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ABSTRACT
Objective  We aimed to examine the risk of concussion in 
children with a previous history of concussion.
Design  Systematic review and meta-analysis. The primary 
outcome was number of children with and without a 
previous lifetime history of concussion who sustained a 
diagnosed concussion within each study period. Risk of bias 
was assessed using the Newcastle-Ottawa Scale. A random 
effects model was used to estimate a pooled risk ratio (RR) 
with corresponding 95% CIs; results were summarised in 
forest plots.
Data sources  Four electronic databases (MEDLINE, 
Embase, CINAHL, SPORTDiscus) and selected reference 
lists were searched (PROSPERO registration No 
CRD42019135462).
Eligibility criteria  Original English language peer-reviewed 
publications that compared concussion risk in children aged 
5–18 years with and without a previous concussion history in 
which risk estimates were reported or able to be calculated.
Results  Of 732 identified studies, 7 studies representing 
23 411 children (risk of bias range, 7–9; maximum possible 
score=9) were included for meta-analysis. Pooled risk of 
sustaining a concussion was more than three times greater 
in children with a previous concussion compared with those 
with no previous concussion (RR=3.64; 95% CI: 2.68 to 
4.96; p<0.0001; I2=90.55%). Unreported sex-stratified data 
precluded direct comparison of concussion risk in male versus 
female athletes.
Conclusion  Previously concussed children have four times 
the risk of sustaining a concussion compared with those with 
no previous concussion history. This should be a consideration 
for clinicians in return to sport decision-making. Future 
studies examining subsequent recurrent concussion in youth 
sports must consider sex differences.

INTRODUCTION
Widespread media attention on the impact of concus-
sion in professional athletes has increased public 
concern about the sequelae and consequences of 
concussion.1 One to two million children under 18 
years of age sustain a sport-related or recreation-related 
concussion in the USA every year.2 With over 30–45 
million children participating in non-scholastic organ-
ised sports and 7.6 million adolescents participating in 
high-school athletics in the USA each year, youth repre-
sent the highest at-risk group for injury.3 4 The highest 
risk of sustaining a concussion is in collision sports such 
as rugby, ice hockey and American football, with inci-
dence rates ranging from 0.5 to 4.2 concussions per 
1000 athlete exposures.5–7 In sex-comparable sports, 
adolescent females may be at a greater risk of both 

sustaining a concussion8–10 and experiencing higher 
symptom burden,9 11 delayed symptom recovery12–14 
and greater impairments in reaction time, processing 
speed and executive function9 10 compared with their 
male counterparts.

Compared with college and professional athletes, 
adolescents appear more vulnerable to concussion and 
take longer to recover due to neurological immaturity, 
thinner cortical skull bones and weaker supportive 
neck musculature.15–19 This is particularly concerning 
given the preventable nature of the injury in a critical 
period of neurological development. Furthermore, 
adolescents are more susceptible to the rare, but cata-
strophic, effects of second impact syndrome if they 
return to high-risk activities prematurely and sustain 
an exacerbation while still symptomatic from the 
initial concussion.20 Although the majority of concus-
sion research involves college and professional athletes, 
existing return to sport (RTS) guidelines developed to 
reduce risk of subsequent injury assume recommenda-
tions apply equally to all ages.21 These guidelines allow 
return to physical activity (eg, walking, low-risk activ-
ities) early on, but require medical clearance for RTS 
(eg, unrestricted contact, competition, high-risk activi-
ties), only once the athletes are asymptomatic.

A previous history of concussion has been associated 
with an increased risk of any injury,22 risk of concus-
sion15 22 and risk of lower extremity musculoskeletal 
injury22–24 compared with those without a previous 
history of concussion. However, existing systematic 
reviews have either focused on adult populations 
(college football and hockey athletes, and military 
personnel),22 or did not present adult and paediatric 
results separately,15 limiting applicability to children. 
The primary objective of this systematic review was 
to examine the risk of concussion in children aged 
5–18 years who had experienced a previous history 
of concussion compared with those with no previous 
lifetime history of concussion. Our secondary objective 
was to compare the risk of concussion in children with 
a previous history of concussion compared with no 
previous history of concussion, stratified by sex.

