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Abstract

Objective To estimate the relative frequency and relative risk of post-traumatic stress disorder (PTSD) attributed to traumatic
brain injury (TBI).

Data Sources PubMed and Embase were searched from database inception until January 26, 2019.

Study Selection Two independent investigators screened titles, abstracts, and full texts. We selected studies that included subjects
presenting with TBI, and where the number of subjects with TBI and PTSD could be extrapolated. There were no restrictions on
study design.

Data Extraction and Synthesis Data were extracted by two independent investigators and results were pooled using random-
effects meta-analysis.

Results In civilian populations, relative frequency of PTSD following TBI was 12.2% after 3 months (CI-95 (7.6 to
16.8%) I* = 83.1%), 16.3% after 6 months (CI-95 (10.2 to 22.4%), I = 88.4%), 18.6% after 12 months (CI-95 (10.2 to
26.9%), I* = 91.5%), and 11.0% after 24 months (CI-95 (0.0 to 25.8%), I* = 92.0%). Relative risk was 1.67 after 3
months (CI-95 (1.17 to 2.38), P = 0.011, I? = 49%), 1.36 after 6 months (CI-95 (0.81 to 2.30), P = 0.189, I = 34%), and
1.70 after 12 months (CI-95 (1.16-2.50), P = 0.014, I* = 89%). In military populations, the relative frequency of
associated PTSD was 48.2% (CI-95 (44.3 to 52.1%), I* = 100%) with a relative risk of 2.33 (CI-95 (2.00 to 2.72), P
< 0.0001, 7* = 99.9%).

Conclusions and Relevance TBI is arisk factor for PTSD in clinic-based civilian populations. There are insufficient data to assess
the relative frequency or relative risk of PTSD in moderate to severe TBI. Due to significant between-study heterogeneity, the
findings of our study should be interpreted with caution.
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Introduction

Post-traumatic stress disorder (PTSD) and traumatic brain in-
jury (TBI) are both pathological consequences of head trauma.
Estimates suggest that the 12-month prevalence of PTSD is
1.1% [1], while 69 million people per year experience TBI
worldwide [2]. In addition, patients with PTSD attributed to
TBI often display symptoms such as headaches [3], anxiety
[4], and depression [5], all of which are among the leading
causes of disability worldwide [6]. In veterans from the USA,
PTSD and TBI are associated with substantial long-term med-
ical and disability expenses [7], and outpatient healthcare
costs are more than doubled for patients with comorbid
PTSD and TBI, compared with patients who suffer from only
one of the two [7]. However, inconsistent findings on the
prevalence of PTSD attributed to TBI means that it is difficult
to assess the actual scope of the public health burden imposed
by TBI-associated PTSD. An overview of the current litera-
ture is therefore highly needed.

We therefore decided to perform a systematic review and
meta-analysis of PTSD attributed to TBI in civilian and mili-
tary populations. Meta-analysis was performed to estimate
pooled relative frequencies and relative risk of PTSD attribut-
ed to TBL

Methods
Data sources and study selection

We searched PubMed and Embase for studies on the relative
frequency and relative risk of PTSD attributed to TBI. The
search was performed January 26, 2019, with the following
search string: “(traumatic brain injury OR concussion OR
head trauma OR head injury OR brain trauma OR brain injury
OR blast injury) AND (PTSD OR post-traumatic stress disor-
der OR post-traumatic stress disorder OR post-traumatic stress
disorder OR shell-shock OR shell shock OR battle fatigue).”
Two investigators, A.l. and H.M.K., screened all search re-
sults by title and abstract. Full texts were retrieved whenever a
publication included subjects with TBI, and it was believed
that the publication might present data on PTSD. Following
full-text retrieval, the same two authors performed full-text
screening and assessed all publications according to pre-
defined eligibility criteria (Supplement Table 1). Final study
inclusion was decided by consensus between A.I. and HM.K.

Definition of Traumatic Brain Injury
TBI is defined as an alteration in brain function, or other
evidence of brain pathology, caused by an external force [8].

