,
measured with the SCID, was associated with postinjury
MDD and did not found an association between early post-
injury anxiety and MDD.42 Another study reported that the
Hospital Anxiety and Depression Survey was significantly
associated with MDD (AUC 0.72, p,0.01).26 This study

additionally developed a screening instrument based on
preinjury factors and postinjury irritability and concentration
problems, which was also significantly related to MDD (AUC
0.77, p,0.01).

For PTSD, demographic variables were not associated
with PTSD in the studies in the narrative synthesis, except for
one study54 that found that PTSD was more common among
women. PTSD was not associated with injury mechanism in
three studies48–50 (see the online data supplement). Also, GCS
was not associated with the development of PTSD.39,48,62 One
study reported that patients with loss of consciousness (LOC)
had higher odds on PTSD,47 whereas two other studies did not
find statistical differences.48,49 One-month PTSD symptoms or
symptoms of ASD were significantly associated with PTSD
in four studies.26,35,38,49 Bryant et al.38 studied individual
ASD symptoms and reported that the following symptoms
were associated with 6-month PTSD: helplessness, numbing,
depersonalization, recurrent images and thoughts, avoidance of
thoughts or talk, avoidance of places and people, insomnia, irri-
tability, andmotor restlessness. Postinjury anxiety and depression
were related to 6-month PTSD in one study.35 Another study
developed a screening instrument for PTSD on the basis of pre-
injury, peri-injury, and postinjury factors and reported an AUC of
0.91 (p,0.001).26

TABLE 3. Meta-Analyses of Univariable Predictors of Major Depressive Disorder (MDD) and Posttraumatic Stress Disorder (PTSD)
Following Traumatic Brain Injurya

Predictor
No. of Participants
(No. of Studies)

Pooled Effect Size Meta-Analysis
Odds Ratio (95% CI)b Heterogeneity (I2)

MDD

Age (years; MD [95% CI]) 611 (7) 1.20 (–1.96 to 4.36) 49%
Female gender 768 (8) 1.72 (1.19 to 2.48) 10%
Education (years; MD [95% CI]) 271 (4) –0.50 (–1.37 to 0.37) 43%
Caucasian race 341 (3) 1.04 (0.61 to 1.75) 0%
Marital statusc 610 (6) 1.20 (0.82 to 1.75) 0%
Socioeconomic statusd 140 (2) 0.69 (0.33 to 1.43) 0%
Preinjury depression 470 (5) 3.86 (2.26 to 6.59) 0%
Preinjury psychiatric disorders 426 (4) 1.58 (0.42 to 5.99) 87%
Preinjury alcohol abuse 244 (2) 1.49 (0.61 to 3.69) 0%
Preinjury substance abuse 244 (2) 2.02 (0.75 to 5.42) 0%
Preinjury unemployment 244 (2) 3.80 (0.34 to 42.09) 77%
Family history of psychiatric disorders 234 (2) 1.06 (0.52 to 2.14) 0%
Admission GCS (MD [95% CI]) 151 (2) 0.49 (0.02 to 0.97) 0%
24-hour GCS (MD [95% CI]) 138 (2) 0.13 (–1.29 to 1.56) 42%
CT abnormalities 259 (3) 0.70 (0.35 to 1.43) 0%
Brain contusion 101 (2) 1.78 (0.73 to 4.34) 0%
Postinjury unemployment 211 (3) 2.04 (1.10 to 3.79) 9%
Postinjury litigation situation 203 (2) 0.64 (0.16 to 2.53) 0%

