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Epidemiology of recurrent traumatic brain

injury in the general population

A systematic review

ABSTRACT

Objective: To comprehensively assess recurrent traumatic brain injury (rTBI) risk and risk factors
in the general population.

Methods: We systematically searched MEDLINE, EMBASE, and the references of included stud-
ies until January 16, 2017, for general population observational studies reporting rTBI risk or risk
factors. Estimates were not meta-analyzed due to significant methodologic heterogeneity
between studies, which was evaluated using meta-regression.

Results: Twenty-two studies reported recurrence risk and 11 reported on 27 potential risk fac-
tors. rTBI risk was heterogeneous and varied from 0.43% (95% confidence interval [Cl]
0.19%-0.67%) to 41.92% (95% Cl| 34.43%-49.40%), with varying follow-up periods
(3 days-55 years). Median time to recurrence ranged from 0.5 to 3.8 years. In studies where
cases were ascertained from multiple points of care, at least 5.50% (95% Cl 4.80%-6.30%) of
patients experienced a recurrence after a 1-year follow-up. Studies that used administrative
data/self-report surveys to ascertain cases tended to report higher risk. Risk factors measured at
time of index traumatic brain injury (TBI) that were significantly associated with rTBI in more than one
study were male sex, prior TBI before index case, moderate or severe TBI, and alcohol intoxication.
Risk factors reported in a single study that were significantly associated with rTBI were epilepsy, not
seeking medical care, and multiple factors indicative of low socioeconomic status.

Conclusions: rTBl is an important contributor to the general population TBI burden. Certain risk
factors can help identify individuals at higher risk of these repeated injuries. However, higher
quality research that improves on rTBIl surveillance methodology is needed. Neurology®
2017;89:2198-2209

GLOSSARY

Cl = confidence interval; ICD = International Classification of Diseases; MORE = Methodological Evaluation of Observa-
tional Research; RF = risk factor; rTBI = recurrent traumatic brain injury; TBI = traumatic brain injury.

Traumatic brain injury (TBI) causes considerable long-term disability and mortality, creating an
important economic burden for society.'~ Epidemiologic investigations have demonstrated that
TBI is a heterogeneous public health problem because of varying injury determinants and
differing ways to define TBI since there is no gold standard to diagnose the condition.* Another
level of heterogeneity arises from the injury burden being composed of both incident and
recurrent TBI (rTBI) cases, which are distinct entities.” However, the epidemiologic character-
istics of rTBI in the general population have not been comprehensively investigated, as most
studies on the topic have focused on athletes.®

Patients with rTBI are known to have poorer outcomes even when a repeated injury is
mild."*"* In the acute phase, individuals with rTBI have greater disability for a longer duration
when compared to individuals with a single TBIL.” This disability is mainly manifested as more
severe postconcussive symptoms and psychiatric comorbidities.”'? In the long term, there is
growing evidence that repetitive head trauma leads to an increased risk of suicide and chronic

traumatic encephalopathy.'®'4-1¢
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As such, preventing rTBI is important for
controlling the overall general population TBI
burden.'” To achieve the latter, a comprehensive
assessment of its epidemiologic characteristics in
the general population is required. One aim of
this systematic review was to estimate rI'BI risk
in the general population across all disease se-
verities and age groups. A second aim was to
identify rTBI risk factors (RFs) and assess their
strength of association with rTBI. We also
planned to assess factors that explain heteroge-
neity in estimates reported across studies.

METHODS This systematic review was conducted following
a prespecified protocol, which is available on PROSPERO
(CRD42017055597), and adheres to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines.'®

Search strategy and selection criteria. We performed a sys-
tematic search of MEDLINE and EMBASE between database
inception (1946 and 1947, respectively) and October 15, 2016
(updated on January 16, 2017) for studies that reported rTBI risk
or RFs. In consultation with a librarian experienced in conducting
systematic review searches, we developed a broad search strategy
consisting of 2 concepts using keywords and MeSH/EMTREE
indexing terms (e-Methods at Neurology.org). Briefly, concept
1 was for TBI (keywords: “brain injur*,” “concussion,” “head
injur®*”) and concept 2 was for recurrence (keywords: “recur*,”
“multiple”). The “and”

Boolean operator was used to combine these 2 concepts. We

“recidivis®*,”  “repeat®,” “repetit*,”
restricted our search to studies published in English or French
and excluded conference abstracts. O.L. reviewed all titles/
abstracts and full text and 1 of 3 other authors independently
reviewed a subset of the same studies (E.Y.L., G.A.P., J.R.-L.).
All selected titles/abstracts went on to full-text review. Adju-
dication was used to resolve any disagreement between re-
viewers during full-text review.