For the purpose of this study, TBI was defined as exposure to a
direct or indirect blow to the head, identified by interview with
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hospital or research staff, record review or self-report on a
questionnaire, or by searching databases for validated diag-
nostic codes. TBI severity was graded according to the param-
eters presented in Supplement Table 2. Publications that did
not report injury severity were designated as “not reported.”
Publications that identified any of the symptoms listed in
Supplement Table 2, but did not report the boundaries used
to categorize injury severity, were designated as “cannot be
determined accurately.”

Definition of Post-Traumatic Stress Disorder

PTSD is a trauma- or stressor-related psychiatric disorder that
can develop following exposure to actual or threatened trau-
matic events [9]. A formal diagnosis can be made if patients
meet the criteria outlined in the Diagnostic and Statistical
Manual of Mental Disorders or the International
Classification of Diseases. Patients are designated as screen-
ing positive if the diagnosis is made by a structured or semi-
structured interview, by record review, by database search for
validated diagnostic codes, or by administrating a validated
questionnaire. We prioritized interviews in studies that utilized
a mixture of interviews and questionnaires. Within
questionnaire-based studies, we prioritized results calculated
by a combination of symptom clusters and cut-off scores over
results calculated using symptom clusters alone, which were
again prioritized over results calculated by cut-off score alone.
If results for several cut-off scores were presented, the highest
score was included.

Data extraction and quality assessment

Data were extracted using a pre-defined form. Quality assess-
ment was performed with a modified Newcastle-Ottawa
Scale. The instrument contains four domains with nine ques-
tions in total. Each question gets scored as either 0 or 1, with a
maximum score of nine. All nine domains were not relevant
for all of the included studies. We therefore calculated a total
sum score, and a weighted fraction calculated as the total sum
score divided by the maximally attainable score. Study quality
was rated as low for studies with a weighted fractional score <
25%, medium for scores > 25% and < 50%, high for scores >
50% and < 75%, and very high for scores > 75%. Two inves-
tigators, A.l. and H.M.K., independently extracted data and
scored each study. Any discrepancies in data extraction or
quality assessment were resolved between the two authors.

Statistical analysis

The outcome of interest was the relative frequency of PTSD
attributed to TBI and the relative risk of PTSD in TBI com-
pared to controls. A random-effects meta-analysis that
accounted for between-study heterogeneity was performed.
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Effect sizes were calculated using the inverse variance method
on untransformed data. Between-study variance was calculat-
ed using the restricted maximum likelihood method. Tau was
assumed not-equal between studies and the Hartung-Knapp
modification was used to adjust test statistics and confidence
intervals. Effect sizes were only calculated for groups
consisting of two or more studies. The x tests and the /*
statistic were used to assess between-study heterogeneity.
Data analyses were conducted separately for military and ci-
vilian populations and for population-based and non-
population-based studies. We calculated effect sizes for each
study population regardless of TBI severity and, when possi-
ble, for studies where subjects could be classified by our def-
inition as “mild TBI only” or “moderate to severe TBL.” When
two or more studies used overlapping populations, only num-
bers from the study with the largest number of participants
were included. Studies with military populations tend to as-
sess PTSD at a single time point with a varying or unknown
time interval between the head injury and the PTSD assess-
ment. Because of that, our analysis was restricted to non-
longitudinal studies. Most civilian studies reported the inter-
vals between the TBI and the PTSD assessment. We therefore
grouped the results from each study into the following groups
based on the time between TBI and PTSD assessment: [1:3] =
3 months, (3:6] = 6 months, (6:12] = 12 months, 12:24] = 24
months. Relative frequency was estimated at [1:3], (3:6],
(6:12], and (12:24] months after TBI, and relative risk at
[1:3], (3:6], (6—12] months (see Supplement 1 for further
details). Sources of heterogeneity were investigated with uni-
variate meta-regression, in order to assess the influence of
moderators on effect size. Meta-regression was only per-
formed for analyses with 10 or more studies, and with a min-
imum of two subgroups in each analysis. The following con-
founding variables were evaluated: sample source: clinic-
based, community- or population-based, and registry- or
data-based; military service status; deployment status; TBI
assessment method; TBI severity mild only; type of compari-
son group; DSM version; PTSD instrument type; PTSD as
primary outcome and study quality > 75% vs. < 75%.
Publication bias was assessed via visual inspection of a funnel
plot of standard error against proportion effect size and quan-
titatively by Egger’s test with significance defined as < 0.05.
This was only done for analyses which included 10 or more
studies [10]. All statistical analyses were performed with R
version 3.6.0 using the “meta” and “metafor” packages.