PTSD

Age (years; MD [95% CI]) 717 (5) 1.02 (–1.46 to 3.49) 75%
Female gender 621 (4) 1.27 (0.83 to 1.96) 0%
Education (years; MD [95% CI]) 301 (3) 0.15 (–0.61 to 0.92) 11%
Preinjury psychiatric disorder 425 (4) 1.32 (0.63 to 2.77) 49%
PTA (MD [95% CI]) 477 (3) –8.07 (–15.46 to –0.69) 33%
Memory of the traumatic event 240 (2) 5.15 (2.37 to 11.21) 0%

a CI, confidence interval; CT, computed tomography; GCS, Glasgow Coma Scale; MD, mean difference; PTA, posttraumatic amnesia.
b Pooled odds ratio (95% CI) unless otherwise specified.
c Married/relationship versus unattached.
d Hollinghead classes IV and V versus lower.
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Narrative Synthesis of Multivariable Models
Six studies used a multivariable model to predict MDD
(Table 4). On average, models included 6.3 cases (range:
1.2–22) for every predictor in the model. None of the studies
described whether there were missing values in predictors and
if so, how they were handled. Nagelkerke R2 was calculated in
three models42,45,52 and ranged from 0.18 to 0.35. The AUC
was calculated in one study44 and indicated good discrimina-
tive ability (AUC50.86). This model included age, depressive
symptoms after one week postinjury, and computerized to-
mography results.

Four studies used a multivariable model to predict PTSD.
Models included on average 7.7 cases (range: 1.1–19) per
predictor. Again, none of the studies described how they
handled missing values in predictors. Nagelkerke R2 was
reported for two models35,50 and ranged from 0.38 to 0.42.
Both models included memory of the traumatic event and
history of psychiatric disorders. None of the multivariable
models for MDD and PTSD used internal or external vali-
dation to improve the generalizability.

DISCUSSION

This systematic review provides an overview of univariable
predictors of and multivariable models for MDD and PTSD
following TBI. We included 26 studies and found that the
development of MDD was associated with female gen-
der and a preinjury depression. Postinjury MDD might also
be associated with postinjury unemployment status, early
postinjury psychiatric symptoms, a higher GCS, and a lower
brain volume. The development of PTSD was associated
with a shorter PTA and a memory of the traumatic event. It
may also be associated with early symptoms (e.g., de-
pression, anxiety, ASD). Only a few studies used a multi-
variable model to predict MDD or PTSD, of which the
majority were of limited quality.

This systematic review included studies over the last
23 years from all over the globe and therefore provides a
complete overview of current knowledge of predictors and
multivariable models for MDD and PTSD following TBI.
Some notes should, however, be made regarding the com-
pleteness and applicability of the evidence. First, the ma-
jority of predictors were examined in only one study and
therefore were not included in our meta-analyses. For many
predictors, we consequently cannot draw firm conclusions.
A possible solution might have been to include studies with
self-reported outcome measurements, because these stud-
ies are more common and usually include more patients.
However, self-reported measurements are less reliable for
TBI patients.16–18 For example, a 2006 study found that the
diagnosis of PTSD varied from 59% to 3% when using self-
reportedmeasurements and structured diagnostic interviews,
respectively.20 ForMDD, a similar range is reported.22 In self-
reported measurements, the overlap between TBI and the
psychiatric disorder is usually not captured. For example,
focus on the memory gap following coma without great

distress could be inappropriately labeled as intrusive in a
self-reported measurement.20 Also the symptoms of sleep
problems, irritability, and concentration problems, which
might be indicative of postconcussive syndrome, might be
scored as hyperarousal symptoms in self-reported instru-
ments. Reliability of self-reported measurements might fur-
ther be hampered by memory deficits, low self-awareness,
and attention problems.17–22 This is illustrated in a 2001 case
report.63 The inclusion of self-reported measurement might
therefore have resulted in the reporting of invalid predictors,
compromising the quality of this systematic review.

A second note that could be made regarding the com-
pleteness and applicability of evidence is that only aminority
of studies used amultivariablemodel. Themajority of results
are consequently based on univariable associations. As a
consequence, we cannot exclude the possibility that some of
the associations that we found were influenced by other factors.
Also, factors that are nonsignificant in this review might com-
prise important predictors after correction for confounders.
Third, the majority of studies included patients with mild,
moderate, and severe TBI and did not stratify or correct for TBI
severity. Lastly, the majority of studies were underpowered,
which might have resulted in nonsignificant findings in the
narrative synthesis. This problem was partly captured by per-
forming meta-analyses. This was, however, only possible for
18 and six predictors of MDD and PTSD, respectively.