The inclusion criteria for this systematic review were studies
that reported on the proportion of rTBI cases (individuals expe-
riencing a repeated TBI after an initial injury) among a cohort of
index TBI cases with a defined follow-up period or studies that
reported on RFs and their association measure for a cohort of
index TBI cases. We assessed all baseline characteristics of the
index TBI cohort that were potential RFs. Since our objective
was to estimate rTBI risk, we excluded studies that reported rTBI
prevalence. As this review focused on rTBI in the general popu-
lation, we excluded studies that reported estimates on specific
population subgroups (e.g., athletes, veterans). We also excluded
case reports and reviews. The bibliographies of all included stud-
ies were hand searched to identify additional studies that met the
review’s inclusion criteria. If 2 publications used the same study
population, we included the study with the larger sample size.

Two reviewers (O.L. reviewed all studies) independently
completed data extraction and quality assessment using a pilot-
tested data extraction and quality assessment form. The following
variables were extracted: total number of recurrent events, size of
index TBI cohort, follow-up period (total time followed since
index TBI or average follow-up period for studies recruiting index
cases over many years), crude and adjusted association measures
of all RFs (or individual counts of rTBI cases/noncases that are
exposed/unexposed to the RFs), covariates used to adjust RF asso-

ciation measures, age groups included in the study, mean age, sex

proportions, TBI severity distribution, data source (administra-
tive health data/survey vs registry/medical charts), inclusion crite-
ria for patients with TBI, and TBI/rTBI case definitions. Authors
of included studies were contacted if data on the counts of rTBI
or index TBI cases were missing.

Quality assessment was completed using the Methodological
Evaluation of Observational Research (MORE), which evaluates
the quality of incidence and RF studies based on internal and
external validity domains.”” With this quality assessment tool,
cach domain is scored as “OK,” “minor flaw,” “major flaw,” or
“poor reporting.” This quality assessment checklist has been used
in systematic reviews that adapt the tool to their research ques-

tion.?*?!

The quality assessment was conducted while assessing
the studies’ ability to validly estimate rTBI risk and the associa-
tion between RFs and rTBI. For the quality assessment of RFs,
only the internal validity was assessed since the external validity
criteria were identical to those evaluated for the rTBI risk quality
assessment. The quality of studies was summarized by the pro-
portion of items that were scored as OK, minor flaw, major flaw,

or poorly reported.

Statistical analysis. We reported the rTBI risk (incidence of
repeat TBI among a cohort of patients with an initial TBI over
a defined follow-up period) and the association measures for
rTBI RFs. Crude estimates were reported as risk ratios or odds
ratios and adjusted estimates as hazard ratios or odds ratios (de-
pending on how studies reported them). It was decided a priori
that if study methods and characteristics were too heterogeneous,
a meta-analysis would not be completed.

We planned to use meta-regression analysis for both rTBI risk
and association measures of the RFs if at least 10 studies reported
on a given RF. This constraint was to ensure that the meta-
regression analysis was sufficiently powered.”” The following fac-
tors were assessed as heterogeneity factors: age groups included
(children vs adults or entire population), follow-up period (half of
study period for studies recruiting TBI cases longitudinally),
study quality (number of OK criteria), data source to ascertain
rTBI cases (administrative/survey data vs registry/clinical assess-
ment), and comprehensiveness of cases ascertained (at one vs
multiple points of care: emergency department, hospitalization,
or outpatient). Data sources were categorized as such because
administrative data and self-report surveys have been shown to
be less accurate than clinical assessment or registries to ascertain
TBI cases.”” The amount of between-study heterogeneity ex-
plained by these covariates was estimated with the R statistic.”?

All analyses were conducted in STATA 14 and forest plots
were produced using R (Metafor package).

RESULTS Our search identified 8,319 potentially rel-
evant citations and 357 publications were retained for
full-text review. A total of 29 publications met the
inclusion criteria for rT'BI risk assessment. Seven of these
publications were studies completed on the same pop-
ulation as another publication that met the inclusion
criteria but that had a smaller sample size. As such, 22
studies* were retained for rTBI risk analysis and 11

26:30-32:35-37.4043.4647 \ere retained for the analysis

studies
of rTBI RFs (figure 1). A meta-analysis was not com-
pleted because of significant methodologic heterogeneity

between included studies.