METHODS
Study identification: data sources and search 
strategy
This systematic review was registered a priori with 
PROSPERO (No CRD42019135462) at https://
www.​crd.​york.​ac.​uk/​prospero/​display_​record.​php?​
RecordID=​135462 and was reported according to 
Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) guidelines.25 We 
focused on risk of concussion exclusively as there 
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was only one identified study that examined risk of (lower 
extremity) musculoskeletal injury following concussion. Four 
electronic databases were searched: MEDLINE including Epub 
Ahead of Print, In-Process & Other Non-Indexed Citations 
(1946 to 21 May 2019) and Embase (1947 to 21 May 2019) 
using the Ovid interface. CINAHL and SPORTDiscus were 
searched 22 May 2019 using the EbscoHost interface (data-
base dates not provided). Database-specific search terms for the 
concept of concussion were peer reviewed as part of an earlier 
systematic review.26 We updated our search in MEDLINE and 
Embase to include the term *exacerb*.mp to be comprehensive 
and advance consistency of terminology adopted by the Inter-
national Consensus Statement on Methods for Recording and 
Reporting of Epidemiological Data on Injury and Illness in Sport 
2020 that was published after our original literature search.27 
Search strategies are presented in online supplemental appendix 
1. Searches were designed and conducted by a librarian experi-
enced in systematic reviews, using a method designed to optimise 
term selection.28 References of included studies and relevant 
systematic reviews were manually searched and newly identified 
records were integrated into the set for screening.

Study selection criteria
Studies were included if they were original peer-reviewed 
English publications that reported risk of concussion in children 
aged 5–18 years with a previous history of concussion compared 
with those with no previous lifetime history of concussion and 
reported effect estimates routinely used as measures of injury risk 
(ie, risk ratio (RR), OR, HR, incidence rate ratio)29 that provided 
sufficient data for RRs to be calculated. As per consensus recom-
mendations, a recurrent concussion was considered a subsequent 
injury ‘to the same location and tissue as the index injury’, where 
the ‘index injury was healed/fully recovered’.(p375).27

Studies were excluded for the following reasons: (1) history of 
moderate-to-severe traumatic brain injury; (2) no documented, 
self-reported, or parent-reported head trauma; (3) non-sports-
related injury; (4) evidence of structural injury or intracranial 
bleeding on neurodiagnostic imaging (if available); (5) head and 
orthopaedic injuries not reported separately; (6) child and adult 
data not reported separately in a mixed-age cohort; and (7) case 
reports, case series with n<10, letters to the editor, abstracts or 
conference proceedings.

Duplicate records were removed online. Records were down-
loaded and imported into a Reference Manager database where 
a second deduplication process was undertaken, and then 
uploaded to InsightScope. Records were appraised against the 
inclusion criteria using a three-step approach. Two independent 
reviewers screened titles/abstracts of citations resulting from the 
search strategy to identify potentially relevant studies. In the 
event that no abstract was available, the full text was reviewed 
to ensure relevant studies were not missed. Full texts were then 
assessed for eligibility by two independent reviewers according 
to pre-established inclusion/exclusion criteria. When there was 
disagreement, the two reviewers reached consensus through 
collaborative discussion without the need for a third reviewer.

Data extraction
Two independent reviewers extracted the following information 
into a standardised data extraction form: author, year of publi-
cation, study design, country, length of exposure, study popula-
tion (age, sex, sport, recruitment source), sample size, outcome 
measured and injury definition. We extracted data count and 
both unadjusted and adjusted measures of association with 

95% CIs. Effect estimates were reported based on describing 
increased risk of concussion. Where sex-stratified results were 
not published, we contacted the authors to obtain the raw data 
needed to make the calculations.

