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Abstract

Background: There is long-standing interest in, and concern about, whether collegiate athletes with a history of con-
cussion will experience worse clinical outcomes, or prolonged recovery, should they sustain a subsequent concussion.

Objectives: This systematic review examined the association between prior concussion history and clinical out-
comes following a subsequent sport-related concussion among college-age student athletes.

Study Design: Systematic review.

Methods: We screened 5,118 abstracts and 619 full-text articles that were appraised to determine whether they met
inclusion criteria. We utilized a likelihood heuristic to assess the probability of observing a specific number of statisti-
cally significant and nonsignificant studies reporting an association between concussion history and clinical out-
comes. We conducted a narrative synthesis of the study findings.

Results: Sixteen studies met the inclusion criteria. Thirteen studies reported the number of participants with a
history of prior concussions (> 1), which totaled 1690 of 4573 total participants (on average 37.0% of study partici-
pants; median =46.0%, range 5.6-63.8%). On the Newcastle—Ottawa Quality Assessment Scale, the risk of bias ratings
ranged from 3 to 9 (mean=>54, SD=1.4). Across all studies, 43.8% (k="7/16) reported at least one statistically signifi-
cant result among primary analyses showing an association between concussion history and worse clinical outcome.
A minority of studies reporting on symptom duration (4/13, 30.8%) and time to return to play (2/7, 28.6%) found an
association between concussion history and worse outcome. Studies included in the review reported limited informa-
tion pertaining to the characteristics of prior concussions, such as presence or duration of loss of consciousness or
posttraumatic amnesia, age at first lifetime concussion, time since most recent past concussion, or length of recovery
from prior concussions.

Conclusion: The question of whether college athletes with a prior history of concussion have worse clinical outcome
from their next sport-related concussion remains unresolved. The published results are mixed and in aggregate show
modest evidence for an association. Many studies have small samples, and only three studies were designed specifi-
cally to address this research question. Important outcomes, such as time to return to academics, have not been
adequately studied. Larger hypothesis-driven studies considering the number of prior concussions (e.g., 3 or more)
are needed.
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Key Points

+ The association between prior concussion history
and clinical outcome following a subsequent sport-
related concussion remains uncertain among colle-
giate athletes.

+ The most commonly studied clinical outcomes,
symptom duration and time to return to sports, did
not show an association with prior concussion his-
tory in the majority of studies.

« There are numerous features of prior concussion his-
tory, such as the number of prior concussions and
corresponding courses of recovery, which have not
been sufficiently examined and represent areas for
future research.

Introduction
The most recent Consensus Statement on Concussion
in Sport identified obtaining a “detailed concussion his-
tory” as a requisite component of both preparticipation
and postinjury evaluations [1]. Among collegiate athletes,
National Collegiate Athletic Association (NCAA) Injury
Surveillance Program data suggest that approximately
9-14% of athletes sustain multiple, or “recurrent;,” con-
cussions during their collegiate careers, irrespective of
their concussion history prior to enrolling in college [2,
3]. Among NCAA Division I hockey players, players with
a prior concussion history were twice as likely to sus-
tain a subsequent concussion [4]. Hence, at minimum,
approximately 1 in 10 collegiate athletes will present with
a prior history of at least one concussion. Although a his-
tory of prior concussion is a well-established risk factor
for sustaining additional, future concussions [5-8], the
association between prior concussion history and clini-
cal outcome following a subsequent concussion has not
been well established, as acknowledged by the consensus
statement [1]. Given the unique demands faced by col-
legiate athletes, such as balancing academic and athletic
responsibilities, enhancing clinicians’ ability to accurately
identify potential factors associated with prolonged or
complicated clinical recovery following concussion is
critically important. To this end, characterizing whether
or the extent to which concussion history influences clin-
ical recovery from subsequent concussion represents an
important undertaking.

In a broad systematic review investigating a wide range
of predictors of clinical recovery from sport-related

concussion in athlete populations of all ages, of the stud-
ies examining concussion history, approximately half
(48.8%; 20/41) reported a statistically significant associa-
tion between concussion history and clinical recovery—
such that individuals with a history of prior concussions
experience worse clinical outcomes or slower clinical
recoveries. The remaining studies (51.2%; 21/41) reported
no association between concussion history and clinical
outcome [9]. A more recent systematic review examined
the association between prior concussion history and
clinical recovery following sport-related concussion in
children and adolescents. Across the 51 studies reviewed,
the majority (37/51; 72.5%) did not find a statistically sig-
nificant association between lifetime history of concus-
sion and outcome following subsequent sport-related
concussion [10]. However, associations between concus-
sion history and clinical outcomes in collegiate athletes
have not been specifically characterized—hence the need
for an updated assessment of the literature.

Evolving methodological advancements in the study of
concussion history, such as considering the exact num-
ber of prior concussions, rather than studying concus-
sion history as a dichotomous variable (i.e., any prior
concussions: yes/no), has begun to yield more nuanced
insights. For example, a recent study of collegiate athletes
reported that a history of three or more prior concus-
sions was associated with longer clinical recoveries; how-
ever, this association was not detected in athletes with
only one or two prior concussions [11]. Moreover, con-
cussion history is a complex variable, and its prognostic
utility may be reduced if it is measured in a binary fash-
ion (i.e., yes or no). It is conceivable, for example, that the
total number of prior concussions might have a stronger
association with clinical outcome than a simple binary
variable. Additional considerations, such as (1) the age
of first concussion; (2) the nature, severity, and recovery
times of prior concussions; (3) and time since the most
recent prior concussion could conceivably bear on clini-
cal outcomes following a subsequent “index” concus-
sion. Through this systematic review, we will (1) examine
associations between concussion history and clinical
outcomes following subsequent sport-related concussion
among college-age athletes, including results related to
the nature and magnitude of effects; (2) assess the meth-
odological quality of the literature and identify gaps in
the existing research; and (3) offer recommendations for
future research.