Recurrent TBI risk. The included studies contained
406,982 TBI cases, 38,981 of which went on to have
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of included and

excluded studies
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Flow diagram of search results for the systematic review. The detailed search strategy is available in the e-Methods. The
e-Results provide a list of all included studies for the recurrent traumatic brain injury (rTBI) risk and risk factor analysis.
The e-Results also provide a list of the 7 publications that were excluded from the analysis because they had the same

population as 1 of the 22 included studies.

an rITBI. The risk of rTBI varied from 0.43% (95%
confidence interval [CI] 0.19%—-0.67%) to 41.92%
(95% CI 34.43%-49.40%) (figure 2). After at least
1-year follow-up, 5.50% (95% CI 4.80%-6.30%) of
individuals had a recurrent event when rTBI cases were
ascertained at multiple points of care. Follow-up time
ranged from 3 days to 55 years. Study methods and
characteristics were heterogeneous (table 1 and further
details in table e-1) and only 50% of the studies had
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a primary aim related to rIBI. Cases were mainly as-
certained from administrative data (41%),>>3%343%44 byt
some studies used surveys (18.1%),%***%>% medical
charts  (31.8%),712603%404248%  and  trauma registries
(9%).734! Index and rTBI case definitions varied sig-
nificantly across studies. In 4 studies,”?"33% all age
groups were included, whereas all other studies limited
the population to specific age groups. One study

restricted TBI and rTBI cases to sports-related injuries



{ Figure 2 Recurrent traumatic brain injury (rTBI) risk estimates

Study
(year)

Ref #24
Ref #25
Ref #26
Ref #27
Ref #28
Ref #29
Ref #30
Ref #31
Ref #32
Ref #33
Ref #34
Ref #35
Ref #36
Ref #37
Ref #38
Ref #39
Ref #40
Ref #41
Ref #42
Ref #43
Ref #44
Ref #45

Average
follow-up Index
(years) rTBI(n) TBI(n) Risk (95% ClI)
55.00 10 42 0.238 (0.109, 0.367)
25.00 397 5984 - 0.066 (0.060, 0.073)
21.50 12680 104290 . 0.122 (0.120, 0.124)
15.44 3595 21047 - 0.171 (0.166, 0.176)
15.00 450 6614 - 0.068 (0.062, 0.074)
15.00 428 2428 —.— 0.176 (0.161, 0.191)
11.50 21 236 —— 0.089 (0.053, 0.125)
11.00 29 431 —a— 0.067 (0.044, 0.091)
10.00 329 1915 —.— 0.172 (0.155, 0.189)
7.00 15522 236164 = 0.066 (0.065, 0.067)
6.00 213 959 — 0.222 (0.196, 0.248)
5.00 76 470 —— 0.162 (0.128, 0.195)
3.50 19 1155 - 0.016 (0.009, 0.024)
3.00 70 167 —=——— 0.419(0.344, 0.494)
2.25 128 674 — 0.190 (0.160, 0.220)
1.50 4651 12931 - 0.360 (0.351, 0.368)
1.00 72 725 —— 0.099 (0.078, 0.121)
1.00 198 3599 - 0.055 (0.048, 0.062)
1.00 30 298 — 0.101 (0.067, 0.135)
0.75 5 95 —— 0.053 (0.008, 0.098)
0.50 46 3971 - 0.012 (0.008, 0.015)
0.01 12 2787 L] 0.004 (0.002, 0.007)
[ I | | I I |
0.000 0.100 0.200 0.300 0.400 0.500
rTBI risk

rTBI risks reported in the 22 included studies. The forest plot is ordered from studies with the longest to shortest average follow-up period. Cl = confidence
interval; TBI = traumatic brain injury.

in the general population.®® Five studies reported the
risk of rTBI at different follow-up time after index
TBIL.2833344041 Many recurrent events occurred early
after the index case; the median time to rTBI was under
6 months in 1-year-long studies that used a compre-
hensive rTBI case ascertainment definition.”**" In
contrast, the median time to recurrence was 3.8 years for
a study with a 15-year follow-up period that only
included rTBI cases hospitalized for less than 2 days
(figure e-1).%8

MORE-defined study quality revealed that inter-
nal validity had more flaws and poor reporting than
external validity. Regarding internal validity criteria,
all studies poorly reported on at least 1 item and 21
studies had at least 1 minor flaw. In contrast, 6 studies
did not have any flaws or poor reporting for external
validity criteria (figure 3 and table e-2). For internal
validity, the most common major flaw, minor flaw,
and poorly reported criteria were not using a validated
method to measure rTBI occurrence, using a data
source intended for health care purposes to measure
incidence, and not reporting the precision of rTBI
estimates, respectively. For external validity, the most

common major flaw, minor flaw, and poorly reported
criteria were using a nongeneral population sampling
frame, not adjusting for sampling bias, and not pro-
viding a flow diagram of participants included/
excluded from the study, respectively.

We explained the heterogeneity of estimates
between studies through meta-regression analysis.
The data source used to ascertain cases explained
25%-29% of the between-study variance, with stud-
ies using administrative data or surveys reporting
higher risks. Studies ascertaining cases at more than
1 point of care (emergency department, hospital,
clinic) tended to report higher risks, but this only
explained 9% of the between-study variance. Other
study-level factors, including study follow-up time,

did not explain significant heterogeneity (table e-3).

