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BACKGROUND: Disparities in concussion incidence exist on the basis of sex. This meta-analysis aimed 
to summarize the evidence for recurrent concussion incidence between male and female athletes across 
various sports.  
METHODS:  Systematic review and meta-analysis. Data Sources - PubMed, EMBASE, and Cochrane 
Library databases. Eligibility Criteria for Selecting Studies - Studies written in English containing sex 
comparisons of recurrent concussion data published between January 2000 and June 2021 were included. 
RESULTS:  A total of 1,509 records were identified, of which 114 studies were assessed for eligibility with 
full-text review. Six studies were ultimately included. Women were found to have more recurrent 
concussions than men across all sex-comparable sports, which included soccer, basketball, and 
baseball/softball [RR=2.16 (95% CI: 1.09-4.30)]. More specifically, women were found to have more 
recurrent concussions in soccer [RR=3.01 (95% CI: 2.08-4.35)] and basketball [RR=2.68 (95% CI: 1.39-5.17)], 
but inconclusive results were seen for baseball/softball [RR=2.54 (95% CI: 0.54-11.94)].  
CONCLUSION: Recurrent concussion rates are greater in sex-comparable women’s sports than in men’s 
sports. Not all sports had sufficient evidence for inclusion in the meta-analysis. There are sex differences in 
recurrent concussion incidence in soccer and basketball. 
 

 
 
INTRODUCTION 

Sports-related concussions are regarded as a 
significant public health issue and are often 
associated with a constellation of symptoms and 
various clinical subtypes, including cognitive 
difficulties, post-traumatic headaches/migraines, 
vestibular dysfunction, ocular impairments, and 
problems with mood and sleep.1-3 A qualitative 
literature review conducted in 2013 by Makdissi et 
al. found that up to 15% of individuals experiencing 
concussions have persistent symptoms and that this 
proportion may be even greater for children if left 
undiagnosed and untreated.4 Historically, sports-

related concussions were managed with the 
anticipation that most physical and cognitive 
symptoms would eventually resolve with rest.5  

Presently, following the initial days post-injury, 
concussions are managed with active treatments 
such as vestibular therapy, neck strengthening, 
athletic training, and cognitive behavioral therapy. 
2, 6-7 A retrospective cohort study conducted in 2021 
by French et al. has shown that no significant 
differences in clinical factors such as recovery time, 
visual and verbal memory, and reaction time exist 
between patients’ first and second concussions 
when they are formally treated through a clinic 
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specializing in concussion recovery.8 It is possible 
for individuals who sustain concussions to develop 
persistent concussion symptoms such as headache, 
fatigue, and depression.9 Studies have suggested 
that female athletes display more severe persistent 
concussion symptoms than those of male athletes.10 
Additionally, the underreporting of sports-related 
concussions is a substantial concern that can lead to 
more long-term detrimental neurological outcomes 
for athletes in addition to affecting incidence and 
prevalence data collection. 11 

Recurrent concussions are of particular concern 
as repeated head trauma increases the probability 
of delayed neurological function recovery.12  In fact, 
sustaining recurrent concussions can lead to long-
term impairments such as headaches and memory 
loss if left untreated.13 Although recurrent 
concussion rates have decreased (0.47 to 0.28 per 10 
000 AEs from 2013 to 2018) across sports in recent 
years due to improved education around the signs 
and symptoms of injury, recurrent concussion 
incidence rates remain high.14 At the high school 
level, Kerr et al. have demonstrated 8.3% of 
concussions to be recurrent.14  Similarly, from 2009-
2014, an estimated 9% of concussions sustained by 
NCAA college athletes were recurrent.15  A history 
of concussions is considered a potential risk factor 
for sustaining further concussions.16 Compared to 
athletes sustaining their first concussions, athletes 
sustaining recurrent concussions have been shown 
to miss more playing time and become unconscious 
more frequently.13 Additionally, recurrent 
concussion incidence rates are affected by the 
length of sport participation and the field position 
played.16  

Differences in concussion incidence exist on the 
basis of sex. Soccer and basketball concussion 
incidence rates are significantly higher in females 
than males (1.76 and 1.99 respectively).17  For soccer, 
female players sustain more concussions while 
heading and goalkeeping than experienced by male 
players.18 In particular, the mechanism of injury 
(MOI) differs between male and female athletes, 
with player contact being the predominant MOI in 
men and equipment contact being the predominant 
MOI in women.19  A study by van Ierssel et al. found 
that children and adolescents who have sustained 
previous concussions have nearly four times greater 
risk of a recurrent concussion compared to those 
with no previous concussion incidence.20 Our meta-
analysis aimed to compare recurrent concussion 

incidence between male and female athletes across 
various sports. We hypothesized that in sex-
comparable sports, female athletes would 
experience a greater rate of recurrent concussions. 