The risk of bias for most studies developing multivariable
models was high. Models included on average six to eight
cases for every predictor, while it is recommended to include
at least 10.64,65 Including too many predictors enhances the
risk of finding too extreme estimates (“statistical overfitting”),
limiting generalizability of findings.66 Additionally, the majority
of studies did not report how theyhandledmissingdata andhow
they selected candidate predictors. Also, none of the studies used
internal or external validation. As a consequence, none of the
multivariable models could be applied to clinical practice yet.

We found a significant association between female gender
and the likelihood of developing MDD in our meta-analysis.
This is in line with systematic reviews about gender and de-
pression in the general population; females have approxi-
mately twice as high a risk of developing major depression as
do males.67,68 However, this significant association was not
found in three studies that were not included in the meta-
analysis.43,55,56 These studies were, however, underpowered
because they included only 48, 10, and 21 cases, respectively.

MDDwas also associatedwith the presence of a preinjury
depression, which might be due to the high recurrence rates
in MDD. A large prospective study reported that up to 85%
of the patients with prior MDD developed a new MDD ep-
isode during a 15-year follow-up period.69 Recurrence of
MDD can be triggered by a stressful life event, such as a TBI,
although causation is usually multifactorial.70,71

Furthermore, MDD was more prevalent among those
reporting postinjury unemployment and early postinjury
psychiatric symptoms. This has also been shown in systematic
reviews in the general population.72,73 Unemployment can
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result in reduced social interactions and status, which may
subsequently result in depression.74

Higher-admission GCS, referring predominately to mod-
erate TBI patients in comparison with severe TBI patients,
might also be associated with higher odds of MDD. However,
we did not find an association between 24 hours GCS and
MDD and also failed to find an association between GCS as a
categorical variable and MDD in the narrative synthesis. As a
consequence, the association betweenGCS andMDDremains
uncertain.

Lastly, MDD after TBImight also be associated with lower
brain volume. This was in line with a 2012 meta-analysis
about gray matter abnormalities in MDD.75 Because this was
only assessed in two studies that used relatively low sample
sizes, these finding should be interpreted with caution.

PTSDwas more likely among patients with a shorter PTA
and those with a memory of the traumatic event. A shorter
PTA (less amnesia) and memory of the event basically mean
the same thing, and it is suggested that amnesia for the
traumatic event minimizes the establishment of cognitive
representations and so reduces the likelihood of intrusive
symptoms.50 However, one out of three studies found a sig-
nificant association between the occurrence of LOC and
PTSD, and the two studies assessing the association between
PTSD and GCS did not find a significant effect, which might
be contradictory to our findings on PTA and memory of the
event; i.e., LOC and a low GCS are usually accompanied by at
least some PTA. The difference in findings could be attribut-
able to the lack of power in individual studies in the narrative
synthesis. Future research is important in confirming the
possible association between memory of the traumatic event
and PTSD. PTSDwas further significantly associatedwith ASD
and early PTSD symptoms. Although studies could not be
pooled because of different outcomes reported, four individual
studies found a significant association between ASD or PTSD
symptoms after 1 month and PTSD after 6 or 12 months. This
was in line with a systematic review about predictors of se-
quelae in mild TBI patients76 and a review about predictors of
PTSD using self-reported outcome measurements.16

Strengths of this systematic review include the compre-
hensive search strategy, the restriction to structured di-
agnostic interviews, and the performance of meta-analyses,
which improved the statistical power. Additionally, we com-
bined results from themeta-analyses, narrative syntheses, and
multivariable models to obtain conclusions about the signifi-
cance of predictors. We thereby integrated all available sour-
ces of evidence. A limitation of the use of meta-analyses is that
there was between-studies variation in time span, TBI sever-
ity, and outcome measurement, resulting in estimates that are
difficult to interpret. Also, the use of the I2 statistic to interpret
heterogeneity in the meta-analyses could be considered a
limitation. Although the I2 statistic is the best heterogeneity
measurement available, it might be biased and not very precise
in small meta-analyses.77,78 Therefore, overlap in CIs should
also be considered when interpreting heterogeneity between
studies. A third limitation concerns our screening process,

which was conducted by one study author. We, however,
performed an audit and found a 100% concordance between
study authors, indicating that screening by two independent
reviewerswould probably not have resulted in the inclusion of
any additional studies.