Risk factors for rTBI. Eleven studies reported on 27
different potential RFs. The RFs at the time of initial
injury that were significantly associated with a higher
risk of rTBI in more than a single study were male sex
(3/8 studies), prior TBI (3/5 studies), moderate/

severe TBI (2/4 studies), and alcohol intoxication
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Table 1

Authors

Chen et al.2*

Annegers
et al.2®

Sariaslan
et al.2®

Richard
et al.2”

Teasdale
et al.2®

McMillan
et al.2®

Wingqvist
et al.3°

Vaaramo
et al.3*

Bijur et al.32

Wilson and
Selassie®®

Harris
et al.3*

Edna and
Cappelen3®

Partington3¢

Liu and Li®7

Description of 22 included studies that assess recurrent traumatic brain injury (rTBI) risk/incidence

Country

USA

USA

Sweden

Canada

Denmark

UK

Finland

Finland

UK

USA

Canada

Norway

UK

China

Study period

1993-1996

1935-1984

1973-2013

1987-2008

1979-2009

1995-2011

1978-2000

1999-2009

1970-1980

1998-2011

1997-2008

1979-1984

1952-1958

2004-2005

Study design
(rTBI as
primary aim)

Case-control
(no)

Cohort (no)

Cohort (no)

Cohort (no)

Cohort (yes)

Case-control
(no)

Cohort (yes)

Cohort (yes)

Case-control
(ves)

Case-control
(yes)

Cohort (yes)

Cohort (no)

Cohort (no)

Cohort (yes)

Follow-up,
y

30-80

0-50

3-40

0-22

0-30

15

0-23

11

10

0-14

0-12

0-7

0-6

Inclusion criteria for index TBI

Self-report of any TBI from controls in
New England matched to ALS cases
on age, sex, and area code from 1993
to 1996

Inpatient, ED, or outpatient visits for
TBI

Inpatient, ED, and outpatient visits for
TBI of individuals born from 1973 to
1985 occurring before age 25 y

Inpatient, ED, and outpatient visits
for TBI

Inpatient visits for men with concussion
for less than 2 days and who were
assessed by the Draft Board after age
18 between 2006 and 2010

Inpatient visits in Glasgow with mild
head injury (GCS = 13)

Inpatient or ED visits lasting >24 h
for TBI

ED visits for TBI at a single hospital

Parent self-report of any TBI for
community children in the UK

Inpatient/ED visits for TBI

ED visits for sports injuries within 5
hospitals’ catchment areas of
Edmonton’s metropolitan area

Inpatient visits at 4 surgical
departments

Inpatient visits for head injury at
a single children’s hospital 1952-1958

Community sample of 6-y-old
schoolchildren in Jintan

Data source

Survey

Administrative: Medical
record linkage system of

the Rochester

Epidemiology Project

Administrative: National

Patient Register

Administrative: Régie de
I'Assurance Maladie du
Québec medical services

database

Administrative: Ministry of

Health database

(Landspatientregister)

Administrative:

Information Services
Division of the National
Health Survey of Scotland

Administrative: Finnish

Hospital discharge
register

Discharge register and ED
checklist (index TBI)/
administrative data of
hospitalizations and
hospital charts (rTBI)

National survey

South Carolina TBI

Surveillance System

Administrative:
Ambulatory Care

Classification System

Survey

Medical chart

Parent self-report survey

rTBI definition

Patient self-report of
TBI requiring medical
care during lifetime

Clinical definition

ICD 8/9/10 TBI code
15 days after index TBI

ICD-9 TBI code 90
days after index

ICD 9/10 TBI code 3
days after index TBI

ICD 9/10 code

ICD 8/9/10 codes for

TBI

ICD-10 TBI code from

National Hospital

Discharge Register and
hospital charts from

Oulu Hospital

Parent self-report

ICD-9 TBI code 1
week after index

ICD 9/10 TBI code 14
days after index TBI

Patient self-report

Clinical diagnosis

Parent self-report

Age group,
y

30-80
All

0-25

0-17
0-35
>14
12-34

All

0-10

All

1-35

15-64
0-13

0-6

Time to rTBI

NA

NA

NA

NA

Median:
38y

NA

NA

NA

NA

11.6% at
1 mo and
23.1% at
6 mo®

Median:
613 days
NA

NA

NA

rTBl/index TBI, n

10/42

397/5,984

12,680/10,4290

3,595/21,047

450/6,614

428[2,428

21/236

29/431

329/1,915

15,522/236,164

213/959

76/470

19/1,155

70/167

rTBI
risk

0.24

0.07

0.172

0.068

0.176

0.09

0.067

0.066

0.222

0.016

0.42

Continued
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{ Table 1 Continued }