Assessment of risk of bias
Risk of bias was independently assessed by two reviewers using 
the Newcastle-Ottawa Scale (NOS).30 The NOS comprises eight 
criteria across three categories (maximum score nine stars) 
assessing selection criteria, comparability and exposure for 
case–control studies, and selection criteria, comparability and 
outcome for cohort studies. A high score indicates a low risk of 
bias. Discrepancies in scoring were resolved by discussion and 
consensus obtained between the two reviewers.

Data synthesis and meta-analysis
We performed a random effects meta-analysis to pool RRs across 
the studies and the results are summarised in a forest plot. When 
data (event count and sample size) were available, we calcu-
lated the RR for the studies before pooling, otherwise, we used 
the RR and its CI reported in the study. If both adjusted and 
unadjusted RRs were provided, we used the unadjusted values. 
When ORs were reported, we converted ORs to RR, where 
the control event rate was imputed from studies that provided 
data for the control group (no previous history of concussion). 
Statistical heterogeneity across studies was estimated using the 
I2 statistic, with 25%, 50% and 75% considered low, medium 
and high heterogeneity, respectively.31 Analysis was performed 
using the metafor Package in the R Statistical Software.32 33 An 
RR >1 indicated that the risk of subsequent injury is higher in 
children with a previous concussion. Statistical significance was 
determined at a level α=0.05.

Sensitivity analysis
To address our secondary objective, we intended a priori to 
calculate sex-stratified risk estimates (RR (95% CI)) to compare 
with our overall estimate of risk of concussion.

RESULTS
Study identification
The search strategy identified 911 studies, of which 732 titles 
and abstracts were screened (level one screening) after duplicates 
were removed. We assessed 34 full texts (level two screening) for 
eligibility and retained seven studies for meta-analysis (figure 1).

Risk of bias assessment
Based on the NOS, the risk of bias was low for all studies (range, 
7–9; maximum possible score=9, table 1). A single (14%) study34 
described using structured injury data to ascertain risk exposure 
and 6 (86%) studies34–39 demonstrated that participants were 
not concussed at the start of the study. Although several cohort 
studies adjusted for multiple potential confounders, including 
age, 5 (71%) studies37–40 did not adjust for previous history of 
mental health in their analysis. One retrospective cohort study36 
lacked a systematic method for tracking concussion injuries.

Characteristics of included studies
The seven retained studies represented 23 411 children. Six 
(86%) were prospective cohort studies (n=1359 children with 
a previous concussion; n=11 762 children with no previous 
concussion), and 1 (14%) was a retrospective cohort study 
(n=1710 children with a previous concussion; n=8580 children 
with no previous concussion, table 2). The number of participants 
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in a study ranged from 15837 to 10 290.36 Two (29%) studies37 40 
included males only and 4 (57%) studies34 35 38 39 included at least 
96% male athletes. None of the studies reported sex-stratified 
results. None of the authors provided the raw data after being 
contacted. Participants were recruited from American football 
(n=3; 43%),35 37 40 middle and high-school sports (n=1; 14%)36 
and (hockey (n=3; 43%).34 38 39 Length of follow-up ranged 
from 1 to 2 sport seasons.

Risk of concussion
Overall pooled risk of sustaining a concussion was four times 
greater in children with a previous concussion compared with 
those with no history of concussion (RR=3.64; 95% CI: 2.68 
to 4.96; p<0.0001; I2=90.55%, figure 2). All studies showed a 
statistically significant increase in risk of concussion among previ-
ously concussed athletes (RR (95% CI)) ranging from 1.87 (1.19, 
2.94) to 6.61 (4.99,8.76). Despite high statistical heterogeneity 

(I2=90.55%), we decided to proceed with performing a meta-
analysis since six of the seven concussion studies utilised the 
same study design (ie, prospective cohort studies), applied 
similar validated diagnostic criteria for concussion (ie, Fourth 
International Consensus Conference on Concussion in Sport or 
American Academy of Neurology),41 42 assessed primarily Amer-
ican Academy of Pediatrics defined contact or collisions sports43 
shown to have a high risk of concussion (eg, football, hockey),6 7 
and followed children for one or two seasons.