Gaudet et al. Sports Medicine - Open (2022) 8:134

Methods

An original systematic review was prospectively regis-
tered with PROSPERO database for systematic reviews
(protocol ID: CRD42016041479). A second, updated sys-
tematic review was subsequently registered with PROS-
PERO (protocol ID: CRD42019128300). The current
review followed Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines [12].
For the purpose of the present review, clinical outcome
was broadly defined to include self-reported resolution
of concussion-related symptoms, time to return to play
and/or resume normal activities, and changes in neu-
ropsychological and/or vestibular functioning.

Search Strategy

We identified articles by online database searching: Pub-
Med, MEDLINE®, PsycINFO®, CINAHL, Cochrane
Library, EMBASE, SPORTDiscus, Scopus, and Web of
Science and hand-searching reference lists. Three par-
tially overlapping searches were conducted. The first was
from database inception to June of 2016 for a systematic
review prepared for the 2016 Concussion in Sport Group
conference in Berlin [13]. The second was from January 1,
2016, to February 1, 2019 [14, 15], and the third was from
February 1, 2019, to May 15, 2021. Given the frequency
with which multiple predictor variables, including con-
cussion history, are included as a demographic variable,
secondary predictor, or covariate, we included a broad
set of terms to increase the probability of capturing the
array of predictors associated with clinical outcome from
prior concussion—per the design of the 2016 systematic
review. The following terms were used across searches:
sport, sports [MeSH]), athletic, athlete, player AND
craniocerebral trauma, brain injuries, brain concussion,
sports concussion, athletic injuries, mild traumatic brain
injury, mTBI, traumatic brain injury, TBI, brain concus-
sion, concussion, multiple concussions, repeated con-
cussion, repetitive concussion, cumulative concussions,
concussion history, brain damage, prognosis, outcome,
recovery, risk factor, injury incidence, sex differences,
gender, genetics, ApoE, BDNF, S100B, GFAP, sever-
ity, loss of consciousness, LOC, posttraumatic amnesia,
PTA, amnesia, retrograde amnesia, seizure, seizures,
learning disorder, ADHD, level of education, migraine,
mental health, sleep disorders, medications, cervical
injury, vestibular injury, psychological reactions, anxiety,
depression, headaches, intractable headaches, magnetic
resonance imaging, MRI, computer tomography, and CT.

Study Selection and Data Extraction
The search sequence and selection flow are displayed
in Fig. 1. Original studies, including descriptive,
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correlational, quasi-experimental, and experimental
designs, were eligible for inclusion. We excluded case
studies and published abstracts. Our primary interest was
in selecting studies that reported on collegiate athletes
and examined whether a history of prior concussion was
associated with outcome from a subsequent sport-related
concussion. To this end, several inclusion criteria were
applied. We included studies that reported an associa-
tion between concussion history and outcome in any way
(e.g., in text only, in table only, concussion history con-
sidered as a demographic variable, secondary outcome,
or covariate). Studies reporting only on acute clinical
outcome less than 7 days following the index concus-
sion and not reporting clinical recovery were excluded.
Regarding the mechanism of concussion, our aim was
to focus primarily on sport-related concussion. Hence,
at least two-thirds (66%) of the participants in the stud-
ies had to present with a sport-related mechanism for the
index injury (i.e., the injury for which they were enrolled
in the study and their recovery was examined). Studies
were also restricted to collegiate athletes, or college-aged
individuals. College-age was defined as the lower bound
of the standard deviation for the study sample’s mean age
being greater than or equal to 18 years, and the upper
bound being less than or equal to 24 years. This ensured
that at least 84% of the study samples were comprised of
individuals between ages 18 and 24.

The authors independently extracted details regarding
study design, sample demographics, concussion history
coding (e.g., how the study examined or categorized con-
cussion history such as > 1 or more prior concussions vs.
1, 2, or >3 prior concussions) and features of prior con-
cussions (e.g., age of first lifetime concussion, time since
last concussion, mechanism of last concussion, clinical
characteristics of prior concussions [loss of conscious-
ness, retrograde amnesia, posttraumatic amnesia], recov-
ery times). The authors also extracted results of statistical
significance testing (e.g., results in which p<0.05) and/
or effect size metrics evaluating the association between
concussion history and outcome from the index concus-
sion, if available from the information reported in the
study. The first author (CEG) extracted information from
each article and combinations of co-authors served as
second raters (NEC, RVP, AKK). In instances in which
there was uncertainty regarding a study’s reporting, a
third author resolved discrepancies.

Risk of Bias Assessment and Level of Evidence Ratings

Risk of bias was assessed using the Newcastle—Ottawa
Quality Assessment Scale (NOS) [16]. The NOS is used
for observational studies, including cohort and case—
control studies. It is comprised of nine items distributed
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(n =4,746 published up until June 2016; n = 1,722 published between
January 1, 2016 and February 1, 2019; n = 1,445 published between

(n = 33 additional records identified through other sources in 2016)

Records excluded:
Not a study of predictors of outcome,
study participants were not athletes, or
had not sustained a sport-related

———| older than 24, study included fewer than

)
Records identified through database searching
(N = 7,946 total records)
-g February 1, 2019 and May 15, 2021)
E
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N
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——
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|
Fig. 1 Systematic literature search (PRISMA). Note: There was a mistake in the reporting of the number of records identified in the original search
from 2016, as published by Iverson et al. in 2017. The initial search in 2016 yielded 4746 records, as noted in this figure.

concussion, or paper was not a study
(e.g., review, letter to editor)
(n =4,499)
(n=2,662 in 2016; n =993 in 2019;
n= 844 in 2021)

Full-text articles excluded:
Not a study of predictors of outcome, study
participants were either younger than 18 or

66% sport-related concussions, or because
prior concussion history was not examined
(n=603)