Results

Search results

The database searches yielded 3385 hits in PubMed and 3162
hits in Embase (Fig. 1). Seven additional publications were

identified through a manual search of the reference lists from
the included publications. We found 5309 unique records after
removal of duplicates. We retrieved 579 full texts, from which
193 full texts were initially included. Removal of publications
describing duplicate cohorts reduced the total number to 174
publications. Fifty-one included civilian populations and 123
included military populations.

Thirty-one civilian publications and 104 military publica-
tions were included in the meta-analysis. A full reference list
of the 193 identified publications is presented in Supplement
Appendix 1. Summary of study characteristics is presented in
Table 1.

Relative frequency of PTSD in civilian populations

For non-population-based studies with TBI of any severity,
relative frequency of PTSD was 12.2% after 3 months (n =
1572, CI-95 = 7.6 to 16.8%, I* = 83.1%), 16.3% after 6
months (n = 1817, CI-95 = 10.2 to 22.4%, F* = 88.4%),
18.6% after 12 months (n = 2876, CI-95 = 10.2 to 26.9%, I*
=91.5%), and 11.0% after 24 months (n = 575, CI-95 = 0.0 to
25.8%, P = 92.0%) (Table 2). The difference in relative risk
between time points was not statistically significant (O = 3.32,
P =0.3455). When analysis was restricted to populations de-
fined as mild TBI only, relative frequency was 10.8% after 3
months (n = 1257, CI-95 = 7.4 to 14.2%, I* = 40.5%), 14.6%
after 6 months (n = 993, CI-95 = 7.8 to 21.5%, P= 63.1%),
21.5% after 12 months (n = 964, CI-95 = 9.3 to 33.6%, P =
88.8%), and 16.8% after 24 months (n = 407, CI-95 = 0.0 to
38.8%, I* = 0.0%) (Table 2). The difference in relative fre-
quency between time points was statistically significant (Q =
10.85, P=0.0126). The current review and meta-analysis only
identified five studies with moderate to severe TBI, with less
than 275 participants per time point. The results are therefore
not presented here, but the forest plot can be found in the
supplementary material

We were only able to identify one population-based study in
civilians and thus, meta-analysis was not performed.

Relative risk of PTSD in civilian populations

For non-population-based studies with TBI of any severity,
relative risk of PTSD was calculated to 1.67 after 3 months
(TBI = 1465, controls =2070, CI-95=1.17t02.38, P=0.011,
P= 49%), 1.36 after 6 months ((TBI = 325, controls = 538,
CI-95 = 0.81 to0 2.30, P = 0.189, /> = 34%), and 1.70 after 12
months (TBI = 2271, controls = 3641, CI-95=1.16t0 2.50, P
= 0.014, P = 89%) (Table 3). The difference between time
points was not significant (P = 0.6598). For populations de-
fined as mild TBI only, relative risk of PTSD was calculated to
1.66 after 3 months (TBI = 1257, controls = 1644, CI-95 =
0.88t03.13, P=0.093, P= 69%), 0.92 after 6 months (TBI =
109, controls = 138, CI-95=0.14 t0 6.22, P=0.691, I = 0%),
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Fig. 1 Flow chart of the study
selection process

Records identified through
database searching
(n = 6547)

Additional records identified
through other sources
(n=7)

Records after duplicates removed
(n =5309)

and 1.84 after 12 months (TBI = 689, controls = 1794, CI-95 =
1.81 to 1.86, P < 0.0001, > = 0%) (Table 3). The difference
between time points was statistically significant (P < 0.0001).