Quality assessment results are shown in 
Appendix 2. All of the included studies were rated 
as fair quality, mostly due to the retrospective 
nature of most studies. 

 
METHODS 
Literature Search Methodology 

A medical librarian (BJ) conducted a 
comprehensive search of the PubMed, EMBASE, 
and Cochrane Library databases in adherence with 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines. 
Search terms utilized were “sex,” “gender,” “sex 
differences,” “gender identity,” “brain concussion,” 
“concussion,” “traumatic brain injury,” “brain 
injury,” “sports,” “athletes,” “incidence,” 
“epidemiology,” “symptoms,” and “injury rate.” 
The exact search string can be found in Appendix 1. 

Studies that included head-to-head 
comparisons of recurrent concussion incidence by 
sex and were published between January 2000 and 
June 2021 were included in this meta-analysis to 
focus on incidence within the last twenty years 
during which interventions have been 
implemented to actively prevent concussions. 
Conference abstracts, studies that did not present 
sex comparisons, studies that presented concussion 
data from a non-sports-related setting (for example, 
emergency room settings), and studies written in a 
language other than English were excluded from 
this meta-analysis. Two authors (UD, DL) used the 
online software program Covidence (Veritas Health 
Innovation Ltd; Melbourne, Australia) to 
independently screen titles, abstracts, and full-
article texts. Any disagreements were resolved 
through consensus with the senior author (DL). 

 
Data Extraction 

The following data were independently 
extracted from full-text articles: study design, 
sample size information (i.e., number of athletes, 
number of athlete exposures, etc.), population (i.e., 
high school, college, professional), recurrent 
concussion incidence, type of sport, and database 
used. Each included study defined recurrent 
concussions as concussions sustained by 
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individuals who had previously sustained at least 
one formally diagnosed concussion. 

 
Data Synthesis and Meta-analysis 

Each study in the meta-analysis contributed at 
least two pairs of numbers: the number of recurrent 
concussions and the number of athlete-exposures in 
males and females. One athlete-exposure was 
defined as participation in 1 game or 1 practice 
session. All incidence rates were converted to a 
common denominator of 10,000 athlete-exposures, 
which is the predominantly used denominator 
across the included studies. A rate ratio (RR) was 
calculated by dividing recurrent concussion rates 
for females by that for males. Therefore, RRs greater 
than 1 indicated a greater recurrent concussion rate 
among women, and RRs less than 1 indicated a 
greater recurrent concussion rate among men. 

Data from each study were pooled using the 
DerSimonian-Laird random-effects model (REM). 
This model provides more conservative estimates 
with wider confidence intervals compared to fixed-
effects models since it assumes that the studies 
included in the meta-analysis are only a sample of 
all possible studies and that there is a possibility of 
relevant studies not being included.21  Additionally, 
the REM accounts for both between-study 
variability (heterogeneity) and within-study 
variability (random error). A separate meta-
analysis was performed for each sport if there were 
at least 3 studies reporting recurrent concussion 
data for the particular sport. The forest plots display 
RRs and 95% confidence intervals for each 
comparison. It is possible that certain individual 
concussions were represented multiple times in the 
pooled analysis because multiple studies used the 
same concussion databases.13-15 However, each 
study covered different date ranges for different 
sports, indicating a low probability of any such 
overlap between subjects. Additionally, each study 
reported a different RR and recurrent concussion 
incidence rate. 
 
