
The neuropsychological impact of
sports-related concussion:
A meta-analysis

HEATHER G. BELANGER1,2,4 and RODNEY D. VANDERPLOEG1,2,3,4

1James A. Haley Veterans’ Hospital, Tampa, Florida
2Department of Psychology, University of South Florida, Tampa, Florida
3Department of Psychiatry, University of South Florida, Tampa, Florida
4Defense and Veterans Brain Injury Center, Tampa, Florida

(Received December 23, 2004; Revised January 19, 2005; Accepted January 19, 2005)

Abstract

There is increasing interest in the potential neuropsychological impact of sports-related concussion. A meta-analysis
of the relevant literature was conducted to determine the impact of sports-related concussion across six cognitive
domains. The analysis was based on 21 studies involving 790 cases of concussion and 2014 control cases. The
overall effect of concussion (d5 0.49) was comparable to the effect found in the non-sports-related mild traumatic
brain injury population (d5 0.54; Belanger et al., 2005). Using sports-concussed participants with a history of prior
head injury appears to inflate the effect sizes associated with the current sports-related concussion. Acute effects
(within 24 hr of injury) of concussion were greatest for delayed memory, memory acquisition, and global cognitive
functioning (d5 1.00, 1.03, and 1.42, respectively). However, no residual neuropsychological impairments were
found when testing was completed beyond 7 days postinjury. These findings were moderated by cognitive domain
and comparison group (control group versus preconcussion self-control). Specifically, delayed memory in studies
utilizing a control group remained problematic at 7 days. The implications and limitations of these findings are
discussed. (JINS, 2005, 11, 345–357.)
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INTRODUCTION

Sports-related concussion occurs with some frequency.
Among high school athletes, for instance, 5.5% of all inju-
ries are concussions with an estimated 62,816 new cases of
concussion annually (Powell & Barber-Foss, 1999). Foot-
ball accounts for 63% of these injuries. The rate of concus-
sion is similarly high in professional sports with an estimated
.41 concussions per National Football League game (Pell-
man et al., 2004).

Sports-related concussion has gained increasing atten-
tion in the neuropsychology literature. Early work by Barth
and colleagues (Barth et al., 1983; Rimel et al., 1981) in the
1980s set the stage for a plethora of empirical investigation
into the neuropsychological impact of concussion in sports

and the resolution of cognitive sequelae over time. In addi-
tion, other researchers have suggested the possibility that
repeated exposure to sports-related activities such as head-
ing a soccer ball may cause a more subtle concussion (e.g.,
headaches, dizziness, feeling “dazed,” etc.) with an associ-
ated dose–response effect (Webbe & Ochs, 2003; Witol &
Webbe, 2003).

Although it is clear that most patients suffer at least some
acute cognitive difficulties associated with concussion or
mild traumatic brain injury (MTBI) more generally, the
nature and course of postacute cognitive recovery remains
an area of intense controversy. In non-sports-related MTBI,
most cases recover completely within the first 3 months
(Dikmen et al., 1986, 1995; Gentilini et al., 1985; Gronwall
& Wrightson, 1974; Levin et al., 1987), however, a signif-
icant minority continue to manifest cognitive deficits beyond
that point, with prevalence estimates varying across study
from 7–8% (Binder et al., 1997) to 33% (Rimel et al., 1981).
In addition, a number of individuals continue to report dis-
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tressing symptoms for months (Alves et al., 1993; Dikmen
et al., 1986; Hartlage et al., 2001; Powell et al., 1996) or
years postinjury (Alexander, 1992; Deb et al., 1999; Hart-
lage et al., 2001). Frequently these complaints involve a
constellation of physical, emotional, and cognitive symp-
toms collectively known as postconcussion syndrome (PCS).

Four meta-analytic reviews have been conducted on neuro-
psychological outcomes in MTBI (Belanger et al., 2005;
Binder et al., 1997; Schretlen & Shapiro, 2003; Zakzanis
et al., 1999) which together suggest (1) small overall effects,
(2) somewhat larger effects in certain domains (i.e., atten-
tion largest), (3) a decrease in effect size with time since
injury, and (4) effect size differences by sample selection
criteria (i.e., larger effects associated with clinic-based or
litigation samples as opposed to population-based sam-
ples). Quantitative summaries of sports-related concussion
have not yet been conducted.