Study design

(rTBI as Follow-up, Age group, rTBI
Authors Country Study period primary aim) y Inclusion criteria for index TBI Data source rTBI definition y Time to rTBI rTBI/index TBI, n risk
Lee and USA 2004-2008 Cohort (no) 0-4.5 All concussion patients referred to Medical chart Clinical 11-19 NA 128/674 0.19
Fine®® an outpatient practice
Chuetal®® Taiwan 2004-2006 Cohort (no) 0-3 All medical claims for TBI in Administrative: ICD-9 TBI code >18 NA 4,651/12,931 0.359
2004/2005 Longitudinal Health
Insurance Database of
Taiwan
Theadom New 2010-2011 Cohort/case- 1 Inpatient/outpatient visits and self- Clinical interview, medical Clinical: diagnostic All 61.1% at 72[725 0.1
et al.*° Zealand control for risk reported cases in Hamilton, New chart, self-report, committee established 6 mo
factor analy- Zealand administrative health data diagnosis
ses (yes)
Swaine Canada 2000-2003 Cohort (yes) 1 ED visits for TBI to 2 pediatric ED trauma registry (index Parent self-report of 1-18 58.2% 198/3,599 0.055
et al.** provincial neurotrauma centers TBI) and parent self-report TBI requiring medical 6 mo
(rTBI) attention
Klonoff*2 Canada 1968-1970 Case-control 1 Inpatient and ED visits for TBI Medical chart and parent  Parent self-report 0-16 NA 30/298 0.10
(no) presenting to a single pediatric self-report survey
hospital
Taubman USA 2011-2013 Case-control  0-1.5 Outpatient primary care visits for Medical chart Clinical definition 11-19 NA 5/95 0.053
et al.*® (yes) concussion without intracranial
lesions on imaging, occurring within
7 days of TBI and for patients not
hospitalized greater than 24 h
Collins USA 2010-2011 Cohort (no) 0-1 Inpatient, ED, and outpatient visits at ~ Administrative: local ICD-9 TBI code 90 0-20 NA 46/3,971 0.01
et al.** a single pediatric hospital hospital database days after index
Ganti USA 2008-2011 Cohort (yes) 72h ED visits at single level 1 trauma Administrative: local Patients presenting >18 NA 12/2,787 0.004
et al.*® centre (GCS =13) hospital database and back to the same ED

medical chart for severity with a new TBI
and rTBI assessment

Abbreviations: ALS = amyotrophic lateral sclerosis; ED = emergency department; GCS = Glasgow Coma Scale score; ICD = International Classification of Diseases; NA = not available/reported; rTBI = recurrent
traumatic brain injury; TBI = traumatic brain injury.

Further details on the characteristics of the studies are available in table e-1.

@ Authors were contacted to obtain the number of rTBI events and the average follow-up period (15.4 years) of the index TBI cases.

®Median time to injury was taken from Saunders et al.*” which was conducted on the same population as Wilson and Selassie.>®



[ Figure 3 Quality assessment for recurrent traumatic brain injury (rTBI) risk
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Quality assessment of rTBI risk stratified by internal and external validity. The proportion of each type of response to the 6 external validity criteria and 7
internal validity criteria is shown. Table e-2 provides a summary of the criteria used in the quality assessment.

2204

(3/4 studies). Other studies measuring these RFs gen-
erally reported estimates in the same qualitative direc-
tion but with less precision. RFs significantly
associated with a higher risk of rTBI but where esti-
mates were only reported in a single study were
epilepsy disorder®® and not seeking medical care.’
Moreover, several factors related to low socioeco-
nomic status (lowest decile income level,® uninsured
status,” low education level,*” parental criminal his-
tory?®) were associated with higher rTBI risk. In con-
trast, rural residence and nonwhite race was associated
with a decrease in rTBI risk, although these estimates
were imprecise. Multiple studies reported other RFs
(age, education level of parents, and mechanism of
injury) but their association with rTBI occurrence

Neurology 89 November 21, 2017

was less conclusive because of conflicting results or
imprecise estimates (figure 4). When reported,
adjusted RF association measures generally showed
the same qualitative association as the crude association
measures but were often imprecise. Meta-regression
analysis was not completed for RF association meas-
ures since no RF was reported by at least 10 studies
(lack of power to conduct the analysis).