(n =235 from 2016; n = 114 from 2019,
n =254 from 2021)

among the following categories: Sample Selection, Com-
parability between Research Groups, and Outcome (for
Cohort studies) or Exposure (for Case Control studies).
Higher ratings are indicative of higher-quality studies and
lower risk of bias. For the purpose of the present review,

NOS criteria were appraised in relation to each study’s
assessment of the association between concussion history
and clinical outcome following a subsequent concussion.
Concussion history was considered as the “exposure” and
clinical outcome (e.g., symptom duration, time to return
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to play) as the “outcome” Consequently, based on the
original study design (which in most cases was not pri-
marily designed to assess concussion history), a study
might have earned credit on one of the NOS parameters.
However, when we examined the study in relation to its
ability to determine whether prior concussion history is
associated with worse outcome from a subsequent con-
cussion, the study might not have earned credit on that
parameter. Level of evidence for each article was rated by
the first author (CEG) and a second rater (NEC, RVP, or
AKK) using the Oxford Classification for Evidence-Based
Medicine. The first author (CEQG) also rated risk of bias
for each article along with a second rater (NEC, RVP, or
AKK). A third reviewer resolved rating discrepancies.

Likelihood Ratio Estimation

Given the range of clinical outcomes reported across
studies and lack of uniformity in, or absence of, effect size
metrics, the data were not amenable to commonly used
meta-analytic procedures. We therefore utilized a like-
lihood heuristic to assess the probability of observing a
specific number of statistically significant and nonsignifi-
cant studies reporting an association between concussion
history and clinical outcomes. The likelihood heuristic
yields a likelihood ratio (LR) that signals the weight of
the evidence in support of the null hypothesis (i.e., con-
cussion history is not associated with clinical outcomes
following subsequent concussion) versus the alternative
hypothesis (i.e., concussion history is associated with
worse clinical outcomes) [17]. The likelihood heuris-
tic has been used to characterize associations between
sport-related concussion and clinical outcomes in prior
systematic reviews [15, 18].

To compute the LRs, an a priori alpha (e.g., 0.05) and
statistical power value (e.g., 0.80) are selected. Next, the
number of studies that reported a statistically significant
result (k) for various outcomes (e.g., symptom duration,
time to return to play) are summed and input as a pro-
portion of the overall number of studies reporting on a
specific outcome (n). To compute LRs, we used a freely
available LR calculator (https://lakens.shinyapps.io/likel
ihood/) that has been developed to assist in synthesiz-
ing results from multiple studies [17]. Given the variance
in design, quality, and sample sizes among the stud-
ies included in the review, we conducted two pairs of
analyses in which we varied our parameters to illustrate
the range of LRs resulting from optimal and suboptimal
study designs. For the first analysis, we selected an alpha
level of 0.05 and power level of 0.80, which would reflect
a near-optimal study design. For the second analysis, we
selected an alpha level of 0.25 and power level of 0.45,
which is more likely to capture shortcomings inherent
to several of the study designs included in the present
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review. In accordance with established guidelines, LR
estimates were characterized as follows: LRs greater than
8 and 32 are considered benchmarks of moderate and
strong evidence, respectively [17, 19].

Results

A total of 5118 abstracts were screened, and 619 full-
text articles were appraised to determine whether they
met inclusion criteria (see Fig. 1). Of those, 16 studies
met inclusion criteria. Additional file 1: Table S1 pro-
vides detailed information regarding the included stud-
ies. There were 4841 participants who sustained an index
concussion across the 15 studies that reported the num-
ber of participants. The study that did not report a total
number of participants reported that 1670 concussions
were sustained during the study period [3]. Thirteen
(81.3%) of the studies were published since 2012, and 12
(75.0%) were published since 2016. Of the seven studies
that reported a mean age for the total sample, the median
age of the means was 20.3 years. Three studies reported
the age range comprising the entire sample; the low-
est bound was age 17 and the highest bound was age 27.
The studies included a median of 30.3% women (range
0-55.6%). Thirteen studies reported the number of par-
ticipants with a history of prior concussions (> 1), which
totaled 1690 of 4573 total participants (on average 37.0%
of study participants; median =46.0%, range 5.6—63.8%).
Fifteen studies reported only on collegiate athletes (both
varsity and club level) seeking care through their institu-
tion. One study reported on participants who sought care
at a specialty concussion clinic, and 92.2% of the concus-
sions included in this study were sport-related [20]. The
majority of the studies included in this review assessed
symptom duration (k=13) or time to return to sports
(k=7); additional outcomes included vestibular func-
tioning (k=2), time to return to academics (k=1), cogni-
tive functioning (k=1), and psychiatric problems (k=1)
[Table 1]. Of note, seven studies reported multiple out-
comes; hence, the numbers above sum to greater than 16.

Level of Evidence and Risk of Bias

NOS ratings are shown in Table 2. Of the included stud-
ies, 15 were classified as cohort designs and one was
classified as a case control study. The mean Centre for
Evidence-Based Medicine (CEBM) level of evidence was
3.1 (SD=0.5). One study was rated as a 2 (i.e., incep-
tion cohort), 12 studies were rated as a 3 (i.e., cohort
studies), and 3 studies were rated as a 4 (i.e., case—con-
trol or lower-quality prognostic cohort studies). On the
NOS, ratings ranged from 3 to 9 (mean=>5.4, SD=1.4).
The majority of cohort studies were deemed representa-
tive of the average collegiate sport-related concussion
(k=11). Only four studies received at least one credit for
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Table 2 The Newcastle-Ottawa Quality Assessment Scale scores and the level of evidence of the included studies (listed

alphabetically)