Based on the Grading of Recommendations, Assessment, 
Development, and Evaluations (GRADE) framework,44 there is 
a low level of certainty that the true risk of concussion is close 
to the estimated effect. However, several studies included large 
sample sizes with large numbers of events (concussions) and 
included studies were deemed to have a low risk of bias with 
similar point estimates and overlapping 95% CIs, which demon-
strates consistency of findings. Confidence in the evidence may 
likewise be increased as Tsushima et al36 reported a greater risk 
of recurrent concussion following two previous concussions 
than after a single concussion, suggesting there may be a dose 
response.

Risk of concussion, stratified by sex
Sex-specific results were not reported in any of the studies, and 
authors were unable to provide the requested raw data, there-
fore we performed a post-hoc meta-analysis consisting of studies 
with 96% or more male participants.35 37–40

In a sensitivity analysis of a predominantly male population of 
youth athletes with and without a previous history of concussion, 
the point estimate for risk of concussion was lower (RR=2.98; 
95% CI: 1.95 to 4.55; p<0.0001; I2=77.76%, figure 3) when 
compared with our overall estimate (RR=3.64; 95% CI: 2.68 
to 4.96; p<0.0001; I2=90.55%). However, the considerable 
overlap in the CIs with our overall estimate limits interpretation 
of the findings regarding risk differences. Furthermore, although 
the sensitivity analysis lowered the statistical heterogeneity of 
the pooled estimate, it still remained high.

DISCUSSION
This systematic review of high-quality studies, that included 
more than 3000 children under 18 years of age with a previous 
concussion and more than 20 000 children with no previous 
concussion, demonstrated that children who RTS following 

Figure 1  PRISMA 2009 flowchart. PRISMA, Preferred Reporting Items 
for Systematic Reviews and Meta-analyses

Table 1  Risk of bias for cohort studies as assessed with the NOS

Zemper 
200340

Kontos et al, 
200637

Chrisman et al, 
201935

Tsushima et al, 
201936

Emery et al, 
201038

Emery et al, 
201139

Black et al, 
201634

Selection

Representativeness of the exposed cohort ∗ ∗ ∗ ∗ ∗ ∗ ∗
Selection of the non-exposed cohort ∗ ∗ ∗ ∗ ∗ ∗ ∗
Ascertainment of exposure ∗ ∗ ∗ ∗ ∗
Demonstration outcome not present at start ∗ ∗ ∗ ∗ ∗ ∗
Comparability

Comparability of cohort on basis of design or analysis ∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗
Outcome

Assessment of outcome ∗ ∗ ∗ ∗ ∗ ∗ ∗
Was follow-up long enough for outcomes to occur? ∗ ∗ ∗ ∗ ∗ ∗ ∗
Adequacy of follow-up cohorts ∗ ∗ ∗ ∗ ∗ ∗
Total stars 7 9 8 7 9 9 9

Maximum total score is 9. A study can be awarded a maximum of one star for each numbered item within the selection and outcome categories. A maximum of two stars can be given for 
comparability.30 A high score indicates a low risk of bias.
NOS, Newcastle-Ottawa Scale.
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concussion are at nearly four times greater risk of sustaining a 
concussion relative to those with no previous concussion.