Investigation of concussion in an athletic context affords
the researcher many advantages over studying concussion
in a hospital setting, including access to a large at-risk pop-
ulation sometimes willing to undergo baseline testing, the
ability to test injured parties immediately after injury, and
the ability to follow them up at subsequent time points. On
the other hand, many argue that this population differs sub-
stantially from other MTBI patients (e.g., higher motiva-
tion levels, less secondary gain issues) and can therefore
not be meaningfully compared with them. Concussion in
the sports arena is often diagnosed by a variety of different
personnel (i.e., athletic trainers, team physicians, etc.) rather
than emergency room physicians or neurologists, perhaps
creating more liberal inclusion criteria. In addition, some
would argue that athletes represent a group that differs greatly
in terms of motivation to resume normal activities (“get
back into the game”) and are typically more physically fit
than the general population. These constitutional variables
may impact neurocognitive status and recovery rates. Finally,
effort testing is not used systematically in the sports arena
to “throw out” data associated with questionable effort as is
done in some research studies of concussion in the general
population.

Given these factors, it seems necessary to consider ath-
letes separately when trying to elucidate the neuropsycho-
logical impact of concussion and associated recovery rate.
In addition to the differences in participants and injuries
noted above, sports-related studies of concussion typically
utilize more assessment episodes closer together in time,
therefore likely increasing practice effects. As we recently
conducted a meta-analysis of the general MTBI literature
(Belanger et al., 2005), we felt it was important to examine
the neuropsychological impact of sports-related MTBI sep-
arately. The purpose of this study is therefore to determine
the magnitude of impairment in sports-related concussion
across multiple cognitive domains. Of primary interest was
whether there are differences in effect sizes based on sev-
eral dimensions: cognitive domain (e.g., attention, memory,
etc.), time since injury, computer versus traditional assess-
ment techniques, and the method of assessment across time

(comparisons made within or between subjects). A second-
ary analysis was conducted to examine those studies report-
ing correlations between exposure (e.g., number of soccer
headings or bouts in boxing) and neuropsychological
functioning.

METHOD

Search Strategy

Articles published between 1970 to August 2004 were
identified through a literature search of online databases
(PUBMED and PsychINFO). The search was limited to
articles published in the English language using human
participants. The key words were “sport(s),” “athlete(s),”
“football,” “soccer,” “hockey,” “ice hockey,” “boxing,” “cog-
nition,” “neuropsychological,” “minor,” “head injury,” “brain
injury,” “mild,” “traumatic brain injury,” and “concussion.”
In addition, we examined the reference sections of retrieved
empirical studies to locate additional studies. This was done
to minimize the possibility of overlooking any studies missed
in the computerized database searches.