First author (year) Design? Newcastle-Ottawa Scale® CEBM
Selection (0-4) Comparability Outcome/ Total credits Level of
(0-2) exposure (0-3) evidence
(1-5)
Asken et al. [26] Cohort 2 8. 8:% 4 *ok * Kk K 5 3
Bretzin et al. [33] Cohort 2. 8. 88 4 ** Fook K 6 3
Bruce and Echemendia [22] Cohort L. 8.2:8 ¢ *ok * ok 4 4
Churchill et al. [27] Cohort .8 86 ¢ * K b S &°¢ 5 3
Gallagher et al. [28] Cohort % % %k k *ok 2.8 84 6 3
Guskiewicz et al. [23] Cohort Kk K *k 0. 8.8.¢ 5 3
Howell et al. [35] Cohort * ok Kk Kk * kK 5 3
Lempke et al. [29] Cohort * %k k * k * %k 9 4
Meehan et al. [20] Cohort Fok ok Hok Yok ok 4 3
Mihalik et al. [24] Cohort 128 8-9 4 *ok * kX 4 3
Pattinson et al. [32] Cohort 0. 8.2:8 ¢ Kok 0. 8.8.¢ 6 3
Putukian et al. [30] Cohort >k Kk Kk Fk ok 5 3
Slobounov et al. [21] Cohort ¥k Kk ok 2.8 8 ¢ 6 2
Vargas et al. [31] Case—-Control 8.8 8¢ *k Kk K 3 4
Wasserman et al. [3] Cohort 1.8 .8 874 Yok * kK 6 3
Zuckerman et al. [2] Cohort . 8.8 2 ok ok k 7 3

CEBM = Centre for Evidence-Based Medicine

2 For the NOS, we determined the study design in reference to the determination of whether prior concussion history is a predictor of worse clinical outcome

b When completing the NOS, we rated the study in relation to whether prior concussion history is a predictor of worse clinical recovery from concussion. Thus, in
certain circumstances, the original study design might have earned credit on one of the NOS parameters based on the predictor variables of interest in that study
(which were not prior concussion history). However, when we conceptualized the study with prior concussion history as the primary variable of interest, it did not
receive credit on that same parameter (e.g., because appropriate covariates of prior concussion history were not examined)

comparability. This was primarily attributable to study
design and lack of statistical control for covariates (e.g.,
gender, mental health status) that may be associated with
clinical outcomes. Most studies allowed sufficient follow-
up time for clinical outcomes to occur, although they
varied in their methodology for assessment of outcomes
(i.e., record linkage vs. self-report) and reporting on the
number of participants lost to follow-up.

Limited Information Relating to Prior Concussions

Reporting on features related to prior concussion his-
tory and the period for when prior concussion history
was measured (i.e., before or during the study period) is
presented in Additional file 1: Table S2. Nine of the 16
studies (56.3%) coded and analyzed concussion history
dichotomously (i.e., 0, >1 prior) although three of these
studies reported greater detail surrounding the number
of prior concussions (i.e., 0, 1, >2) in their demographic
sections. Prior concussion mechanism was not reported
in the majority of studies; only 25% of studies (k=4)
reported on the mechanism of the previous concussion.
Age at first concussion was only reported in one study,
and this appeared attributable to the study’s inception

cohort design [21]. The time interval since the most
recent concussion preceding the index concussion was
reported in 25.0% of studies (k=4); in these studies, the
interval ranged from within the past year to a median of
2 years. The majority of studies (68.8%, k=11) reported
the method for determining prior concussion history;
six relied on self-report, two relied on athletic trainer
report, two evaluated medical records, and one involved
a clinical assessment (attributable to its inception cohort
design [21]). Regarding injury severity characteristics of
prior concussions, aside from the study with an incep-
tion cohort design [21], none of the studies reported on
clinical characteristics such as loss of consciousness, ret-
rograde amnesia, or anterograde amnesia. Similarly, only
one study reported recovery times associated with prior
concussions (e.g., >3 days, >1 week, >28 days), attribut-
able to its inception cohort design [21].

Only 3 of the 16 studies (18.8%) were specifically
designed to examine the relation between prior con-
cussion history and outcome following subsequent
concussion [21-23]. The association between prior con-
cussion history and clinical outcome varied, with 2 stud-
ies reporting on shorter postinjury intervals (i.e., 7 days)
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and detecting an association between prior concus-
sion history and symptom duration, such that a greater
proportion of athletes with prior concussions reported
symptoms during this time interval [22, 23]. In contrast,
one study did not find an association between prior con-
cussion history and time to return to sport in collegiate
rugby players at a slightly longer postinjury interval
(10 days) [21]. Notably, all of these studies were con-
ducted over 15 years ago.

Additionally, of the 13 studies that reported on whether
prior concussion history referred to concussions sus-
tained prior to the study period, during the study period,
or included both, only 5 studies (38.5%) examined prior
concussions sustained during the study period [3, 21, 23—
25]. Interestingly, each of these 5 studies (100%) reported
at least one worse outcome associated with prior con-
cussions sustained during the study period; of the 9 out-
comes examined (e.g., symptom duration, time to return
to play), worse outcomes were reported for 5 of them
(55.6%; see Table 1). In contrast, of the 8 studies (61.5%)
for which prior concussions referred to injuries only sus-
tained prior to the study period [20, 22, 26-31], only 2
studies (25%) reported an association between prior con-
cussion history and worse outcome [22, 29].

Association Between Prior Concussion and Clinical
Outcome from Subsequent Concussion

When considering all studies, under the assumption of
80% power and 5% alpha or optimal study design, LR esti-
mates indicate strong evidence of an association between
prior concussion history and worse outcome as 7 of the
16 studies (43.8%) found an association (see Table 3).
Similarly, there appears to be strong evidence of an asso-
ciation when examining the studies with the lowest risk
of bias (k=4/7 studies reporting a statistically significant
association with worse outcome). However, changing the
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parameters relating to power and alpha to mirror what
might be more realistic study design conditions dramati-
cally reduces confidence in this association. Moreover,
when we consider the outcomes that were most often
studied, such as duration of symptoms (k=4/13 studies
showing an association) or time to return to play (k=2/7
studies showing an association), likelihood ratios yielded
the opposite conclusion, that is, evidence in support of
the null hypothesis (i.e., no association).