These findings extend previous systematic reviews that 
concluded previous concussion is a risk factor for sustaining a 
concussion across a wide range of ages and populations.15 22 In a 
predominantly adult population that included athletes and mili-
tary personnel, the pooled odds of sustaining a concussion were 
3.73 times higher in those with a previous concussion. A single 
narrative review of sport-related concussions concluded there 
was a high level of certainty that previous concussion increases 
concussion risk, but no pooled estimate was calculated.15 
Although the estimated concussion risk was similar in our study, 
youth athletes have a higher overall incidence of concussion 
compared with college athletes. In a large prospective cohort 
study45 with over 1000 reported concussions, high-school foot-
ball players had twice the rate of concussions per 1000 total 
athlete exposure as Division I college players (1.03 vs 0.49).

Possible factors to explore in future research to study this 
difference may include rule changes, equipment standards, 
concussion assessment techniques, reduced practice contact and 
awareness of concussion protocols. Furthermore, the incidence 
of recurrent concussion is likely underestimated, as approxi-
mately 50% of all concussions in youth may be unreported as a 

result of fear of being removed from a game, not wanting to let 
down teammates, lack of knowledge around common concus-
sion signs and symptoms or not thinking they were serious 
enough to seek medical attention.46 47

Our data suggesting a threefold to fourfold greater risk of 
concussion among previously concussed children may be an 
underestimate. Some previously concussed children may not have 
returned to their sport within the study periods due to persistent 
symptoms and these athletes would be more vulnerable to repet-
itive head trauma on RTS, especially if physiological recovery is 
delayed beyond recovery of self-reported symptoms.48

Increased cerebral vulnerability may lead to either an exac-
erbation of symptoms from the index concussion or a reinjury. 
This is concerning, as recurrent concussions in adolescents have 
been associated with a greater severity of on-field signs and 
symptoms (loss of consciousness, anterograde amnesia, confu-
sion),49 prolonged symptom recovery14 50 and higher baseline 
symptom reporting,51–54 and dynamic motor function defi-
cits.55 It is unclear whether this represents a cumulative effect 
of multiple concussions, incomplete physiological recovery or 
neurological predisposition to injury. The high annual inci-
dence of paediatric concussions sustained yearly translates into 
preventable morbidity for a substantial number of youths. Our 

Table 2  Study characteristics

Study
Study 
design

Length of 
exposure Study population

Age
(years)

Athletes with 
previous 
concussion 
(No)

Athletes with 
no previous 
concussion 
(No)

Concussion 
definition Adjustment factors

Effect estimate
(95% CI)

Zemper, 200340 PC Two football 
seasons

National high 
school football 
players (AIMS) 
(n=7197 player-
seasons; male 7197)

Not identified 296 6901 AAN 1997 N/A RR 6.61 (5.0 to 8.8)

Kontos et al, 
200637

PC One football 
season

New Orleans high 
school football 
players (n=158; 
male 158)

14–18
(Mean 15.8±1.2)

29 129 CISG 2002 Learning disability, 
ADD/ADHD, brain 
disease or disorder, 
substance abuse

OR 3.71 (1.36 to 10.18)

Chrisman et al, 
201935

PC 2×10 week 
football 
seasons

Seattle youth 
football league 
(n=863; male 854)

5–7 (n=96)
8–10 (n=300)
11–12 (n=311)
13–14 (156)

115 748 CISG 2012 Age, sex, parent 
education, ethnicity, 
race, attention 
problems, headaches, 
years playing football

OR 2.24 (1.05 to 4.75)

Tsushima et al, 
201836

RC One school 
year

Middle and high-
school athletes 
(n=10 334; male 
5938)

13 (n=512)
14 (n=2352)
15 (n=2477)
16 (n=2470)
17 (n=1944)
18 (n=579)

1710 8580 CISG 2012 Sex, sport RR*
1: 4.34
(3.89 to 4.83)
2: 5.07 (4.37 to 5.88)
3: 3.72 (2.79 to 4.97)

Emery et al, 
201038

PC One ice-
hockey season

Alberta and Quebec 
Pee Wee ice-hockey 
players
(n=2154; male 
2117)
Sex missing data 
n=4

Pee Wee
11–12

328 1786 CISG 2004 Year of play, player 
size, level of play, 
position, body 
checking attitude