RESULTS 
Study Selection 

A total of 1,509 records were identified through 
database, as well as manual searches of articles that 
were included in the meta-analysis by van Ierssel et 
al.20  439 records were duplicates and excluded. 
Title and abstract screening were performed on the 
remaining 1,070 records and 956 of these were 

determined to be irrelevant to the study aims. The 
remaining 114 studies were assessed for eligibility 
with full-text review. After excluding 49 studies for 
not having sex-specific recurrent concussion data, 
17 studies for not having sex-specific concussion 
data, 10 studies for having wrong outcomes or 
comparators, and 18 studies for having the incorrect 
study design (e.g., reviews), patient populations, 
and settings, 20 studies were included for data 
extraction. Of these studies, eleven were excluded 
for having insufficient data, and three were 
excluded because they were conference abstracts. 
Thus, six studies were included in this meta-
analysis (Figure 1). 
 
Study Characteristics 

Of the six included articles, five were 
retrospective database studies that utilized national 
injury surveillance systems. Three of these studies 
incorporated the High School Reporting 
Information Online (RIO) database,13-14, 23  one study 
used aggregate exposure data from the high school 
National Athletic Treatment, Injury and Outcomes 
Network (NATION) study22, and one study used 
the National Collegiate Athletic Association–Injury 
Surveillance Program (NCAA-ISP).15 Of the six 
included articles, one was a prospective study. This 
study recruited Swedish elite soccer teams to self-
report injury and exposure data. Of particular note 
is the high representation of soccer across all 
included studies. A summary of the characteristics 
of the included studies is provided in Table 1. 
 
Concussion Incidence 

Four of the six included studies were used to 
compare recurrent concussion rates across soccer, 
basketball, and baseball/softball.13-15, 22 The 
remaining two studies were not included because 
they only reported data about soccer.23-24 The 
pooled summary estimate indicated that female 
athletes experience more recurrent concussions 
than male athletes across sex-comparable sports 
[RR=2.16 (95% CI: 1.09-4.30)] (Figure 2). With one 
exception, each individual study reported an RR 
significantly greater than 1, indicating female 
athletes experienced more recurrent concussions 
than male athletes.13, 14, 22 Zuckerman et al.15 
reported a 95% confidence interval of the RR that 
crossed the null value [RR= 0.90 (95% CI: 0.62-1.32)]. 

Female basketball players were found to 
experience nearly three times as many recurrent 
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concussions as male basketball players [RR= 2.68 
(95% CI: 1.39-5.17)] (Figure 3). Two of the three 
included studies displayed an RR significantly 
greater than 1.13-14 The Zuckerman et al.15 study 
reported an RR greater than 1, but with a 95% 
confidence interval that crossed the null value 
[RR=1.21 (95% CI: 0.53-2.74)], suggesting this study 
did not have conclusive results about sex disparity 
in recurrent concussion incidence.  

Female soccer players were also found to 
experience three times as many recurrent 
concussions as male soccer players [RR=3.01 (95% 
CI: 2.08-4.35)] (Figure 4). Four of five included 
studies displayed an RR significantly greater than 1. 
8-10, 18 The study by Vedung et al.24 was an exception 
as it reported an RR greater than 1 but with a 95% 
confidence interval that crossed the null value 
[RR=2.06 (95% CI: 0.87, 4.90)]. 

Non-significant results were observed for the 
comparison of baseball and softball.8-10 The pooled 
summary estimate for this sport type crossed the 
null value [RR=2.54 (95% CI: 0.54-11.94)] (Figure 5), 
suggesting that a conclusive statement about a sex 
disparity in recurrent concussion incidence in 
baseball and softball cannot be made.  

 
DISCUSSION 

This study demonstrated that women face a 
greater risk of recurrent concussions than men in 
sex-comparable sports. The pooled summary RR 
across all included studies demonstrated that 
women experience roughly twice as many recurrent 
concussions across sex-comparable sports as their 
male counterparts. In particular, our sport-specific 
analysis found that recurrent concussion rates were 
nearly three times higher for female athletes      
playing soccer and basketball. 