Symptom Duration. As can be seen in Table 4, stud-
ies assessing symptom duration varied in the length of
recovery time measured and analyzed. At earlier postin-
jury intervals (i.e., <7 days), two of three studies reported
a significant association between concussion history and
symptom duration [22, 23]. In a study of NCAA football
players, length of symptom recovery was divided into
three categories (rapid: <1 day, gradual: 1-7 days, and
prolonged: >7 days). These symptom duration groups
were compared relative to the number of prior concus-
sions (0, 1, 2, >3) and revealed significant differences
between groups (Fisher’s exact test, p=0.03) [23]. Simi-
larly, a smaller scale study of 57 NCAA athletes exam-
ined the association between concussion history and
symptom duration lasting beyond 7 days. In this study,
a greater proportion of athletes with a history of prior
concussion (32%) endorsed cognitive/balance symptoms
at 1 week postinjury compared to those with no concus-
sion history (8%) [22]. In contrast, in a study of 45 colle-
giate athletes whose symptoms resolved within one week
(Mdn=6.1 days), concussion history and symptom dura-
tion were not associated [24].

The majority of studies examining symptom duration
did so at 10 or more days postinjury or in a continuous
manner. A study of NCAA athletes that assessed symp-
tom duration as a continuous variable investigated
the effect of on-field heat index and altitude on clinical

Table 3 Likelihood ratio estimates in support of the null hypothesis (no effect of prior concussion on clinical outcomes)

Total studies

Studies reporting both “positive” results and null results

Number of “Positive” studies

Likelihood ratio

80% Power, 5% alpha 45% Power,

25% alpha
All studies 16 7 21807+ 376+
Symptom duration 13 4 18.78— 1.55—
Return to play 7 2 9.45— 1.46—
Lowest risk for bias® 7 4 6115+ 414+

“Positive” refers to a statistically significant result (i.e., < 0.05). Studies that reported both statistically significant results and null results were classified as reporting
“positive” results suggestive of an association between prior concussion history and clinical outcome (with the exception of Lempke et al. [29] as noted in Table 1).
+ (positive) Higher likelihood ratios (LR) indicate increased likelihood in favor of the alternative hypothesis (i.e., prior concussion history is associated with clinical
outcomes following subsequent concussion); — (negative) Higher likelihood ratios (LR) indicate increased likelihood in favor of the null hypothesis (i.e., prior
concussion history is not associated with clinical outcomes following subsequent concussion). Magnitude of LRs was characterized as follows: LR=1=no effect, LR
between 1 and 8 =weak, LR greater than 8 and less than 32 =moderate, LR greater than 32 = strong. °Greater than 6 credits on the Newcastle-Ottawa Scale
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recovery from concussion. This study had mixed results.
In a multivariable model that included the full study sam-
ple, concussion history was not associated with symptom
duration (p=0.139). However, concussion history was
associated with symptom duration in the subset of the
sample who sustained concussions during away competi-
tions—the reasons for this finding were unclear but may
have been related to differences in the on-field heat index
and altitude between home and away venues. Moreover,
the magnitude of this difference was small and likely not
clinically meaningful (as having at least one prior concus-
sion corresponded to an additional 0.99 days in symp-
tom duration, p=0.05) [29]. Aside from this isolated
result from a select subset of athletes from a larger sam-
ple, most studies did not report statistically significant
results. In a prospective study of men and women partici-
pating in collegiate rugby with no prior concussion his-
tory, athletes who sustained a second concussion during
the study period (N=9; hence, prior concussion history)
were all clinically asymptomatic by 10 days postinjury
[21]. Similarly, in a study of 127 NCAA athletes across
multiple sports, prior concussion history was not asso-
ciated with time to symptom resolution (i.e., <14 days
vs. > 14 days) [32]. A large-scale study of collegiate ath-
letes from Ivy League schools did not show an associa-
tion between number of prior concussions and symptom
duration in men (p=0.104) or women (p=0.560) [33].
Four additional studies of collegiate athletes also did not
show an association between concussion history and
symptom duration [20, 27, 28, 30].

Two studies reported statistically significant results
at longer postinjury intervals (i.e., 28 days). In a study
examining NCAA Injury Surveillance Program data from
the 2009-2010 to 2013-2014 seasons, a greater propor-
tion of athletes who sustained recurrent concussions
showed longer symptom resolution times (i.e., >28 days)
than those who sustained a single concussion (14.6% vs.
5.4%, p<0.001) [3]. Another study examining the NCAA’s
Injury Surveillance Program data from the 2009-2010
to 2014-2015 seasons revealed that athletes with recur-
rent concussion were more likely to experience persistent
symptoms (i.e., >28 days) in both univariable (13.3% vs.
6.5%, OR=2.22 [95% CI, 1.41-3.50], p<0.001) and mul-
tivariable analyses (OR=2.08 [95% CI, 1.28-3.36]) [2].
Interestingly, a study, conducted at a concussion spe-
cialty clinic, examined the ongoing presence of concus-
sion symptoms at 28 days postinjury and reported no
differences between those with and without concussion
histories; however, a higher percentage of participants
with prior concussions reported ongoing symptoms
(33.3% of participants with prior sport-related concus-
sions vs. 40.0% of participants with no prior sport-related
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concussions) relative to the NCAA Injury Surveillance
Program studies [20].