Selection Criteria

Concussion meta-analysis

To be included in the analysis, studies had to meet several
criteria which were implemented to ensure a reasonably
homogeneous set of studies and to allow for the calculation
of effect sizes pertaining to the potential cognitive sequelae
of concussion. First, participants were diagnosed with con-
cussion in the context of a sporting event. Diagnosis was
made using standard criteria, such as the American Acad-
emy of Neurology Practice Parameter (Kelly & Rosenberg,
1997), and0or by medical personnel. Liberal inclusion was
deemed appropriate given the variety of different personnel
asked to determine the presence of concussion in the sports
arena. Second, participants with mild head injury had to be
compared to some control group or to preinjury baseline
performance. Case studies were excluded. Third, partici-
pants had to be compared on cognitive measures, either
clinically validated tests or experimental measures. Fourth,
the studies had to include sufficient statistical information
to allow for calculation of effect sizes. Given the cautionary
findings reported by Dunlap et al. (1996) with regard to
inflated effect sizes associated with statistics reported in
correlated designs (i.e., those reporting only correlational
statistics), only studies reporting means and standard devi-
ations were included. Fifth, participants had to be adults or
adolescents, as children may have different cognitive
sequelae following concussion (Borg et al., 2004; Capruso
& Levin, 1992). As many studies did not report specific
ages, only studies using high school athletes and beyond
were included. Finally, as we are interested in changes in
cognitive functioning over time following concussion, we
only included studies that reported time since injury.
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We examined a total of 69 studies of which 21 met inclu-
sion criteria (see asterisked studies in the Reference sec-
tion) for a total of 23 effect size estimates. Two studies
(Cremona-Meteyard & Geffen, 1994; Lavoie et al., 2004)
contributed two separate effect sizes, as results for these
studies were presented by separate participant groups
(labeled ‘a’ and ‘b’). The 21 studies contributed a total of
790 cases of concussion and 2014 control cases. Of the
total effect sizes, 16 (or 70%) involved multiple assess-
ments. Of those 16 studies with multiple assessments, all
but two involved pre–post within-subjects comparisons and
12 of them involved some form of control group compari-
son. Of the 12 control group comparisons, eight (or 67%)
retested the control participants at the same time intervals
as the concussed athletes. Studies with an overall effect size
that were two standard deviations away from the overall
mean effect size estimate (d ) were flagged as potential out-
liers. Funnel plots (Egger et al., 1997) were then used to
further verify the presence of extreme values. Funnel plots
are graphical representations of effect size plotted as a func-
tion of sample size. Using this approach, no outliers were
removed (see Figure 1). The basic characteristics of each of
the included studies are displayed in Table 1.

Exposure meta-analysis

To be included in this analysis, studies had to include par-
ticipants in sports typically associated with head injury risk
(i.e., boxing or soccer). Again, cognitive measures included
either clinically validated tests or experimental measures.
Studies that investigated the correlation between “expo-
sure” (as defined by heading frequency in soccer or number
of bouts in boxing) and cognitive functioning were consid-
ered separately from those that compared participants of
these sports with control participants.

We examined a total of ten studies that compared “exposed
athletes” to controls (see studies marked with the # sign in
the Reference section). One study represented an extreme
outlier using the aforementioned procedures and was deleted.
The nine remaining studies contributed a total of 264 cases
of “exposed” athletes and 176 control cases. The basic char-
acteristics of each of the included studies and their effect
sizes are displayed in Table 2. In addition, four of these
studies reported correlations between length of “exposure”
and cognitive functioning which were analyzed separately.
When studies presented both current and cumulative expo-
sure, data based on cumulative exposure was utilized.

Cognitive Outcome Measures

The outcome measures for both meta-analyses were tests of
cognitive performance for concussion cases and controls.
These tests were grouped into nine broad domains of func-
tioning, based upon the typical grouping seen in the neuro-
logical and neuropsychological literature (Lezak, 1995;
Spreen & Strauss, 1998). For experimental tasks (i.e., tasks
not validated for clinical use), we relied upon the authors’
domain assignment. Measures included within the nine
domains are: orientation—Orientation subtest from the Stan-
dardized Assessment of Concussion (SAC; McCrea et al.,
2000); global cognitive ability—Wechsler Adult Intelli-
gence Scales full scale IQ scores (Wechsler, 1987a, 1997a),
SAC total score (McCrea et al., 2000), the Repeatable Bat-
tery for the Assessment of Neuropsychological Status total
score (Randolph, 1998), the General Neuropsychological
Deficit Scale from the Halstead-Reitan Neuropsychologi-
cal Test Battery (Reitan & Wolfson, 1993), Raven’s Pro-
gressive Matrices (Raven, 1960), the Shipley Institute of
Living Scale (Shipley, 1940); attention—Trail Making Test-
Part A (Reitan & Wolfson, 1985), Digit Span and Visual