The results of this study show the existence of a 
stark sex disparity in recurrent concussion 
incidence. Previous studies have shown that 
women experience more concussions in sex-
comparable sports17 and that in ball-based sports 
like lacrosse and soccer, women are at higher risk 
for concussions due to contact with the ball or 
equipment.19 Furthermore, in soccer, women are 
more likely to sustain concussions when heading 
the ball or while goalkeeping.18  This study builds 
on these findings by demonstrating that this sex-

based discrepancy in primary sports concussion 
incidence is observed with concussion recurrence as 
well. Recurrent concussion risk is important to 
understand given that athletes who have sustained 
recurrent concussions take longer for their 
symptoms to resolve, more frequently lose 
consciousness, and miss more playing time.13, 25-26  
In some cases, athletes who sustain multiple 
untreated concussions may have poorer long-term 
outcomes and can be vulnerable to persistent 
symptoms such as memory loss and depression 
over 20 years after ending their careers.27-28 

The role of factors such as age, sex, and genetic 
makeup in concussion incidence and recurrence are 
not fully understood.24,29 Neidecker et al. showed 
that female adolescent athletes have a longer 
duration of symptoms following first-time 
concussion compared to male athletes, with women 
remaining symptomatic for a median of 28 days 
compared to 11 days for their male counterparts.30 
It is possible that having a longer duration of 
symptoms or returning to sport before complete 
recovery of symptoms may predispose female 
athletes to an increased risk of sustaining a 
recurrent concussion. Additionally, female athletes 
are more likely than male athletes to report a 
concussion.31  Sex-differences in reporting behavior 
could affect both first-time and recurrent 
concussion incidence rates. 

Many biomechanical explanations have been 
outlined for the discrepancy in male and female 
sports concussion incidence.     It has been proposed 
that women experience more frequent concussions 
given their smaller neck girth, head-neck length, 
and subsequent weaker head-neck strength 
compared to men.18, 32 Furthermore, men have 
greater neck-torso strength on average than 
women, which may enable them to better distribute 
forces across their upper bodies instead of their 
heads alone.33-35 Differences in the levels of estrogen 
and progesterone may also explain potential sex-
based differences in concussion incidence. 18, 20, 36 

Recurrent concussions may also have a 
disparate neurostructural impact on female 
athletes. In two studies, women exposed to 
repetitive subconcussive head impacts have more 
significant microstructural white matter alterations 
compared to men.37-38
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study selection 
flow diagram. The numbers of screened, excluded, and included studies are shown. 
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Table 1. Characteristics of studies included in the meta-analysis13-15, 22-23 

Author Years 
Included 

N (Athlete-
Exposures) 

Sex or Gender-
Comparable Sports 

Database Population 

Castile et al. 2005-2010 9,503,641 Soccer, Basketball, 
Baseball/Softball 

High School 
RIO 

High School 

Zuckerman et al. 2009-2014 3,638,885 Soccer, Ice Hockey, 
Basketball, 
Baseball/Softball, 
Lacrosse 

NCAA-ISP Collegiate 

O’Connor et al. 2011-2014 5,151,671 Overall (27 Sports) High School 
NATION 

High School 

Kerr/Campbell et 
al. 

2012-2016 1,271,931 Soccer High School 
RIO 

High School 

Kerr/Chandran 
et al. 

2013-2018 22,870,364 Soccer, Lacrosse, 
Basketball, 
Baseball/ Softball, 
Swimming, Track 
and Field, Cross 
Country 

High School 
RIO 

High School 

Vedung et al. 2017 25,146 Soccer N/A (direct 
recruitment of 
athletes) 

Professional 

Given these sex disparities in outcomes associated 
with recurrent head trauma, it is important to 
further understanding of patterns of recurrent 
concussion incidence to inform proper preventative 
measures, targeted treatment options, and to 
address any sex-based or sport-based disparities.25, 

39 A recent study identified that female athletes at 
the high school level were less likely to be removed 
from play after sustaining a concussion compared 
to male athletes.40  It is possible that sex differences 
in recurrent concussions may be due to inadequate 
management or recovery from the initial episode.  