RF quality assessment was variable across different
RFs and the 10 studies that reported on them (figure
e-3). Poor reporting and minor flaws were identified
across all RFs. Major flaws were common and affected
all risk factors, except for not secking medical care
within 24 hours. Many of the same quality assess-
ment criteria were affected across different risk factors

© 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



[ Figure 4 Association measures for all identified risk factors 1

RF+/ RF+/ RF-/ RF-/

Risk factor Study rTBI+ rTBI- rTBI+ rTBI- Crude RR Adjusted HR/OR
Ref #26 9154 58027 3526 33583 i 1.43 (1.38-1.49)
Ref #30 14 154 7 61 —— 0.85 (0.34-1.92) 0.86 (0.33-2.28)
Ref #31 36 528 16 247 —— 1.05 (0.59-1.86) 0.88 (0.47-1.64)
Ref #32 232 904 97 682 s 1.64 (1.32-2.04)
Sex(male) Ref#35 60 283 16 111 —— 1.39 (0.83-2.32)
Ref #36 15 810 4 351 — 1.61 (0.54-4.83)%
Ref #37 39 57 31 40 = 0.93 (0.65-1.33)
Ref #46 214 2607 89 1447 — 1.31 (1.03-1.66) 1.28 (1.00-1.65)
Ref #31 6 28 46 747 ————  3.04 (1.40-6.63) 3.39 (1.32-8.72)
Ref #35 14 49 62 345 —— 1.46 (0.87-2.44)
Prior TBI Ref #40 43 31 28 38 —— 1.88 (().96—3.69)b
Ref #43 24 10 66 80 i ————  2.91(1.30-6.52)°
Ref #46 24 158 279 3896 D o— 1.97 (1.34-2.91) 1.62 (1.08-2.42)
Ref #26 2427 21187 7346 73330 - 1.13 (1.08-1.18)
Severity (moderate/ Ref #30 2 28 19 187 —_— 0.72 (0.18-2.95) 1.43 (0.28-7.22)
severe vs. mild) Ref #31 10 101 19 301 ——— 1.52 (0.73—3.16)cI P
Ref #46 160 1800 142 2254 Has 1.37 (1.11-1.71) 1.24 (1.00-1.54)
Ref #30 9 27 12 188 ———— 4.17 (1.89-9.16) 4.41 (1.53-12.70)
I Ref #31 28 268 24 507 C—— 2.09 (1.24-3.54) 2.51 (1.38-4.56)
Alcohol infoxication Ref#40 13 13 57 56 —_— 0.98 (0.42-2.30)°
Ref #47 46 435 101 1517 f—t 1.53 (1.10-2.14)
Ref #30 7 150 14 65 ———— 0.25 (0.11-0.60) 0.23 (0.09-0.59)
Rural Ref #37 10 19 60 78 e 0.79 (0.46-1.36)
Ref #40 17 19 55 53 — 0.86 (0.41—1.83)b
Ref #46 70 1042 233 3012 eh 0.88 (0.68-1.14)
Ref #30 2 36 19 179 '—'——* 0.55 (0.13-2.26)
Mechanism Ref #40 29 24 43 48 =y 1.35 (0.68—2.66)°
(fall vs. other) Ref #46 109 1212 194 2842 s 1.29 (1.03-1.62)
Ref #26 4807 30765 7873 60845 ] 1.18 (1.14-1.22)
Single parent Ref #30 3 15 18 200 ——e——— 2.02(0.66-6.21) 1.64 (0.45-6.02)
Ref #37 1 5 67 89 ——————————— 0.39 (0.06-2.34)
o e Ref#31 - 1.22 (1.00-1.34) 1.11 (1.00-1.34)
Age (10-yearincrease)”  perugg g 1,03 (0.98-1.07) 0.96 (0.82-1.05)
Ref #40 7 3 62 65 —_— 2.45 (0.61-9.89)°
Drug use Ref#47 13 111 134 1941 i 1.62 (0.95-2.79)
; Ref #40 56 55 16 17 —_— 1.08 (0.50-2.35)°
Race (nonwhite) Ref#46 77 1196 226 2858 - 0.83 (0.64-1.06) 0.65 (0.50-0.84)
Ref #40 42 42 24 28 —— 1.17 (0.58-2.33)°
Polytrauma Ref#46 203 2931 100 1123 - 0.79 (0.63-1.00)
Lifetime psychiatric Ref #26 4187 26461 8493 65149 i 1.18 (1.14-1.23)
comorbidity in parent Ref #37 6 4 64 93 —— 1.47 (0.86-2.53)
Parent's education Ref #26 2563 16696 10117 74914 i 1.12 (1.07-1.17)
(<high school) Ref #37 18 45 52 52 —— 0.57 (0.37-0.88)'
Education (<college) Ref #47 111 1294 36 658 ——t 1.52 (1.06-2.19
Medical comorbidities Ref #46 146 1914 157 2140 >—-—< 1.04 (0.84-1.29)
Insurance (uninsured) Ref #46 108 1026 195 3028 — 1.57 (1.26-1.97)
Epilepsy Ref #46 40 316 263 3738 e 1.71 (1.25-2.34)
Father's occupation :
(unemployed) Ref #37 1 7 69 90 ———'—< 0.29 (0.05-1.82)
Mother's occupation i ¥
(unemployed) Ref #37 2 9 68 88 ———— 0.42 (0.12 1.4??-
Father's smoking status : g
(ronsmoker) Ref #37 15 16 52 78 s 1.21(0.80-1.84)
Mother's age at ; ¥
child's birth (<25 years) Ref #37 14 24 56 73 e 0.85 (0.54-1.35)
Lead (210ug/dL in blood)  Ref #37 5 7 65 90 — 0.99 (0.50-1.99)
Parent with a . _
criminal history Ref #26 6722 42365 5958 49245 i 1.27 (1.23-1.31)
Income (lowest decile) Ref #26 1631 9797 11149 81813 0 1.13 (1.07-1.18)
Comorbid psychiatric H -
condition Ref #31 4 26 48 749 — 2.21(0.85-5.74)
Not seeking medical : . b
care within 24 hours Ref #40 19 8 53 64 : 2.87 (1.16-7.09)
Skull fracture Ref #35 14 60 62 334 ——— 1.21 (0.72-2.04)
0.10 1.00 5.00
Crude risk ratio