The results of this systematic review imply that there is
still limited knowledge regarding which patients develop
MDD and PTSD after TBI. We therefore cannot recommend
yet which patients should receive additional follow-up or
preventive treatment and advise physicians to be aware
regarding all patients who sustained TBI. Physicians could
be extra aware regarding female patients with a preinjury
history of depression and postinjury unemployment or
psychiatric symptoms. Also, a reduction in brain volume
might indicate a risk of developing MDD postinjury. Fur-
thermore, patients with a shorter PTA, with a clear mem-
ory of the traumatic event, and with early posttraumatic
symptomsmight be at higher risk of developing PTSD post-
TBI.

More research is needed to confirm the relevance of these
predictors of MDD and PTSD after TBI and to develop a
multivariable model that could be implemented in hospitals
and rehabilitation centers. Future prognostic studies should
include a more homogenous group of TBI patients (e.g., only
those with mild TBI). It is also recommended that future
studies include a large sample size and a limited set of can-
didate predictors. Selection of candidate predictors could be
based on current review, theory, or clinical knowledge about
etiology of psychiatric disorders. Additionally, the confir-
mation of specific predictions among different patient sam-
ples is critically important to increase our knowledge about
predictors of psychiatric sequelae post-TBI.

CONCLUSIONS

Our systematic review showed that MDD after TBI was as-
sociated with female gender, preinjury depressive disorder,
postinjury unemployment, early postinjury psychiatric symp-
toms, and a lower brain volume, whereas PTSD was related to
PTA, amemory of the traumatic event, and early posttraumatic
symptoms. Currently, available multivariable models of MDD
and PTSD after TBI suffer from methodological shortcom-
ings. The findings of the current review, together with clinical
knowledge about etiology of psychiatric disorders, could form
the basis for future development of a prognostic model from a
large sample of TBI patients using solid methodology.

AUTHOR AND ARTICLE INFORMATION

From the Center for Medical Decision Making, Department of Public
Health, Erasmus Medical Center, Rotterdam, the Netherlands (MCC,
ACS, HFL, JH, EWS, SP); the Australian & New Zealand Intensive Care
Research Centre, School of Public Health and Preventive Medicine,
Monash University, Melbourne, Australia (AS); and the Cochrane Con-
sumers and Communication Review Group, Centre for Health Com-
munication and Participation, School of Psychology and Public Health,
La Trobe University, Melbourne, Australia (AS).

Send correspondence to Ms. Cnossen; e-mail: m.c.cnossen@erasmusmc.nl

222 neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 29:3, Summer 2017

PREDICTORS OF MAJOR DEPRESSION AND PTSD AFTER TBI

mailto:m.c.cnossen@erasmusmc.nl
http://neuro.psychiatryonline.org


Previously presented at the International Brain Injury Association (IBIA)
Conference, The Hague, March 5, 2016.

Supported by the European Union FP 7th Framework program (grant
602150).

The authors thank Wichor Bramer for his assistance with the search
strategy.

The authors report no financial relationships with commercial interests.

Received Sept. 6, 2016; revision received Nov. 8, 2016; accepted Nov.
17, 2016; published online Feb. 14, 2017.