This meta-analysis has a few limitations. Only 
studies written in English were included in our 
literature search, which could have led to relevant 
research being excluded. Analysis could only be 
performed on available data from studies that fit the 

inclusion criteria, therefore we were unable to 
stratify by setting (competition versus practice) or 
level (high school versus college versus 
professional). Data was derived from databases 
without patient-specific data, and there was 
insufficient data to evaluate position-specific 
recurrent concussion risks. There were also 
insufficient data to summarize time between the 
first and subsequent concussions and the number of 
previous concussions. Furthermore, there were 
insufficient data to evaluate the extent to which 
athletes sustaining recurrent concussions recovered 
from their most recent concussion. There was also a 
high availability of soccer data relative to data 
regarding basketball and baseball/softball, which 
suggests that soccer is overrepresented in the 
pooled summary for sex-comparable sports. 
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Figure 2. Recurrent concussion incidence rate ratios for all sex-comparable sports are shown for each study 
and as an overall pooled summary estimate. 
 
 

 
 
Figure 3. Recurrent concussion incidence rate ratios for basketball are shown for each study and as an 
overall pooled summary estimate. 



  Dave U et al 

- 102 - 
DOI: 10.53646/jwsm.v2i2.28 
Published online: December 22, 2022 
2769-4895 Ó Journal of Women’s Sports Medicine  
 

 

Figure 4. Recurrent concussion incidence rate ratios for soccer are shown for each study and as an overall 
pooled summary estimate. 
 
 

 
Figure 5. Recurrent concussion incidence rate ratios for baseball/softball are shown for each study and as 
an overall pooled summary estimate. 
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Our study also has several strengths. We were 
able to conduct a comprehensive search strategy 
with overlapping approaches with the help of a 
medical librarian. Previous studies have shown that 
systematic reviews with librarians as coauthors are 
associated with enhanced study quality.41 In 
addition, the pooled summary estimates in our 
meta-analysis were based on head-to-head sex 
comparisons from the same study rather than data 
from disparate studies. Summarizing the incidence 
of recurrent concussions from men’s and women’s 
sports separately would not allow for the 
calculation of RRs. Furthermore, the evidence 
would be based on different settings and 
populations across the studies. Our approach 
provides direct comparisons between men and 
women in sex-comparable sports. 

Our findings suggest that recurrent 
concussions may be more common in women 
compared to men, especially for athletes 
participating in high-risk sports such as soccer and 
basketball. For these sports, women are three times 
more likely to sustain a recurrent concussion than 
men. Greater education regarding the signs and 
symptoms of injury, rule changes, protective 
equipment, and concussion prevention exercises 
are potential interventions, but they have not been 
widely evaluated. Given the increased likelihood of 
experiencing persistent neurologic symptoms 
associated with recurrent concussions, it is 
imperative that sports are made safer to reduce 
concussion rates and athletes are evaluated 
immediately after a potential injury and referred for 
specialized treatment and management if deemed 
concussed.13 More studies exploring the factors 
responsible for recurrent concussion incidence and 
subsequent recovery will improve safety of sports 
at all levels. 

Health care providers, athletic trainers, and 
sports coaches should develop an understanding of 
factors leading to concussions to reduce their risk. 
The hypothalamic-pituitary-ovarian axis should be 
further explored to better understand the effect of 
menstrual cycle patterns in concussion incidence, 
recovery, and recurrence. Future studies should 
also explore the efficacy of interventions such as 
rule changes, protective equipment incorporation, 
and incorporation of neck strengthening exercises 
in mitigating recurrent concussion incidence. 
 
 

CONCLUSION 
This meta-analysis showed recurrent 

concussion rates are greater in sex-comparable 
women’s sports than in men’s sports, particularly 
soccer and basketball. Future studies should focus 
on mechanisms commonly seen in individuals who 
sustain recurrent concussions to evaluate specific 
risk factors for each sex.  
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APPENDIX 1. Search strings for the systematic review 

 
PubMed 
 (((((("sex"[MeSH] OR "sex"[TW] OR "gender identity"[MeSH] OR "gender"[TW] OR "sex 
differences"[TW]))) AND ("brain concussion"[MeSH] OR "concussion"[TW] OR “Concussions”[TW] OR 
"traumatic brain injury"[TW])) AND ("sports"[MeSH] OR "sports"[TW] OR "sport"[TW] OR 
“athletes”[TW])) AND ("incidence"[MeSH] OR "incidence"[TW] OR "epidemiology"[MeSH] OR 
"epidemiology"[TW] OR "symptoms"[TW] OR “injury rate”[TW]) AND (2000/1/1:3000/12/12[pdat] 
 