IRR 2.14 (1.28 to 3.55)

Emery et al, 
201139

PC One ice-
hockey season

Alberta and Quebec 
Bantam ice-hockey 
players
(n=1971; male 
1956)

Bantam
13–14

453 1480 CISG 2004 Clustering by team, 
year of play, player 
size, level of play, 
player position, body 
checking attitude

IRR 1.87 (1.19 to 2.94)

Black et al, 
201634

PC One ice-
hockey season

Alberta (n=581; 
male 553) and 
Ontario (n=280; 
male 274) Pee Wee 
non-elite ice hockey 
players; missing 
data n=10

Pee Wee 11–12 138 718 CISG 2012 Clustering by team, 
exposure hours, 
year of play, level of 
play, position, body 
checking attitude

IRR 3.16 (1.86 to 5.39)

*Per previous number of concussions.
AAN, American Academy of Neurology; ADD/ADHD, attention-deficit disorder/attention-deficit hyperactivity disorder; AIMS, Athletic Injury Monitoring System; BMI, body mass index; CHOP, 
Children’s Hospital of Philadelphia; CISG, Concussion in Sport Group; IRR, incidence rate ratio; PC, prospective cohort; RC, retrospective cohort; RR, rate ratio.
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findings suggest children have an increased vulnerability to 
recurrent concussion. We highlight the importance of estab-
lishing age-specific timelines for progression through established 
RTS medical clearance protocols to mitigate the risk.

Sex-specific differences
Understanding sex-specific differences in concussion risk was 
an important secondary objective of this study. It is noteworthy 
that few studies in this review included a meaningful number 
of females. Regrettably, none of the included studies provided 
sex-specific concussion rates, therefore we cannot determine 
whether differences in concussion risk exist between previously 
concussed male and female athletes compared with same-sex 

athletes with no previous concussion. Although we calculated a 
lower point estimate of concussion risk in a predominantly male 
population, further research is needed to determine whether sex-
specific differences account for a variance in the RR given the 
significant overlap in CIs and high percentage of males (81%) 
in the overall population. Similar to previous reviews7 56 57 
exploring a wide range of outcomes associated with concussion, 
a general lack of reported differences in risk between males and 
females precluded inference and represents a critical gap in the 
literature.

Possible sex differences that might account for these findings 
include lower injury thresholds,58 neck strength,59 injury biome-
chanics,60 women report more symptoms11 61 and hormones.58 62 

Figure 2  Forest plot of RR of recurrent concussion following index concussion for all included studies. The RR(95% CI) from individual studies and 
the pooled data are shown. Box size represents the relative weight each study contributes to the pooled estimate. RR >1 indicates greater risk of 
recurrent concussion for children with a previous lifetime history of concussion compared with those without a previous concussion. Tsushima 2019a 
presents the RR for youth with one previous concussion; Tsushima 2019b presents the RR for youth with two previous concussions; and Tsushima 
2019c presents the RR for youth with three plus previous concussions. RR, risk ratio.

Figure 3  Forest plot of RR of recurrent concussion following index concussion for predominantly male studies (≥96% male). The RR (95% CI) 
from individual studies and the pooled data are shown. Box size represents the relative weight each study contributes to the pooled estimate. RR 
>1 indicates greater risk of recurrent concussion for children with a previous lifetime history of concussion compared with those without a previous 
concussion. RR, risk ratio.
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Given high levels of female sport participation and a 6.3-fold 
increase in rate of overall child and adolescent concussion from 
2003 to 2013,63 large prospective cohort studies reporting point 
estimates and associated 95% CIs comparing males and females 
with a previous concussion to non-concussed counterparts are 
needed to understand the effect of sex on concussion risk.