REFERENCES

1. Menon DK, Schwab K, Wright DW, et al: Position statement:
definition of traumatic brain injury. Arch Phys Med Rehabil 2010;
91:1637–1640

2. Peeters W, van den Brande R, Polinder S, et al: Epidemiology of trau-
matic brain injury in Europe. Acta Neurochir (Wien) 2015; 157:1683–1696

3. Kim E, Lauterbach EC, Reeve A, et al: Neuropsychiatric compli-
cations of traumatic brain injury: a critical review of the literature
(a report by the ANPA Committee on Research). J Neuropsychi-
atry Clin Neurosci 2007; 19:106–127

4. Osborn AJ, Mathias JL, Fairweather-Schmidt AK: Depression
following adult, non-penetrating traumatic brain injury: a meta-
analysis examining methodological variables and sample charac-
teristics. Neurosci Biobehav Rev 2014; 47:1–15

5. Mauri MC, Paletta S, Colasanti A, et al: Clinical and neuropsychological
correlates of major depression following post-traumatic brain injury, a
prospective study. Asian J Psychiatr 2014; 12:118–124

6. Riggio S: Traumatic brain injury and its neurobehavioral sequelae.
Neurol Clin 2011; 29:35–47, [vii.]

7. Scholten AC, Haagsma JA, Cnossen MC, et al: Prevalence and risk
factors of anxiety and depressive disorders following traumatic
brain injury: a systematic review. J Neurotrauma 2016

8. Mallya S, Sutherland J, Pongracic S, et al: The manifestation of
anxiety disorders after traumatic brain injury: a review. J Neuro-
trauma 2015; 32:411–421

9. Haagsma JA, Scholten AC, Andriessen TM, et al: Impact of de-
pression and post-traumatic stress disorder on functional outcome
and health-related quality of life of patients with mild traumatic
brain injury. J Neurotrauma 2015; 32:853–862

10. Greenberg PE, Fournier AA, Sisitsky T, et al: The economic burden
of adults with major depressive disorder in the United States
(2005 and 2010). J Clin Psychiatry 2015; 76:155–162

11. Walker EA, Katon W, Russo J, et al: Health care costs associated
with posttraumatic stress disorder symptoms in women. Arch Gen
Psychiatry 2003; 60:369–374

12. Scholten AC, Haagsma JA, Panneman MJ, et al: Traumatic brain
injury in the Netherlands: incidence, costs and disability-adjusted
life years. PLoS One 2014; 9:e110905

13. Stalder-Lüthy F, Messerli-Bürgy N, Hofer H, et al: Effect of psy-
chological interventions on depressive symptoms in long-term
rehabilitation after an acquired brain injury: a systematic review
and meta-analysis. Arch Phys Med Rehabil 2013; 94:1386–1397

14. Agorastos A, Marmar CR, Otte C: Immediate and early behavioral
interventions for the prevention of acute and posttraumatic stress
disorder. Curr Opin Psychiatry 2011; 24:526–532

15. Crabtree-Buckner L, Kautz DD: Prevention of posttraumatic stress
disorder in intensive care unit patients. Dimens Crit Care Nurs
2012; 31:69–72

16. Gill IJ, Mullin S, Simpson J: Psychosocial and psychological fac-
tors associated with post-traumatic stress disorder following
traumatic brain injury in adult civilian populations: a systematic
review. Brain Inj 2014; 28:1–14

17. Rapoport MJ, McCullagh S, Streiner D, et al: The clinical signifi-
cance of major depression following mild traumatic brain injury.
Psychosomatics 2003; 44:31–37

18. Moore EL, Terryberry-Spohr L, Hope DA: Mild traumatic brain
injury and anxiety sequelae: a review of the literature. Brain Inj
2006; 20:117–132

19. Kennedy RE, Livingston L, Riddick A, et al: Evaluation of the
Neurobehavioral Functioning Inventory as a depression screening
tool after traumatic brain injury. J Head Trauma Rehabil 2005; 20:
512–526

20. Sumpter RE, McMillan TM: Errors in self-report of post-traumatic
stress disorder after severe traumatic brain injury. Brain Inj 2006;
20:93–99

21. Rogers JM, Read CA: Psychiatric comorbidity following traumatic
brain injury. Brain Inj 2007; 21:1321–1333

22. Zaninotto AL, Vicentini JE, Fregni F, et al: Updates and current
perspectives of psychiatric assessments after traumatic brain in-
jury: a systematic review. Front Psychiatry 2016; 7:95