Fig. 1. Funnel plot showing effect sizes for concussion meta-analysis delineated by sample size.
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Span subtests from the Wechsler Memory Scales (Wechsler,
1987b, 1997b), the Perceptual Speed Test (Moran & Mefferd,
1959), concentration subtest from SAC (McCrea et al., 2000),
Stroop Color and Word Test color and word scores (Golden,
1978), the Speed of Comprehension Test (Baddeley et al.,
1992), Vigil Continuous Performance Test (The Psycholog-
ical Corporation, 1994), subtests (reaction time, continuous
performance test, mathematical processing, matching to sam-
ple, Sternberg procedure) from the Automated Neuropsy-
chological Assessment Metrics (Bleiberg et al., 2000),
reaction time from the CogState (Westerman et al., 2001),
subtests (processing speed, complex reaction time and sim-
ple reaction time) from the Concussion Resolution Index
(Erlanger et al., 1999), Paced Auditory Serial Addition Task
(Gronwall, 1977; Levin, 1983), subtests (Digit Span and
Digit Symbol) from the Wechsler Intelligence Scales (Wech-
sler, 1974, 1987a), subtests (reaction time and processing
speed) from the Immediate Postconcussion Assessment and
Cognitive Testing (Maroon et al., 2000), Continuous Per-
formance Test (Conners, 1995), experimental simple and
choice reaction time tasks; executive functioning—Trail

Making Test-Part B (Reitan & Wolfson, 1985), Stroop Color
and Word Test interference score (Golden, 1978), number
of perseverations on the California Verbal Learning Test
(CVLT; Delis et al., 1987), semantic clustering from the
Hopkins Verbal Learning Test–Revised (HVLT–R) (Bene-
dict et al., 1998), Controlled Oral Word Association Test
(Benton & Hamsher, 1976), Design Fluency (Jones-Gotman
& Milner, 1977), and the Wisconsin Card Sorting Test
(Heaton, 1981; Heaton et al., 1993); memory acquisition—
learning trials or immediate recall trials from the following
tests: CVLT (Delis et al., 1987), Benton Visual Retention
Test (Benton, 1974), Verbal Learning (Claeson et al., 1971),
Hopkins Verbal Learning Test (HVLT) (Brandt, 1991) and
HVLT–R (Benedict et al., 1998), Memory for Designs
(Graham & Kendall, 1960), Wechsler Memory Scale (Wech-
sler, 1987b, 1997b), Randt Memory Test (Randt & Brown,
1983), Selective Reminding Test (Buschke, 1973; Mattis &
Kovner, 1978), Rey-Osterrieth Complex Figure (Oster-
rieth, 1944), Rey Auditory Verbal Learning Test (Schmidt,
1996), SAC (McCrea et al., 1997); delayed memory—
delayed recall portions from the following tests: CVLT (Delis

Table 1. Characteristics of the 21 studies included in the concussion meta-analysis

First author
Year

published

Cognitive
domain(s)
examined

n
Concussed

n
Controls

Diagnostic
criteria Sport

Days
since
injury

Comparison
group

Age
group d

Barr 2001 G 50 68 AAN, ACRM F 0* B H, C 1.88
Bruce 2003 A, EX, DM 19 19 AAN M 0*,2,10 C C .59
Cremona-Meteyard 1994a A 9 12 None R 7,365 B P 2.22
Cremona-Meteyard 1994b A 8 12 None R 730 B P 2.05
Echemendia 2001 A, EX, AQ, DM 29 20 None M 0*,2,7 C C 1.37
Erlanger 2001 A 26 CGS M 2 S H, C .92
Guskiewicz 2001 A, EX, AQ 36 36 None M 1,3,5 B C .20
Guskiewicz 1997 A, EX, AQ 11 11 None M 1 C C .39
Hinton-Bayre 1999 A 20 NHMRC R 2 S P 1.39
Hinton-Bayre 1997 A, G 10 10 NHMRC R 2 C P .69
Iverson 2003 A, DM 41 56 AAN M 2 B H .95
LaVoie 2004a A 10 10 AAN M 293 C C .00
LaVoie 2004b A, EX, AQ, DM 10 10 AAN M 51 B C .20
Lovell 2004 A, DM 43 AAN M 1, 7 S H 2.01
Lovell 2003 DM 64 24 None M 2,4,8 B H .73
Macciocchi 1996 A, EX 183 183 None F 1,5,10 B C 2.30
Maddocks 1995 O 28 28 None R 0* C P .91
McCrea 2002 O, A, AQ, DM, G 91 1189 AAN, ACRM F 0*,1,2,90 B H, C .43
McCrea 2001 O, A, AQ, DM, G 63 55 AAN F 0*, 2 B H, C .61
McCrea 1997 O, A, AQ, DM, G 6 141 AAN, CG F 0* C H 1.18
Makdissi 2001 A, EX 6 7 CNS R 2 B P 2.37
Moser 2002 G 13 21 AAN M 4 C H .73
Warden 2001 A, DM 14 AAN, CG B 4 S C .17