Return to Play. Seven studies reported on time to return
to play, and 71.4% (k=5) did not report an association
between concussion history and time to return to play.
In a study of 97 NCAA athletes, 48 of whom had a his-
tory of prior concussions, there was no difference in the
proportion of athletes with a prolonged time to return to
play based on concussion history (> 8 days; p =0.56) [26].
Similarly, a study of 138 collegiate athletes, 64 of whom
had prior concussions, did not report an association
between concussion history and time to return to play
[30]. In a large-scale study of Ivy League athletes, time to
return to play, measured as both time until initial clear-
ance to gradually resume activities and time until full
participation clearance, did not show an association with
number of prior concussions in either men (p=0.174,
p=0.327, respectively) or women (p=0.367, p=0.575,
respectively)[33]. Additionally, time to return to play did
not differ between those with and without a history of
prior concussion in a sample of university-level athletes
in Canada [34].

In contrast, two of seven studies (28.6%) reported an
association between concussion history and longer times
to return to play. Data from the NCAA’s Injury Surveil-
lance Program indicated that a higher proportion of ath-
letes with recurrent concussions took longer to return
to play (>28 days) than those who did not have recur-
rent concussions (21.2% vs. 7.7%; p<0.001) [3]. Simi-
larly, in a study of 45 NCAA football players, those with
a prior concussion history displayed 86% longer return to
play times than those with no prior concussion history
(OR=1.86 [95% CI, 1.06-3.28]), although, interestingly,
there was no difference in symptom duration time. The
study’s authors speculated that this discrepancy may have
been attributable to more conservative management of
players with a concussion history by healthcare personnel
[24]. In the previously discussed study that examined the
effect of an on-field heat index and altitude [29], concus-
sion history was not associated with return to play times
in a multivariable model (»p =0.091). However, similar to
the relation between concussion history and symptom
duration, in the subset of athletes who sustained concus-
sions during away competitions, a history of one or more
concussions was associated with an additional 2.88 days
in time to return to play (p=0.008).

Time to Return to Academics. Only one study exam-
ined time to return to academics and reported mixed
results. Among collegiate men (n=1209), Kaplan—Meier
survival analyses revealed an association between num-
ber of prior concussions and time to return to academics
(p=0.022); however, a statistically significant association
between time to return to academics and number of prior



Gaudet et al. Sports Medicine - Open (2022) 8:134

concussions was not reported among collegiate women
(n="765; p=0.900) [33].

Cognitive Functioning. One study reported on the asso-
ciation between concussion history and cognitive func-
tioning. This study was comprised of men and women
who participated in collegiate rugby and reported that
players who sustained multiple concussions during the
study period and those who did not performed at base-
line levels on cognitive testing by 10 days postinjury.
Notably, cognitive functioning was a secondary outcome
in the study, and information describing cognitive meas-
ures and scores was not presented [21].

Vestibular Functioning. Two studies reported on the
association between concussion history and vestibular
functioning. In a study of men and women participating
in collegiate rugby, relative to players with no prior con-
cussions, those with a prior concussion history showed
differences in vestibular functioning as measured by
virtual reality motion testing (p <0.001) at least 30 days
following injury [21]. In contrast, in a study assessing
dual-task gait recovery among Division 1 NCAA ath-
letes, concussion history was not associated with single-
task gait recovery (HR=1.033, p=0.92) or dual-task gait
recovery (HR=1.301, p=0.50) at less than 7 days postin-
jury, approximately 1.5 months postinjury, or approxi-
mately 3.5 months postinjury [35].

Psychiatric Functioning. One study assessed the asso-
ciation between the number of prior concussions and
self-reported depressive symptoms following an index
concussion both within 48 h and 5 days (range 1-41 days)
postinjury. This study did not report a significant associa-
tion between concussion history and depressive symp-
tomatology (r=0.16, p=0.15) [31].

Discussion

This systematic review identified 16 studies that exam-
ined the association between prior concussion history
and clinical outcomes following subsequent sport-related
concussion in college-aged athletes. The mean CEBM
level of evidence rating was 3.1 and NOS risk of bias
rating was 5.4. The literature is mixed with 43.8% of the
studies reporting a statistically significant association
among their primary analyses between prior concussion
history and worse clinical outcome. The majority of stud-
ies reported on either symptom duration (k=13) and/
or time to return to play (k=7). Additional clinical out-
comes included time to return to academics (k=1), cog-
nitive functioning (k=1), vestibular functioning (k=2),
and psychiatric functioning (k=1). Concussion history
was primarily reported as a demographic variable or
covariate and was rarely examined as a primary predic-
tor or focus of the study. Only three studies were explicitly
designed to examine the association between concussion
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history and outcome. Effect sizes characterizing the mag-
nitude of association between concussion history and
clinical outcomes were not commonly reported nor able
to be calculated and meta-analyzed. Descriptive informa-
tion relating to the nature and clinical characteristics of
prior concussions was severely limited. Overall, based on
the number and quality of studies reporting statistically
significant results, there is only modest evidence in sup-
port of an association between a history of concussion
and worse clinical outcome following a subsequent sport-
related concussion in college student athletes. At present,
the extant literature, considered in toto, remains incon-
clusive. There are numerous qualifications and caveats
regarding the generalizability of the literature.

This review is comprised of studies that reported both
significant and null results for the majority of clinical
outcomes assessed. Of the studies that assessed symp-
tom duration, results were mixed, and a minority (30.8%;
k=4) reported at least one statistically significant asso-
ciation between concussion history and symptom dura-
tion in their primary analyses. Two of the studies that
reported significant results reported on a brief postin-
jury outcome interval (i.e., symptoms persisting more
than 7 days) [22, 23]. Two other studies appeared to have
examined overlapping samples from the NCAA Injury
Surveillance Program [2, 3]. The remaining studies (k=9)
reported no association between prior concussion his-
tory and symptom duration. Likelihood ratios provided
evidence in support of the null hypothesis (i.e., no associ-
ation between concussion history and symptom duration;
Table 3). Taken together, studies assessing the association
between prior concussion and symptom duration follow-
ing subsequent sport-related concussion did not yield
evidence that allows for a clear inference regarding the
presence of an association. Among the studies reporting
on additional clinical outcome, such as return to academ-
ics, cognitive functioning, psychiatric functioning, and
vestibular functioning, there were too few studies to draw
any conclusions.