23. Taber KH,Warden DL, Hurley RA: Blast-related traumatic brain injury:
what is known? J Neuropsychiatry Clin Neurosci 2006; 18:141–145

24. Cernak I, Merkle AC, Koliatsos VE, et al: The pathobiology of blast
injuries and blast-induced neurotrauma as identified using a new
experimental model of injury in mice. Neurobiol Dis 2011; 41:
538–551

25. Chapman JC, Diaz-Arrastia R: Military traumatic brain injury: a
review. Alzheimers Dement 2014; 10(Suppl):S97–S104

26. O’Donnell ML, Creamer MC, Parslow R, et al: A predictive
screening index for posttraumatic stress disorder and depression
following traumatic injury. J Consult Clin Psychol 2008; 76:923–932

27. Steyerberg EW: Clinical Prediction Models. New York, Springer
Sciences and Business Media, 2009

28. Perel P, Edwards P, Wentz R, et al: Systematic review of prog-
nostic models in traumatic brain injury. BMC Med Inform Decis
Mak 2006; 6:38

29. Moher D, Liberati A, Tetzlaff J, et al: Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med 2009; 6:e1000097

30. Moons KG, de Groot JA, Bouwmeester W, et al: Critical appraisal
and data extraction for systematic reviews of prediction modelling
studies: the CHARMS checklist. PLoS Med 2014; 11:e1001744

31. Higgins JPT, Green S (eds): Cochrane Handbook for Systematic
Reviews of Interventions. Version 5.1.0. The Cochrane Collabo-
ration, 2011. Available at http://handbook.cochrane.org/. Accessed
April 22, 2014

32. Hayden JA, van der Windt DA, Cartwright JL, et al: Assessing bias
in studies of prognostic factors. Ann Intern Med 2013; 158:280–286

33. Higgins JPT, Green S (eds): Cochrane Handbook for Systematic
Reviews of Interventions. Version 5.1.0. http://handbook.cochrane.
org/

34. Review Manager (RevMan): [Computer program] Version 5.3. Copen-
hagen, the Nordic Cochrane Centre, the Cochrane Collaboration, 2014

35. Gil S, Caspi Y, Ben-Ari IZ, et al: Does memory of a traumatic event
increase the risk for posttraumatic stress disorder in patients with
traumatic brain injury? A prospective study. Am J Psychiatry 2005;
162:963–969

36. Fedoroff JP, Starkstein SE, Forrester AW, et al: Depression in
patients with acute traumatic brain injury. Am J Psychiatry 1992;
149:918–923

37. Alway Y, McKay A, Gould KR, et al: Factors associated with post-
traumatic stress disorder following moderate to severe traumatic
brain injury: a prospective study. Depress Anxiety 2016; 33:19–26

38. Bryant RA, Harvey AG: Relationship between acute stress disorder
and posttraumatic stress disorder following mild traumatic brain
injury. Am J Psychiatry 1998; 155:625–629

39. Bryant RA, Marosszeky JE, Crooks J, et al: Coping style and post-
traumatic stress disorder following severe traumatic brain injury.
Brain Inj 2000; 14:175–180

40. Deb S, Burns J: Neuropsychiatric consequences of traumatic brain
injury: a comparison between two age groups. Brain Inj 2007; 21:
301–307

J Neuropsychiatry Clin Neurosci 29:3, Summer 2017 neuro.psychiatryonline.org 223

CNOSSEN ET AL.

http://handbook.cochrane.org/
http://handbook.cochrane.org/
http://handbook.cochrane.org/
http://neuro.psychiatryonline.org


41. Diaz AP, Schwarzbold ML, Thais ME, et al: Psychiatric disorders
and health-related quality of life after severe traumatic brain in-
jury: a prospective study. J Neurotrauma 2012; 29:1029–1037

42. Gould KR, Ponsford JL, Johnston L, et al: Predictive and associ-
ated factors of psychiatric disorders after traumatic brain injury: a
prospective study. J Neurotrauma 2011; 28:1155–1163