Meta-analysis was not performed for moderate to severe
TBI, or for population-based studies, due to a lack of eligible
studies.

Meta-regression in civilian populations

Meta-regression was performed for studies reporting the rela-
tive frequency of TBI of any severity at 3, 6, and 12 months in
non-population-based studies. None of the predictors were
significantly associated with the relative frequency of PTSD.

Publication bias in civilian populations

Assessment of publication bias was only performed for stud-
ies reporting on relative frequency for any severity at 3, 6, and
12 months. Funnel plots can be seen in supplementary mate-
rial and were asymmetric at visual inspection at all time
points, indicating publication bias. Egger’s test showed
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statistically significant bias at 3 months (P = 0.03) and 6
months (0.03) but not for 12 months (P = 0.42).

Relative frequency of PTSD in military populations

For TBI of any severity, relative frequency of associated
PTSD was estimated to be 48.2% (n = 563,264, CI-95 =
44.3 to 52.1%, P= 100%). For mild TBI only, relative fre-
quency of associated PTSD was estimated to be 48.8% (n =
25,521, CI-95 = 43.1 to 54.6%, I* = 99.4%) (Table 2). Due to a
lack of eligible studies, meta-analysis was not performed for
moderate to severe TBL

Relative risk of PTSD in military populations

For TBI of any severity, relative risk of associated PTSD
was calculated to be 2.33 (TBI = 517074, controls =
5480874, CI-95 = 2.00 to 2.72, P < 0.0001, I* = 99.9%).
For mild TBI only, relative risk of associated PTSD was
calculated to be 2.32 (TBI = 16078, controls = 37761, CI-
95=1.67 to 3.23, P < 0.0001, /7 = 98%) (Table 3). Due to a
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Table 1 Summary of study
characteristics

Military Civilian
Total number of studies, N 123 51
Unique cohorts, N 123 48

Publication year, median, (range)
Country, name, N

Sampling, type, N

Military service status
Active-duty
Veteran
Active-duty and veterans
Not reported

Deployment status
Deployed within 12 months
More than 12 months post-deployed
Deployed, any time point/not specified
Only non-deployed
Deployed and non-deployed
Not reported

TBI assessment method, N
Clinical diagnosis
Screen
Registry code

TBI severity, N
Mild
Moderate
Severe
Mild to moderate
Moderate to severe
Mild to severe
Not reported
Cannot be determined

Can studies be grouped by TBI severity into

mild only or moderate to severe, N
Yes
No
PTSD among primary outcomes, N
Yes

2014 (1997; 2018)

USA, 122
England, 1

Clinic-based, 78
Survey-based, 22
Database-based, 20

Community-based, 3

38
69
12

75
29
19

48

14
22
31

51
72

61

2012 (1998; 2019)

Australia, 16
USA, 15

Israel, 3
Scotland, 3
Canada, 2
England, 2
France, 2

New Zealand, 2
Other, 6

Clinic-based, 43
Community-based, 4
Population-based, 2
Registry or database, 1
Other, 1

NA
NA
NA
NA

NA
NA
NA
NA
NA

45

[ed]

N LW = 9 3 DO =
w2

24
27

46

@ Springer
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Table 1 (continued)

Military Civilian
No 62 5
DSM version, N
DSM-3 1 0
DSM-3-R 2 6
DSM-4/DSM-4-TR 82 40
DSM-5 2
Not reported
Unknown (PTSD identified through registry code) 22
Method to determine PTSD, N
Interview 38 30
Questionnaire 49 20
Record review 8 0
Registry code 26 1
Not reported 2 0
Questionnaires: diagnostic algorithm PTSD, N
Cut-off 27 11
Symptom cluster 4 6
Symptom cluster and cut-off 10 1
Not reported 8 2
Comparison group, N
Yes 69 24
No 54 27

Types of comparison groups, type (V)

Quality assessment, N*
Low
Medium
High
Very high

Trauma controls (9)
MVA survivors (6)

Please see Supplementary Table 3

Orthopedic injury (5)
Community controls (1)
Other (3)

25 4

52 14

38 23

8 10

*See methods and supplementary material for details concerning quality assessment

DSM, diagnostic and statistical manual of mental disorders; MVA, motor-vehicle accident; PTSD, post-traumatic

stress disorder

lack of eligible studies, meta-analysis was not performed
for moderate to severe TBI.