Note. Cognitive Domains: O—Orientation, A—Attention, EX—Executive functions, AQ—Acquisition memory, DM—Delayed memory, L—Language,
V—Visuospatial skill, MO—Motor function, G—Global cognitive function. Diagnostic Criteria: criteria mentioned in article for participant selection:
AAN—Academy of Neurology Practice Parameter (Kelly & Rosenberg, 1997), ACRM—American Congress of Rehabilitation Medicine (1993),
CG—Colorado Guidelines (Colorado Medical Society, 1991), CGS—Cantu grading scale (Cantu, 1991), NHMRC—National Health and Medical
Research Council of Australia (National Health and Medical Research Council, 1994), CNS—Congress of Neurological Surgeons (1966), None—not
mentioned. Sport: B—boxing, F—football, M—mixture of sports (e.g., football, hockey, soccer, and basketball), R—rugby. Days Since Injury—average
time since injury collapsed across comparison group and rounded to the nearest decimal, *—tested immediately or within an hour.
Comparions Group: S—scores of injured group compared to self or preinjury baseline, C—scores of injured group compared to control group, B—both.
Age: H—high school, C—college, P—professional.
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et al., 1987), Wechsler Memory Scales (Wechsler, 1987b,
1997b), Rey-Osterrieth Complex Figure (Osterrieth, 1944),
Automated Neuropsychological Assessment Metrics (Blei-
berg et al., 2000), Verbal Learning (Claeson et al., 1971),
Randt Memory Test (Randt & Brown, 1983), HVLT (Brandt,
1991) and HVLT–R (Benedict et al., 1998), Rey Auditory
Verbal Learning Test (Schmidt, 1996), Immediate Postcon-
cussion Assessment and Cognitive Testing (Maroon et al.,
2000), SAC (McCrea et al., 1997); language—aphasia
screening errors from the Halstead-Reitan Neuropsycholog-
ical Test Battery (Reitan & Wolfson, 1993) and an experi-
mental synonyms test; visuospatial ability—the Block
Design subtest from Wechsler Scales (Wechsler, 1987a,
1997a), the Facial Recognition Test (Benton & Van Allen,
1968), the copy portion of the Benton Visual Retention Test
(Benton, 1974), and the Rey-Osterrieth Complex Fig-
ure (Osterrieth, 1944); and motor abilities—finger tapping
(Reitan & Wolfson, 1993) and the grooved pegboard test
(Lafayette Instrument Company, Undated).

Data Extraction and Statistical Analysis

Effect sizes were calculated using techniques espoused by
Hunter and Schmidt (Hunter & Schmidt, 1990; Hunter et al.,
1982). Calculated from the data reported in each study was
the effect-size estimate, d (i.e., the control group mean minus
the TBI group mean, divided by the pooled standard devi-
ation). Thus, d represents the standardized difference between
the two groups within each study, with a positive effect size
indicative of better performance by the control group. In
studies where more than one dependent measure was present
for a cognitive domain (e.g., multiple tests of memory), an
averaged effect size was calculated to avoid one study dom-
inating the results. For example, if a study had tests with
both nonverbal and verbal memory, these effect sizes were
averaged to generate the overall effect size for memory. For

studies with multiple time points, an average effect size
was calculated across time. For the summary effect sizes
reported in this study, the averaged d values are weighted
by each study’s sample size.