Of the studies that reported on time to return to play,
results also were mixed and a minority (28.6%; k=2)
reported at least one statistically significant result show-
ing an association between concussion history and
greater time to return to play. Notably, one of those stud-
ies reported no association between symptom duration
and concussion history, leading the authors to speculate
that clinicians at their study sites managed athletes differ-
ently based on their reported concussion history and thus
held them out of sports longer despite a similar symptom
duration to those athletes without a concussion history
[24]. Research examining concussion management trends
among NCAA football players suggests that concussion
management practices have become more conservative
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over time. For example, among samples of NCAA foot-
ball players, between 1999 and 2001 the median time to
return to play was only 3.0 days, whereas between 2014
and 2017 the median time to return to play was 12.2 days
[36]. In sum, although a few studies report longer time
to return to play among athletes with prior concussions,
it is unclear the extent to which evolving concussion
management protocols or clinician decisions/manage-
ment practices may have contributed to the few observed
differences.

Several studies not included in this review that reported
on prior concussion history and clinical outcomes bear
mentioning. These studies were excluded due to a size-
able proportion of high-school aged students included
in their sample and the authors not reporting results of
interest separately for college-aged athletes. Two studies
conducted in specialty concussion clinics did not report
an association between number of prior concussions and
symptom duration [37, 38]. Similarly, a study consisting
of adolescents and young adults (age range 13—27 years)
who sustained sport-related and non-sport-related con-
cussion did not detect an association between the num-
ber of prior concussions and acute symptom severity,
recovery time, or the proportion of participants recov-
ered within 28 days [39]. Additionally, symptom duration
in high school and collegiate athletes was not associated
with either recurrent concussion (i.e., same season repeat
concussion; OR=1.14, 95% CI=0.57, 2.31, p=0.71) or
number of prior concussions (p=0.44) [40]. Another
large-scale study comprised of 8,905 collegiate and 7513
high school athletes reported no association between
concussion history and symptom duration, cognitive
functioning, and vestibular functioning by three days
postinjury [41].

Limitations

Our systematic review has several limitations. The
most important limitation is that most studies were not
designed specifically to examine the association between
a personal history of one or more prior concussions and
outcome from the athletes’ current concussion. Instead,
these studies treated concussion history more like a
demographic variable or covariate, not a primary hypoth-
esis-associated variable of interest. Statistically, several of
the studies were likely underpowered to detect group dif-
ferences on the basis of concussion history due to small
sample and cell sizes. Moreover, reporting of effect sizes
was limited—thereby precluding inferences regarding the
overall magnitude of effects on clinical outcomes. This
limitation also restricted our ability to synthesize data
using traditional meta-analytic methods; however, we
offset this limitation to some extent through the use of a
likelihood heuristic.
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The review was limited to English language studies;
hence, a language-of-publication bias may be present.
Relatedly, only published studies were included in the
review, raising the risk of publication bias with possible
underrepresentation of studies that did not reveal statis-
tically significant associations (the so-called file-drawer
problem). In regard to the nature of the topic, many of
the studies relied on self-report of prior concussion his-
tory or did not report the method for gathering this
information. Consequently, the reliability of the reported
number of prior concussions and proportions of samples
with prior concussions are uncertain. Relatedly, there is
the potential for varying definitions of concussion being
used across studies. The majority of studies (k=9) ana-
lyzed the association between concussion history and
clinical outcomes with concussion history coded as a
binary variable (i.e., >1 prior, yes/no). Although such
procedures may be necessitated by the nature of avail-
able data, analyzing concussion history as a dichotomous
predictor of clinical outcomes does not allow for assess-
ment of differences between individuals with only one
prior concussion versus those who may have sustained
three or more, for example. Lastly, we do not know how
prior concussions were clinically assessed and managed.
Studies included in the review were published between
2004 and 2021. Concussion management practices have
evolved significantly over this 17-year period. Hence, for
example, associations between concussion history and
clinical outcome for concussions sustained in 2005 may
differ from prior concussions sustained in 2020 as a func-
tion of differences in management practices.

Future Directions

More focused, adequately powered, hypothesis-driven
research on this topic is needed as prior concussion his-
tory will continue to be a variable of interest in research
assessing both short- and long-term clinical outcomes
following sport-related concussion. As will be described
below, addressing methodological gaps identified in this
review represents an initial pathway toward advancing
our knowledge and understanding of the potential effects
of multiple concussions. To this end, we believe there are
seven important considerations.

First, we should aim to measure and report on the
number of prior concussions more precisely. Obtain-
ing continuous (i.e., total number) versus binary (i.e.,
>1 prior concussion, yes/no) estimates allows for more
detailed and granular analyses. For example, results of a
recent study suggest that among former collegiate foot-
ball players, with no professional football exposure,
a history of three or more prior concussions, but not a
prior history of only one or two concussions, was asso-
ciated with worse health outcomes (e.g., physical pain,
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depressive symptomatology, general health) 15 years
after the conclusion of their athletic careers [42]. This
apparent threshold of three or more prior concussions,
versus only one or two, has been cited as a prognostic
indicator for worse clinical outcomes in other studies
as well [11, 23, 42, 43]. Additionally, a study conducted
across 3 university-affiliated specialty clinics, comprised
of 270 adolescents, reported that a history of 3 or more
prior concussions increased risk for experiencing per-
sistent postconcussion symptoms. Of note, the subsam-
ple of adolescents with 3 or more prior concussions was
small (m=15). Approximately 67% of adolescents with
3 or more prior concussions, 38% with 2 or more prior
concussions, 38% with 1 or more prior concussions, and
32% with no prior concussions experienced persistent
symptoms. Additional factors known to contribute to
clinical recovery were not controlled for, such as gender,
symptom burden, and psychiatric status [44]. However,
in the absence of more robust data collection procedures,
and large sample sizes, knowledge related to whether, or
the extent to which, the number of prior concussions is
associated with clinical outcomes and whether there is a
certain threshold (e.g., 3 or more) that increases risk for
worse outcomes, will remain uncertain.