Explanations for increased susceptibility to concussion in 
youth
Although evidence suggests that a previous concussion increases 
the risk of concussion, our understanding of the underlying 
physiology behind this continues to evolve. Possible explana-
tions include residual physiological effects from the primary 
concussion, microstructural injury, structural factors, genetic 
predisposition, impaired neuromotor control and sensorim-
otor deficits.7 17 24 55 64–71 A neurometabolic cascade of events 
that include ionic shifts, metabolic energy deficits, cytoskel-
etal damage, axonal dysfunction, altered neurotransmission, 
altered blood flow and inflammation has been associated with 
increased vulnerability to recurrent concussion.66 67 Animal 
models and human studies suggest allowing increased time for 
recovery following concussion reduces metabolic vulnerability 
and severity of neurocognitive dysfunction.66 67 While this aligns 
with current clinical guidelines for immediate removal from 
play following a concussion and a graduated exercise strategy 
to allow for physiologic recovery, age-specific and sex-specific 
timelines for safe RTS are still unclear.

Impaired neuromotor control and cognitive processing have 
also been cited as potential risk factors23 with possible cumula-
tive effects.55 Lingering deficits may impair an athlete’s ability to 
simultaneously integrate cognitive demands with postural strate-
gies required to safely react to their environment during sport.55 
Preliminary evidence that concussion risk can be reduced with a 
neuromuscular training programme offers promise as a poten-
tial prevention strategy.71 Additionally, deficits in cervical spine 
proprioception, vestibular–ocular function and visual systems 
following concussion can reduce postural stability.64 65 Persistent 
impairments in dynamic postural stability months following 
concussion may result in altered movement strategies that 
increase recurrent concussion risk.24 Individualised cervical and 
vestibular physiotherapy have been shown to decrease time to 
RTS medical clearance following concussion; further research 
is needed to determine any protective effect against recurrent 
concussion.70

This study has several strengths that bolster the validity of our 
findings. To our knowledge, this is the first systematic review 
of risk of concussion following paediatric concussion. Multiple 
databases were searched along with reference lists of relevant 
studies. Study selection and data extraction were done inde-
pendently. Additionally, all included studies were rated as high 
quality of evidence and study populations were large for most 
studies. All studies show substantial effects with evidence of 
some dose–response relationship.

These results should be considered in the context of the 
following limitations. First, as with all systemic reviews, the risk 
of publication bias must be considered, which may have over-
estimated the estimated risk of concussion. Second, there was 
significant heterogeneity between studies when calculating our 
pooled estimate. Some of the heterogeneity may be explained by 
sex differences, as heterogeneity (I2) fell when we calculated the 
risk estimate for male-dominant studies. We also calculated an 
unadjusted risk estimate due to wide variations between studies 
in controlling for relevant covariates, which may explain some 

of the heterogeneity.72 For example, Kontos et al37 controlled 
for learning disabilities and attention-deficit/hyperactivity 
disorder in the study design, whereas Emery et al38 39 and Black 
et al34 controlled for year of play, player size, level of play and 
body checking attitude in their analysis; Tsushima et al35 36 and 
Chrisman controlled for sex. Age of participants may also have 
contributed to heterogeneity, as those studies that included 
children aged 5–12 years had a lower RR (range, 2.14–2.23) 
than three out of four studies that included adolescents aged 
13–18 (range, 3.27–6.61). The heterogeneity may also be asso-
ciated with calculating the unadjusted RR using count data in 
studies where either ORs35 37 or incidence rate ratios34 38 39 were 
reported. However, these studies were sufficiently similar in 
design, diagnostic criteria, sport type and follow-up period to 
be reasonably confident in our findings. Third, selection bias 
may have been introduced due to the small number of female 
athletes (n=4491; 19% of total sample) included in the overall 
meta-analysis, almost exclusively from the only retrospective 
study (n=4396; 98% of total females), thereby limiting the 
generalisability of the results to females. Furthermore, our sensi-
tivity analysis precluded definitive conclusions regarding sex-
specific differences in concussion risk. Fourth, risk of concussion 
may differ based on time since previous concussion or clinical 
markers of recovery, however we were unable to study that as 
several studies failed to report clearly defined RTS clearance 
criteria or time interval between first and recurrent concussions. 
Fifth, measurement bias may have been introduced related to 
concussion exposure, potentially leading to substantial bias in 
the risk estimate. Despite rigorous injury surveillance systems 
used across all studies, differences in type of athlete exposures 
were not consistently reported or included in statistical model-
ling, despite the higher risk of concussion in competition than 
in practice.73 Sex-specific differences in concussion rates during 
games versus practices should be considered in future research. 
Similarly, although athletes with a suspected concussion were 
assessed using a standard definition of concussion, the lack of 
objective diagnostic biomarker raises the possibility of misclassi-
fication or non-detection.