Moderator Variables

We also calculated the Q statistic to examine homogeneity
of effect sizes across studies. If a significant Q value is
observed, this indicates heterogeneity of results and poten-
tial moderator effects. We examined the influence of poten-
tial categorical moderating variables including study design
(serial vs. single assessment), administration method (com-
puterized vs. traditional), cognitive domain, time since injury
(within 1 day, 1–7 days, and beyond 7 days), participant
selection criteria (excluding vs. including those with prior
head injuries), and comparison group (self vs. control group).
If a time range was given rather than the exact time since
injury, the midpoint of the time range was utilized (e.g.,
0–24 days was coded as 11.5 days). These time ranges,
utilized for moderator analysis, were chosen to mimic the
majority of studies in this literature and to ensure adequate
numbers within each cell.

RESULTS

Concussion Meta-Analysis

Overall effect size

The overall effect (d ) of sports concussion on neuropsycho-
logical performance was .49 ( p , .05) based on 23 effect-
size estimates, Q (22) 5 3965, p , .05. The overall effect
(d ) associated with single assessment was .98 ( p , .05)
based on 11 effect-size estimates, Q (10) 5 304, p , .05,
whereas the overall effect (d ) associated with serial assess-

Table 2. Characteristics of the nine studies included in the exposure meta-analysis

First author
Year

published

Cognitive
ability domain(s)

examined
n

Athletes
n

Controls Sport
Level

of play

Included
previous

HI? d

Abreau 2000 G, A 31 31 Soccer A N 2.18
Brooks 1987 G, A, AQ, DM, MO, V 29 19 Boxing A Y .41
Downs 2002 A, EX, MO 32 29 Soccer A, P Y .39
Drew 1986 G, AQ, DM, L, MO 19 10 Boxing P Y 1.08*
Levin 1987 A, EX, AQ, DM, FL 10 10 Boxing A, P Y .31
Murelius 1991 A, EX, AQ, DM, L, MO, V 25 25 Boxing A Y .22
Tysvaer 1991 G, A, EX 37 20 Soccer P Y .49
Webbe 2003 G, A, EX, AQ, DM, V 60 20 Soccer A, P Y .21
Witol 2003 G, A, EX, AQ, DM, V 21 12 Soccer A Y .27

Note. Cognitive Ability Domains: G—Global, A—Attention, EX—Executive functions, AQ—Acquisition memory, DM—Delayed, FL—fluency,
L—Language; MO—fine motor functions, V—visuospatial.
Level of Play: A—amateur, P—professional.
Included Previous HI-Y—study either included participants with prior head injuries or did not mention, N—study excluded participants with previous
head injuries or LOC.
* denotes significance at p , .05. Positive effect sizes (d ) reflect better scores by control group.
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ment was .44 ( p , .05) based on 16 effect-size estimates
averaged across assessments, Q (15)5 2452, p , .05.

Overall effect size by administration method

The overall effect size (d ) associated with computerized
measures was .61 ( p , .05) based on 12 effect-size esti-
mates, Q (11) 5 297, p , .05. A comparable effect size
(d 5 .51) was associated with more traditional, paper-
and-pencil measures based on 16 studies, Q (15) 5 2412,
p , .05. Unfortunately, given that most of the studies
employing computerized measures primarily examined the
attention domain and did not vary greatly in terms of time-
since-injury, it was not possible to further break these effects
down, as would be necessary given the apparent heteroge-
neity inherent in these effects as indicated by the large Q value.

Overall effect size by participant
selection criteria

In an attempt to examine the influence of participant selec-
tion criteria, an analysis was conducted to compare those
studies that excluded participants who had sustained head
injuries within the last year with those studies which included
such participants. If an article did not mention this variable,
it was assumed that they did not exclude participants with
prior head injuries. The overall effect size (d ) for studies
excluding patients with a history of prior head injury was
not significant at .11 ( p . .05) based on seven effect-size
estimates, Q (6) 5 325, p , .05. In contrast, the overall
effect (d ) for studies which did not exclude such partici-
pants was significant at .65 ( p , .05) based on 16 effect-
size estimates, Q (15) 5 1408, p , .05. The average time
since current injury for those studies which excluded prior
head injuries was 1 day, which was substantially less than
the average time for studies not excluding prior head inju-
ries (68 days), suggesting that the difference is not due to
time since injury. However, given the small number of stud-
ies excluding patients with prior head injury, it was not
possible to further break these effects down, despite signif-
icant heterogeneity.