43. Hibbard MR, Uysal S, Kepler K, et al: Axis I psychopathology in
individuals with traumatic brain injury. J Head Trauma Rehabil
1998; 13:24–39

44. Levin HS, McCauley SR, Josic CP, et al: Predicting depression
following mild traumatic brain injury. Arch Gen Psychiatry 2005;
62:523–528

45. Rapoport MJ, McCullagh S, Streiner D, et al: Age and major de-
pression after mild traumatic brain injury. Am J Geriatr Psychiatry
2003; 11:365–369

46. van Reekum R, Bolago I, Finlayson MA, et al: Psychiatric disorders
after traumatic brain injury. Brain Inj 1996; 10:319–327

47. Roitman P, Gilad M, Ankri YL, et al: Head injury and loss of
consciousness raise the likelihood of developing and maintaining
PTSD symptoms. J Trauma Stress 2013; 26:727–734

48. Barker-Collo S, Theadom A, Ameratunga S, et al: Prevalence and
predictors of post-traumatic stress disorder in adults one year
following traumatic brain injury: a population-based study. Brain
Impair 2013; 14:425–435

49. Li L, Sun G, Liu K, et al: White matter changes in posttraumatic
stress disorder following mild traumatic brain injury: a prospective
longitudinal diffusion tensor imaging study. Chin Med J (Engl)
2016; 129:1091–1099

50. Caspi Y, Gil S, Ben-Ari IZ, et al: Memory of the traumatic event is
associated with increased risk for PTSD: A retrospective study of
patients with traumatic brain injury. J Loss Trauma 2005; 10:
319–335

51. Koponen S, Taiminen T, Portin R, et al: Axis I and II psychiatric
disorders after traumatic brain injury: a 30-year follow-up study.
Am J Psychiatry 2002; 159:1315–1321

52. Whelan-Goodinson R, Ponsford JL, Schönberger M, et al: Pre-
dictors of psychiatric disorders following traumatic brain injury.
J Head Trauma Rehabil 2010; 25:320–329

53. Turnbull SJ, Campbell EA, Swann IJ: Post-traumatic stress dis-
order symptoms following a head injury: does amnesia for the
event influence the development of symptoms? Brain Inj 2001; 15:
775–785

54. Ashman TA, Spielman LA, Hibbard MR, et al: Psychiatric chal-
lenges in the first 6 years after traumatic brain injury: cross-
sequential analyses of Axis I disorders. Arch Phys Med Rehabil
2004; 85(Suppl 2):S36–S42

55. Rao V, Munro CA, Rosenberg P, et al: Neuroanatomical correlates
of depression in post traumatic brain injury: preliminary results of
a pilot study. J Neuropsychiatry Clin Neurosci 2010; 22:231–235

56. Rapoport MJ, McCullagh S, Shammi P, et al: Cognitive impairment
associated with major depression following mild and moderate
traumatic brain injury. J Neuropsychiatry Clin Neurosci 2005; 17:
61–65

57. Jorge RE, Robinson RG, Moser D, et al: Major depression fol-
lowing traumatic brain injury. Arch Gen Psychiatry 2004; 61:42–50

58. Harvey AG, Bryant RA: Two-year prospective evaluation of the
relationship between acute stress disorder and posttraumatic
stress disorder following mild traumatic brain injury. Am J Psy-
chiatry 2000; 157:626–628

59. Hibbard MR, Ashman TA, Spielman LA, et al: Relationship be-
tween depression and psychosocial functioning after traumatic
brain injury. Arch Phys Med Rehabil 2004; 85(Suppl 2):S43–S53

60. Gould KR, Ponsford JL, Johnston L, et al: The nature, frequency
and course of psychiatric disorders in the first year after trau-
matic brain injury: a prospective study. Psychol Med 2011; 41:
2099–2109

61. Jorge RE, Acion L, Starkstein SE, et al: Hippocampal volume and mood
disorders after traumatic brain injury. Biol Psychiatry 2007; 62:332–338

62. Alway Y, Gould KR, McKay A, et al: The evolution of post-
traumatic stress disorder following moderate-to-severe traumatic
brain injury. J Neurotrauma 2016; 33:825–831