Finally, given the small number of studies found, we could 
not further explore important facets of this topic including sex 
differences (males dominated), differences across sport, geog-
raphy and culture (most studies were done in the North Amer-
ican context and focused on football and ice hockey) or age 
groups (only one study examined effects in children under 10, 
who may be experiencing rapid neurodevelopmental changes), 
making it unclear whether our results are generalisable. Despite 

What is already known?

►► Incidence of youth diagnosed with concussion has 
quadrupled in the last decade.

►► College athletes with a history of concussion are at an 
increased risk of subsequent injury, including recurrent 
concussion and lower extremity injury.

What are the new findings?

►► Having a lifetime history of concussion is associated with a 
four times greater risk of concussion in children.

►► A paucity of evidence on risk of concussion in girls aged 5–18 
years is a major shortcoming in existing research.
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these limitations, statistical agreement across all studies based 
on individual point estimates and 95% CIs (although varied in 
size) and high quality of included studies support our finding of 
increased risk of concussion in youth with a previous concussion.

Clinical and research relevance
Clinicians must consider previous concussion history when 
making RTS clearance decisions and educate families regarding 
the increased risk of concussion in youth. Although timelines 
for safe RTS following paediatric concussion have not yet 
been determined, current international guidelines recommend 
that once athletes are symptom-free, they should complete a 
six-stage graded exercise strategy to allow for fuller recovery 
before returning to at-risk activities.21 Efficacy of this strategy 
in reducing recurrent concussions has not been investigated. As 
per expert consensus, medical clearance decisions rely primarily 
on symptom reporting, which has been shown to resolve before 
neurocognitive status and functional balance. This highlights the 
need for further research to identify modifiable risk factors that 
can be assessed, mediated through intervention and required for 
medical clearance. There is also a strong need to identify objec-
tive biomarkers of recovery and their role in predicting recurrent 
concussion. Identification of ongoing functional disturbances 
and microstructural injury within advanced neuroimaging and 
fluid biomarker research appears promising; however, clinical 
application requires further validation before implementation 
in concussion management.74 In the meantime, clinicians should 
consider managing children with concussion more conserva-
tively than adults as the increased risk of concussion is even more 
concerning given children’s previously established potentially 
increased vulnerability to concussion, potentially longer recovery 
times and potential for adverse long-term consequences during a 
sensitive period of neurodevelopment growth.15–19 Since current 
management of paediatric concussion is based on evidence from 
animal and adult human research, future consensus guidelines 
need to consider evidence-based age-specific and sex-specific 
recommendations for RTS following paediatric concussion.

CONCLUSION
Children with a previous concussion are at a greater risk of 
concussion after returning to sport compared with children with 
no history of concussion. Understanding the cause and timeline 
of increased risk is essential in order to inform age-specific RTS 
guidelines. Future studies examining concussion risk in youth 
sports must consider sex-specific differences. Further research 
is needed to determine objective markers of physiological 
recovery, identify clinical risk factors for recurrent concussion in 
children, evaluate evidence-based prevention strategies to miti-
gate concussion risk, inform medical clearance decision-making 
following concussion and reduce the long-term sequelae of 
multiple concussions.
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