Meta-regression in military populations

Meta-regression was performed separately for relative fre-
quency and relative risk of TBI-associated PTSD, for TBI of
any severity, and mild TBI only.

An association was found between the factors sampling
source, service status, deployment status, and relative frequen-
cy. For sampling source, relative frequency was significantly

@ Springer

lower in survey-based studies (reference variable: clinic-based).
For service status, relative frequency was significantly lower in
samples with servicemembers on active duty and in mixed
samples of active-duty servicemembers and veterans, compared
to studies with veterans alone (reference variable: veterans). For
deployment status, relative frequency was significantly higher
in studies that assessed subjects more than 12 months after
return from deployment, including samples with subjects where
the time of return from deployment was not reported, in sam-
ples with deployed and non-deployed subjects, and in samples
where deployment status was unknown (reference variable:
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Table2  Relative frequencies of PTSD in civilian and military populations

Number of studies Number of subjects ~ Proportion ~ 95% CI P 95% CI Test of heterogeneity
with TBI with PTSD (P value)
Civilian, non-population-based
Any severity
Time of assessment post-TBI
[1:3] months 10 1572 0.122 [0.0764:0.1682] 83.1% [70.3%:90.4%] < 0.0001
(3:6] months 13 1817 0.163 [0.1019:0.2237] 88.4% [82.0%:92.6%] < 0.0001
(6:12] months 11 2876 0.186 [0.1022:0.2692] 91.5% [86.8%:94.5%] < 0.0001
(12:24] months 4 575 0.110 [0.0000:0.2584] 92.0% [82.8%:96.3%] < 0.0001
Mild TBI only
Time point
[1:3] months 6 1257 0.108 [0.0736:0.1422] 40.5% [0.0%:76.4%]  0.1352
(3:6] months 5 993 0.146 [0.0781:0.2145] 63.1% [2.5%:86.0%] < 0.0001
(6:12] months 6 964 0.215 [0.0930:0.3363] 88.8% [78.1%:94.2%] < 0.0001
(12:24] months 2 407 0.168 [0.0000:0.3875] 0.0%  [0.0%:0.0%] 0.3515
Military
Severity
Any 104 563264 0.482 [0.4429:0.5210  100%  [100%:100%] 0
Mild only 41 24521 0.488 [0.4306:0.5463]  99.4% [99.3%:99.4%] 0

CI, confidence interval; PTSD, post-traumatic stress disorder; TBI, traumatic brain injury

within 12 months). Sampling source, service status, and deploy-
ment status explained 11%, 27%, and 20% of the heterogeneity
respectively in TBI of any severity, and 25%, 50%, and 33% in
mild TBI only.

Only sampling source was associated with relative risk,
with relative risk being higher in survey-based studies with
TBI of any severity. Sampling source explained 16% of the

heterogeneity in a univariate model for relative risk in TBI of

any severity.

Publication bias in military populations

Funnel plots for studies reporting relative frequency and rela-
tive risk of TBI-associated PTSD in TBI of any severity and

Table 3  Relative risk of PTSD in civilian and military populations with TBI
Number  TBI(N) Controls (V) Relative risk 95% CI Pvalue P CI-95 Test of heterogeneity
of studies (P value)
Civilian, non-population-based
Any severity
Time point
[1:3] months 9 1465 2070 1.67 [1.17:2.38] 0.0110 49% [0%:76%] 0.05
(3:6] months 6 325 538 1.36 [0.81:2.30] 0.1892 34% [0%:73%] 0.18
(6:12] months 8 2271 3641 1.70 [1.16:2.50] 0.0138 89% [80%:94%] <0.01
Mild
Time point
[1:3] months 6 1257 1644 1.66 [0.88:3.13] 0.0931 69% [26%:87%] <0.01
(3:6] months 2 109 138 0.92 [0.14:6.22] 0.6910 0% [0%:0%] 0.53
(6:12] months 4 689 1794 1.84 [1.81:1.86] <0.0001 0% [0%:0%] 1.00
Military
Severity
Any 59 517074 5480874 2.33 [2.00:2.72] < 0.0001 99.9% [99.9%:99.9%] 0
Mild only 17 16078 37761 2.32 [1.67:3.23] <0.0001 98.0% [97.5%:98.4%] O