Forest plot of association measures for the 27 risk factors identified in the systematic search and measured at baseline
(incident traumatic brain injury [TBI]). Covariates used for adjustment and matching are provided in table e-5. 2Risk ratio
(RR) was calculated using all occurrences of recurrent TBI (rTBI) and not for individual patients (data were not available;
there were 44 repeat injuries in 25 patients). PAll studies reported by Theadom et al.*® are adjusted odds ratios (ORs)

Continued
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for a given study. The most common major flaw was
not validating the method used to measure rTBI
occurrence, and the most common minor flaw was
that many studies’ data sources were primarily in-
tended for medical purposes. Poor reporting was most
frequently the result of not providing any justification
for the sample size used (table e-4).

DISCUSSION The epidemiologic characteristics of
rTBI in the general population were previously un-
characterized. This systematic review has comprehen-
sively described the important contribution that rTBI
has to the overall TBI burden. After 1 year of follow-
up from the time of an index TBI, at least 5.5% of
individuals will have a recurrence that requires med-
ical attention. As such, these recurrent events play an
important role in amplifying the TBI burden since
they are known to be associated with increased dis-
ability.'*'® Furthermore, we have shown that many
recurrent events occur in the first 6 months after
index TBI. Previous evidence demonstrates that
shorter intervals between index TBI and rTBI are
associated with greater disability since the injured
brain is still recovering from the initial injury.*%
Thus, these early recurrences, which are common, are
particularly burdensome to the general population.
Our study demonstrates that many RFs for rTBI
are similar to those for incident TBI. Males have
a higher incidence of TBI across all populations and
age groups, which is similar to the association we
found for rTBIL.?"*° In addition, we described an
increasing risk of rTBI among younger children in

%6 which resembles the pattern seen for

one study,
first-time injuries.’' Older age has also been shown
to be a risk factor for incident TBI, although this
characteristic was inconclusive for rTBI in our
study.”? Given this evidence, rTBI may also have
a bimodal distribution where younger children and
older adults are at higher risk, but further investiga-
tion is warranted. Also, alcohol intoxication is known
to increase the risk of TBI and appears to be an
important factor in predicting rTBL>* In fact, one
study demonstrated that brief alcohol interventions
at the time of index trauma reduce the risk of trauma
recurrence.’* Moreover, patients with an epilepsy dis-
order seem to be at higher risk of rTBI, which sup-
ports the idea that patients with epilepsy have a higher
risk of injuries.” Finally, our study demonstrates that
lower socioeconomic status is associated with an

increased risk of rTBI, which is substantiated by other
studies that have provided similar findings.”*”

We also identified RFs for rTBI that differ from
those for index injuries or are unique for rTBI. Pa-
tients with a moderate or severe index TBI are more
likely to endure rTBI than cases with a mild index
TBI, suggesting that more disabling injuries are asso-
ciated with a greater risk of recurrence.’® Similarly,
prior TBI before the initial injury under study also
predicted a higher risk of recurrence, which indicates
that rT'BI risk in the general population increases as
more injuries occur. Similar evidence in athlete pop-
ulations supports this association.® Furthermore, non-
white race and rural residence tended to demonstrate
a protective, yet imprecise, association for rTBI. Sim-
ilarly, some RFs related to lower socioeconomic status
(unemployed parents, low parental education) are
also associated with a decreased rTBI risk. These
RFs are typically associated with an increased risk
for incident TBIL.>* Such discrepancies may be ex-
plained by the fact that individuals in these social
settings may have poorer access to health care, which
would lead to an underestimation of their rT'BI risk.
Clearly, further investigations on these RF associa-
tions are required. In short, knowledge of these RFs
provides stakeholders in TBI prevention with a means
to identify patients at higher risk of recurrence, such
that prevention efforts geared towards these individ-
uals may be prioritized.