Second, clinical features associated with prior con-
cussions may be of value in better understanding the
potential association between prior concussion history
and clinical outcome from subsequent concussion and
should be reported in future research. The time interval
between prior concussion and the index concussion is
likely a topic of importance [45]. Results of the present
review indicated that prior concussions sustained during
the study period, as opposed to before the study period,
and thus closer in time to the index concussion were
more frequently associated with worse clinical outcomes
following a subsequent concussion. The time course of
recovery from prior concussions may be of considerable
importance in mediating an association between con-
cussion history and clinical outcome. For example, there
might be a subgroup of athletes who have experienced
swift recoveries from prior concussions and are thus
more resilient and optimistic, and less prone to health-
related anxiety that may interfere with recovery from a
subsequent concussion. In contrast, there may be a sub-
group of athletes that has experienced a challenging and
prolonged recovery from a prior concussion and subse-
quently is more susceptible to factors that might prolong
recovery from a subsequent concussion. In a large study
of children and adolescents, concussion history, per se,
was not a strong predictor of having symptoms lasting
more than a month—but having a prior concussion with
symptom duration greater than 7 days was an independ-
ent risk factor for having prolonged symptoms with their
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current concussion [46]. Additional data that might have
prognostic value include the age at time of first concus-
sion [47, 48], prior concussion injury mechanisms [49],
and acute symptom severity of prior concussions [50].

Third, half of the studies included in this review had
cell sizes of those with prior concussions of 50 or fewer.
Larger, hypothesis-driven studies are needed. That said,
future researchers conducting extremely large studies,
with sample sizes in the thousands or tens of thousands,
are encouraged to interpret their statistically signifi-
cant findings in close association with the effect sizes,
because very small magnitude differences that are statis-
tically significant might have limited practical or clinical
importance.

Fourth, and related to clinical outcomes, we must
strive for inclusion of social determinants of health in
study designs, particularly in accounting for concus-
sion history. Recent research has revealed that although
approximately equivalent percentages of White and Black
athletes reported a history of concussion nondisclosure,
reasons for nondisclosure differed by race [51]. Moreover,
social determinants warrant consideration in the assess-
ment of clinical outcomes following concussion, because
factors such as health insurance (public vs. private), com-
monly cited as a proxy for socioeconomic status, have
been associated with time to return to school [52]. Addi-
tional research has used ZIP code and health insurance
provider as proximal indicators of socioeconomic status
and has yielded mixed results in regard to time to recover
from concussion among adolescents [53, 54]

Fifth, examination of the association between prior
concussions and a broader range of clinical outcomes is
warranted. Only three studies in this review were pri-
marily designed to assess whether having prior concus-
sions was associated with worse clinical outcome from a
subsequent concussion; the remaining studies typically
included prior injury history as a demographic variable
or covariate. Additionally, numerous studies examined
symptom duration and time to return to play; however,
few studies examined time to return to academics, cog-
nitive functioning, psychiatric functioning, or vestibular
functioning. As it relates to collegiate athletes, and col-
lege students in general, time to return to academics
(without accommodations) is among the most critical
outcomes and is likely to have a significant impact on
well-being. Recommendations and guidelines for return
to academics following concussion tailored to college stu-
dents are emerging [55, 56]. Developing a more advanced
understanding of academic outcomes among college stu-
dents who have returned to school following concussion
may support the development and refinement of such
recommendations. Whether a history of prior concus-
sions has a mediating or moderating effect on college
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students’ time to return to school following concussion
will be an important consideration in this pursuit.

Sixth, as it relates to college-age populations, we should
expand beyond collegiate athletes to better understand
how concussion history interacts with outcomes in col-
lege students who are not participating in sports. Results
from a recent large university cohort study revealed that
approximately 44% of students who were not athletes,
and who sustained an index concussion while in col-
lege, reported a personal history of prior concussion.
Index concussions reported in this study resulted from a
variety of mechanisms, such as falls, motor vehicle acci-
dents, objects falling on their head, and physical alterca-
tions [57]. Given that this population likely does not have
equivalent access to athletic training and rehabilitative
services that collegiate athletes receive, better under-
standing of their clinical outcomes might allow for more
effective provision of healthcare services.

Seventh, we should aim to better understand mecha-
nisms underlying an association between prior concus-
sion history and worse clinical outcomes. Neuroimaging
research has reported differences in cingulate cerebral
blood flow between athletes with and without a history
of concussion at 1 year following return to play from
concussion. Such findings were present in the absence of
between group differences on cognitive screening and in
time to return to play [58].

Conclusion

The question of whether college athletes with a prior his-
tory of concussion have, on average, worse clinical out-
come from their next concussion remains unresolved.
The studies published to date report mixed findings, and
in aggregate show only modest evidence for an asso-
ciation. Many studies to date are small, and only three
focused specifically on this topic. Moreover, early stud-
ies defined prolonged recovery as greater than 7-10 days,
whereas in the past few years that time period is consid-
ered subacute and it is common for athletes to be going
through a gradual process of recovery and return to play
during that time period. Therefore, longer time to return
to play among some athletes with prior concussions may
be attributable to changing protocols towards more con-
servative medical management, over the past 15 years,
rather than reflecting a true deleterious effect of prior
concussions on recovery time from a subsequent injury.
This will require careful study to disentangle. Important
clinical outcomes such as time to return to academics,
cognitive functioning, psychiatric functioning, and ves-
tibular functioning have not been adequately studied.
Larger hypothesis-driven studies that consider the num-
ber of prior concussions (e.g., 3 or more) are needed to
better understand whether those with multiple prior
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concussions are more likely to experience prolonged clin-
ical recovery, and why.
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