CI, confidence interval; PTSD, post-traumatic stress disorder; 7B, traumatic brain injury

@ Springer
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mild TBI only, are presented in the supplementary material.
Funnel plots were not asymmetric at visual inspection and
Egger’s test did not reveal any statistically significant
asymmetry.

Discussion

After pooling results from 31 civilian studies and 104 military
studies, we have demonstrated that 11.0 to 18.6% of civilians
develop PTSD within a 2-year period following a TBI, while
48.2% of servicemembers or veterans have TBI-associated
PTSD. In comparison, the relative frequency of PTSD is esti-
mated to be 23.1% in the combined population of previously
deployed, current, and former servicemembers [11], and 1.1%
in the general population over a 1-year period [1], making
PTSD much more prevalent among individuals with TBI.
When compared to individuals with no TBI, the risk of
PTSD was 1.7 times higher in civilians with TBI and 2.3 times
higher in military personnel. When we restricted the analysis
to subjects with mild TBI only, the results did not change.
Thus, our findings show that even a mild TBI increases the
risk for developing PTSD.

TBI-associated PTSD poses a significant problem for both
civilian and military populations. In the USA alone, TBI re-
sults in 2.87 million emergency department visits each year
[12], and our findings support that a substantial proportion
will develop clinically significant signs of PTSD. Patients
with TBI and PTSD have higher rates of other psychiatric
comorbidities [13], more post-concussive symptoms [14],
and have poorer recovery and treatment response for other
comorbidities, such as headaches [15]. Furthermore, adminis-
trative data from veterans’ health encounters show that
healthcare costs are doubled for veterans with comorbid TBI
and PTSD, compared to veterans who only present with TBI
[7]. PTSD therefore greatly contributes to the overall burden
of TBI, and our findings emphasize the need for better control
of TBI and more interventions in the period following TBI.

The rates of PTSD following a military-related TBI are
higher than those seen following civilian-related TBI. This is
likely due to differences in the manner in which the TBI is
acquired and the frequency of traumatic exposures. TBIs in
military populations are mainly acquired during deployment.
A recent meta-analysis in military populations found that the
number and length of deployments, being in a combat role, as
well as experiencing prior trauma, including witnessing some-
one being wounded or killed, were all associated with an in-
creased relative frequency of PTSD [16]. Thus, military per-
sonnel, especially those assigned to combat roles in conflict
zones, are more likely to have repeated exposure to traumatic
events, which increases the odds of developing PTSD. On the
contrary, individuals in civilian studies are more likely to ex-
perience fewer traumatic exposures.

@ Springer

Our study has some limitations that need to be addressed.
We observed substantial heterogeneity within studies on both
civilian and military populations. Our pooled relative frequen-
cies and relative risk estimates should therefore be interpreted
with caution. The heterogeneity could arise from several fac-
tors and was investigated through meta-regression of study-
level characteristics. In civilian populations, none of the
study-level characteristics were associated with the relative
frequency of PTSD attributed to TBI. However, the analysis
was limited by small sample sizes. Furthermore, a majority of
civilian studies were clinic-based. One survey-based study
found that 42% of individuals with TBI do not seek medical
care, and that the odds of seeking medical care are reduced in
patients with mild TBI compared to those with moderate or
severe TBI [17]. Our findings may thus not be generalizable to
representative samples of civilians with TBI. In military pop-
ulations, lower relative frequencies were observed for the fol-
lowing study-level characteristics: survey-based samples, sta-
tus as active-duty servicemembers, and TBI subjects assessed
within 12 months of return from deployment. These findings
could be explained by a large overlap in studies characterized
as survey-based, active-duty, and return from deployment
within 12 months [18-30]. Subjects on active duty were sam-
pled regardless of healthcare status, whereas veteran popula-
tions were sampled from Veteran Affairs clinics in clinic-
based studies, and from healthcare administrative databases
in database-based studies. Thus, these military studies could
have a selection bias towards TBI subjects, who are more
likely to present with PTSD.