As this review confirms, there has only been lim-
ited research on rTBI epidemiology in the general
population. In contrast, there has been substantial
research dedicated to this topic in athletes.® For exam-
ple, interventions to reduce the risk of rTBI in ath-
letes, such as delaying return to play, have been
shown to be effective.® Analogous interventions that
mitigate the risk of rTBI in the general population
have not been investigated, perhaps because there had
never been a comprehensive description of its fre-
quent occurrence. Despite the extensive review we
completed, we must highlight that many studies we
included have important validity flaws, since half of
them did not have a primary aim related to rTBI.
Therefore, research that primarily focuses on rTBI
is required to produce higher-quality evidence on
the topic. In such studies, it would be important to
develop and use uniform methods to measure rTBI
and baseline RFs, which is similar to what has been
suggested to improve the quality of incident TBI

Figure 4 legend, continued:

because cases and controls were matched. °Crude estimate is an OR. “Comparison is severe vs moderate/mild. °Crude
estimate is a hazard ratio (HR) and standardized mean differences are not shown but reported in figure e-2. ‘Data are shown
for father's education only, but similar estimates were also reported for mother's education (not shown). Saunders et al.*®
and Saunders et al.*” were used to assess risk factors (RFs) instead of Wilson and Selassie,3® which did not report RFs but

had a larger sample size for the same study population.

Neurology 89 November 21, 2017



surveillance.” In addition, the timing of injuries after
the index case should be reported so that the high-risk
period of recurrence can be thoroughly assessed. By
following such recommendations there would be less
methodologic heterogeneity between studies, which
would allow for better comparisons of rTBI epidemi-
ologic characteristics across jurisdictions and time.

An important contributor to the aforementioned
heterogeneity of rTBI risk and RF associations is
the variability of case definitions for rTBI across dif-
ferent data sources. This heterogeneity similarly af-
fects surveillance studies for incident TBI where
comparing estimates across jurisdictions is challeng-
ing.?"* However, when studying rTBI, varying
follow-up times used to assess the outcome as well
as the unknown validity of case definitions further
complicate this problem. Regarding incident TBI,
administrative data have been shown to be inaccurate
at identifying cases (sensitivity of 45%-70% and
specificity of >97%), but such information is not
available for rTBL.® We demonstrated that studies
using administrative health data or surveys report
higher rTBI risk, which suggests that these data sour-
ces may lack specificity for detecting rTBI cases. For
example, participants in studies using surveys to assess
rI'BI may overreport the occurrence of events. In
studies using administrative data, this lack of speci-
ficity may result from ICD-coded claims being iden-
tified as rTBI when they are in fact follow-up visits for
the index TBI. This problem is particularly apparent
in Chu et al.,* where a high rTBI risk of 36% over
a follow-up period of up to 3 years was reported.
These authors did not exclude medical claims with
a TBI diagnosis for a certain period after the index
TBI, as was done in other studies to ensure that
follow-up visits for the index case were not counted
as rTBI cases.?***%% Since administrative health
data provide a feasible and timely approach to con-
duct surveillance and epidemiologic research, studies
evaluating the accuracy of case-detection algorithms
for rTBI in these data sources are required.

Our systematic review has several limitations.
First, publication bias may have occurred since we on-
ly included the peer-reviewed literature and public
health reports on rTBI may be available in the gray
literature. We decided to omit these studies since an
important component of this review was to focus
on the quality assessment of included studies and
the MORE checklist was not designed to evaluate
the gray literature. Second, there was significant het-
erogeneity in the methods and populations used to
assess rI'BI risk and RFs across studies. This limited
our ability to meta-analyze the risk and RF association
measure estimates even when studies had similar
follow-up periods. Although we were unable to esti-
mate the risk of rTBI over time, we still demonstrated

that there is a tendency for the risk to be the highest
in the first months to years after the index case.
Finally, many RFs only had crude association meas-
ures reported. Confounding of the association
between the RFs and the rTBI outcome is thus pos-
sible. Conclusions on association measures did not
change when comparing crude and adjusted esti-
mates, but we must still cautiously interpret them.

rTBI affects a significant proportion of individuals
with TBI, oftentimes early after a first injury, ampli-
fying the overall TBI burden in the general popula-
tion. Several factors can help identify patients at
a higher risk of recurrence. However, there is signifi-
cant heterogeneity of estimates between studies and
methodologic flaws compromise the quality of the lit-
erature on the topic. As such, further high-quality
research is needed to validate approaches for measur-
ing rTBI occurrence so that it is possible to accurately
conduct surveillance, assess risk factors, and evaluate
potential rTBI-mitigating interventions in the general
population.
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