63. McMillan TM: Errors in diagnosing post-traumatic stress disorder
after traumatic brain injury. Brain Inj 2001; 15:39–46

64. Bouwmeester W, Zuithoff NP, Mallett S, et al: Reporting and
methods in clinical prediction research: a systematic review. PLoS
Med 2012; 9:1–12

65. Steyerberg EW, Eijkemans MJ, Habbema JD: Stepwise selection
in small data sets: a simulation study of bias in logistic regression
analysis. J Clin Epidemiol 1999; 52:935–942

66. Hukkelhoven CW, Rampen AJ, Maas AI, et al: Some prognostic
models for traumatic brain injury were not valid. J Clin Epidemiol
2006; 59:132–143

67. Piccinelli M, Wilkinson G: Gender differences in depression.
Critical review. Br J Psychiatry 2000; 177:486–492

68. Culbertson FM: Depression and gender. An international review.
Am Psychol 1997; 52:25–31

69. Mueller TI, Leon AC, Keller MB, et al: Recurrence after recovery
from major depressive disorder during 15 years of observational
follow-up. Am J Psychiatry 1999; 156:1000–1006

70. van Loo HM, Aggen SH, Gardner CO, et al: Multiple risk factors
predict recurrence of major depressive disorder in women. J Af-
fect Disord 2015; 180:52–61

71. Hardeveld F, Spijker J, De Graaf R, et al: Recurrence of major
depressive disorder and its predictors in the general population:
results from the Netherlands Mental Health Survey and Incidence
Study (NEMESIS). Psychol Med 2013; 43:39–48

72. Tang B, Liu X, Liu Y, et al: A meta-analysis of risk factors for
depression in adults and children after natural disasters. BMC
Public Health 2014; 14:623

73. van der Noordt M, IJzelenberg H, Droomers M, et al: Health ef-
fects of employment: a systematic review of prospective studies.
Occup Environ Med 2014; 71:730–736

74. Wanberg CR: The individual experience of unemployment. Annu
Rev Psychol 2012; 63:369–396

75. Bora E, Fornito A, Pantelis C, et al: Gray matter abnormalities in
major depressive disorder: a meta-analysis of voxel based mor-
phometry studies. J Affect Disord 2012; 138:9–18

76. Silverberg ND, Gardner AJ, Brubacher JR, et al: Systematic review
of multivariable prognostic models for mild traumatic brain injury.
J Neurotrauma 2015; 32:517–526

77. Li SJ, Jiang H, Yang H, et al: The dilemma of heterogeneity tests in
meta-analysis: a challenge from a simulation study. PLoS One 2015;
10:e0127538

78. von Hippel PT: The heterogeneity statistic I2 can be biased in
small meta-analyses. BMC Med Res Methodol 2015; 15:35

79. Jorge RE, Robinson RG, Arndt SV, et al: Depression following
traumatic brain injury: A 1 year longitudinal study. J Affect Disord
1993; 27:233–243

80. Jorge RE, Robinson RG, Arndt S: Are there symptoms that are
specific for depressed mood in patients with traumatic brain in-
jury? J Nerv Ment Dis 1993; 181:91–99

81. Schonberger M, Ponsford J, Gould KR, et al: The temporal re-
lationship between depression, anxiety and functional status after
traumatic brain injury: A cross-lagged analyses. J Int Neuro-
psychol Soc 2011; 17:781–787

82. Koponen S, Taiminen T, Honkalampi K, et al: Alexithymia after
traumatic brain injury: Its relation to magnetic resonance imaging
findings and psychiatric disorders. Psychosom Med 2005; 67:
807–812

83. Fedoroff JP, Starkstein SE, Forrester AW, et al: Depression in
patients with acute traumatic brain injury. Am J Psychiatry 1992;
149:918–923

224 neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 29:3, Summer 2017

PREDICTORS OF MAJOR DEPRESSION AND PTSD AFTER TBI

http://neuro.psychiatryonline.org