The observed heterogeneity could also be explained by a
lack of robust and standardized epidemiological assessment
tools of both PTSD and TBI. First, the relative frequencies of
PTSD were mainly determined by diagnostic interviews or
questionnaires, which varied considerably. In civilian studies,
eight different interviews and 12 different questionnaires were
used, while in military studies, seven different interviews and
nine different questionnaires were used. In addition, the most
frequently used questionnaire, the PTSD Checklist (PCL) and
its subtypes, have been shown to have a pooled positive pre-
dictive value of 72% [31]. PTSD questionnaires are therefore
likely to overestimate the number of PTSD cases relative to
structured interviews such as the Clinician-Administered
PTSD Scale (CAPS), the Composite International
Diagnostic Interview (CIDI), and the Structured Clinical
Interview (SCID). Second, differences in enrollment criteria
and assessment of baseline characteristics, could also contrib-
ute to heterogeneity. For example, 10 of 174 studies included
participants with just one episode of TBI. Of the remaining
164 studies, only 13 studies reported the number of life-time
TBIs. Third, we found notable differences in study methodol-
ogy between control populations. In military studies, controls
without combat-related TBI could still have sustained a non-
combat TBI, while controls without military-related TBI
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could have sustained a TBI in civilian circumstances. Fourth,
previous history of PTSD, or the rate of pre-injury PTSD, was
not accounted for in 161 of the 174 included studies. Fifth,
case definitions of TBI varied considerably among studies.
One recent meta-analysis of PTSD following TBI, concluded
that injury severity did not affect the relative frequency and
relative risk of PTSD [32]. We, however, do not believe the
influence of injury severity can be reliably assessed. As men-
tioned above, we found considerable variations in TBI case
definitions, and few studies reporting on PTSD following
moderate to severe TBI. Hence, we were unable to perform
a meta-analysis for military populations with moderate to se-
vere TBI. Moreover, the number of studies and number of
study participants in civilian studies were insufficient for mak-
ing meaningful conclusions about relative frequency or rela-
tive risk. Lastly, some studies relied on certain trauma-related
characteristics (i.e., duration of loss of consciousness (LOC),
blast-related TBI vs. non-blast TBI) for study inclusion. It has
been suggested that subjects with TBI and LOC [21], or blast-
related TBI [33], experience higher rates of PTSD compared
to subjects with TBI without LOC or non-blast TBI. Because
of that, differences in the reported relative frequencies of
PTSD could reflect disparities in certain trauma-related
characteristics.

Conclusions and future directions

PTSD is a common sequela of TBI, and even a mild TBI is
associated with an increased risk of PTSD. We found that
almost one-fifth of civilians with concussions develop PTSD
attributed to TBI, while a staggering 48.2% of military per-
sonnel present with PTSD after TBI. However, due to meth-
odological concerns, accurate data on the prevalence of PTSD
is limited and should be interpreted with caution. In order to
standardize assessments of PTSD and TBI in research set-
tings, epidemiological studies with rigorous methodology
and an international consensus are needed. This will provide
accurate measurements and facilitate comparative analyses in
the future. Furthermore, study-level characteristics (i.e., TBI
severity, LOC, GCS, PTA, pre-trauma psychiatric history)
should be systematically recorded to enable analysis of
PTSD predictors in TBI patients, including the impact of
TBI severity.

In conclusion, TBI-related PTSD constitutes a large-scale
public health burden and a concerted effort is much warranted
to address the devastating impact on patients and their fami-
lies. Considerable heterogeneity in the relative frequency of
TBI-related PTSD underscores the need for an international
standardization of epidemiological studies, so to better eluci-
date the enormous burden and societal costs for both civilian
and military populations.
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