EMBASE 
('sex'/exp OR sex:ti,ab,de,tn OR 'gender identity'/exp OR gender:ti,ab,de,tn OR "sex 
differences":ti,ab,de,tn) 
 AND ('brain concussion'/exp OR concussion:ti,ab,de,tn OR Concussions:ti,ab,de,tn OR "traumatic brain 
injury":ti,ab,de,tn) 
AND ('brain concussion'/exp OR concussion:ti,ab,de,tn OR Concussions:ti,ab,de,tn OR "traumatic brain 
injury":ti,ab,de,tn) 
AND 
('sport'/exp OR sports:ti,ab,de,tn OR sport:ti,ab,de,tn OR athletes:ti,ab,de,tn) 
AND 
('incidence'/exp OR incidence:ti,ab,de,tn OR 'epidemiology'/exp OR epidemiology:ti,ab,de,tn OR 
symptoms:ti,ab,de,tn OR "injury rate":ti,ab,de,tn) 
AND [1-1-2000]/sd 
 
COCHRANE 
([mh sex] OR sex:ti,ab,kw OR [mh "gender identity"] OR gender:ti,ab,kw OR "sex differences":ti,ab,kw) 
AND 
([mh "brain concussion"] OR concussion:ti,ab,kw OR Concussions:ti,ab,kw OR "traumatic brain 
injury":ti,ab,kw) 
AND 
([mh sports] OR sports:ti,ab,kw OR sport:ti,ab,kw OR athletes:ti,ab,kw) 
AND 
([mh incidence] OR incidence:ti,ab,kw OR [mh epidemiology] OR epidemiology:ti,ab,kw OR 
symptoms:ti,ab,kw OR "injury rate":ti,ab,kw) 
with Cochrane Library publication date from January 2000 to June 2021 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  Dave U et al 

- 107 - 
DOI: 10.53646/jwsm.v2i2.28 
Published online: December 22, 2022 
2769-4895 Ó Journal of Women’s Sports Medicine  
 

 
 
APPENDIX 2. Quality assessment results of included studies using the Newcastle-Ottawa Scale 
 
 
 

Study Selectiona Comparabilityb Outcomec Quality assessment 
 A B C D    A B C D  
Castile et al. 1 0 1 0   1 1 1 1 1 Fair 
Zuckerman et al.  1 0 1 0   1 1 1 0 0 Fair 
O’Connor et al. 1 0 1 0   1 1 1 1 1 Fair 
Kerr, Campbell, et al. 1 0 1 0   1 1 1 0 0 Fair 
Kerr, Chandran, et al. 1 0 1 0   2 1 1 0 0 Fair 
Vedung et al. 1 0 1 0   2 1 1 1 1 Fair 

 

a Selection criteria - (A) representativeness of the exposed cohort (athletes), 1: truly representative of the 
average youth, high school, collegiate, or adult athlete in the community; 0: not representative of the 
average athlete in the community or no description of the derivation of the cohort; (B) selection of the non-
exposed cohort, 1: drawn from the same community as the athlete cohort; 0: drawn from a different source 
than the athlete cohort or no description of the derivation of the non-exposed cohort; (C) ascertainment of 
exposure, 1: secure record of concussion incident or structured interview; 0: written self-report or no 
description; (D) demonstration that outcome of interest (concussion incidence) was not present at start of 
study, 1: yes, 0: no. 
 
b Comparability between males and females on the basis of the design or analysis: 1, study includes 
concussion incidence for males and females in a specific sport; 2, study includes concussion incidence for 
males and females in a specific sport as well as other factors, such as age or skill level; 0, study does not 
include concussion incidence for males and females. 
 

c Outcome criteria - (A) assessment of outcome: 1: independent blind assessment or blind linkage; 0: self-
report or no description; (B) was follow-up long enough for outcomes to occur: 1: yes, 0: no; (C) adequacy 
of follow-up of cohorts: 1: complete follow-up of all subjects or subjects lost to follow-up were unlikely to 
introduce bias; 0: follow-up rate not adequate or no statement; and (D) statistical test: 1: the statistical test 
used to analyze data is  
clearly described and appropriate, and the measurement of the association is presented, including 
confidence intervals and p values; 0: the statistical test is not appropriate, not described, or incomplete. 