Overall effect size by comparison group

The overall effect (d ) of sports concussion for those studies
relying on control group comparisons was .89 ( p , .05)
based on 19 effect-size estimates, Q (18)5 2514, p , .05.
Of these 19 effect sizes, 12 represented a combined effect
across time. In these 12 studies with multiple time points,
eight (or 67%) involved retesting the controls at the same
time points as concussed athletes. The overall effect (d ) of
sports concussion for those studies relying on pre–post com-
parisons within subjects was .19 ( p , .05) based on 14
effect-size estimates, Q (13)5 2353, p , .05. Of these 14
effect sizes, eight (or 57%) involved a pre–post design with
a single assessment postinjury while the remaining six stud-
ies involved more than one measurement postinjury. Thus,
the smaller effect size for the pre–post comparison studies
likely reflects practice effects.

Effect sizes by cognitive domain

Average effect sizes for the nine cognitive domains are dis-
played in Table 3. The sports concussion group exhibited
statistically significant deficits in all domains except atten-
tion and executive functions. Most effect sizes were mod-
erate to large (Cohen, 1988) with memory acquisition and
global cognitive ability having the largest overall effect sizes.
Smallest overall effects were found in attention.

As can be seen in Table 3, significant heterogeneity was
apparent in all domains. We therefore examined the influ-
ence of two additional potential moderating variables: time
since injury and comparison group (control group vs. pre–
post self-comparison). These variables were selected for
further investigation based on the concussion literature and
because the number of studies including these variables
was generally sufficient to permit these additional analyses.

Effect sizes by cognitive domain, time since
injury, and comparison group

As can be seen in Table 4, cognitive domain, time since
injury, and comparison group all clearly affected effect sizes.
In all cognitive domains examined, the effect of sports con-

Table 3. Effect sizes for the six cognitive domains for the concussion studies

Number of
studies (k)

n
Controls

n
Concussed d 95% CI Q

Orientation 4 1413 188 .27* .17–.13 45*
Attention 19 1871 642 .02 2.06–.09 4797*
Executive functions 7 294 286 2.11 2.27–.06 174*
Memory acquisition 7 1462 246 .78* .68–.87 1059*
Delayed memory 10 1571 380 .60* .51–.69 260*
Global cognitive ability 6 1484 233 .81* .71–.91 481*

Note. Values in columns represent average effect sizes (d). Values in parentheses represent the number
of studies on which the average effect size is based (k). (n) represents sample size. Q is a statistic
representing the degree of homogeneity across study effect sizes. * indicates significant at p , .05.
Positive effect sizes (d ) reflect better scores by control group.
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cussion on neuropsychological functions steadily declined
over time. Studies conducted using control group compari-
sons had larger effect sizes overall than those studies con-
ducted using pre–post self or within-subject comparisons.
Most (67%) of the control group studies included compara-
ble multiple evaluations for both sport-concussion and con-
trol groups, whereas the pre–post self-studies confound
practice effects with recovery effects. Consistent with larger
practice effects, across cognitive domains, the “resolution”
of cognitive symptoms was more dramatic when self or within-
subjects comparisons were made. However, despite these dis-
crepancies, the largest acute adverse cognitive effects of sports
concussion were found within the domains of acquisition
memory, delayed memory, and global cognitive functioning,
regardless of which comparison group was utilized.

With the exception of delayed memory, the neuropsycho-
logical effects of concussion were not apparent when test-
ing was conducted beyond 7 days, regardless of comparison
group. In all domains but delayed memory, self compari-
sons actually resulted in better performance by this time
period compared to baseline, likely because of the practice
effects combined with the recovery effects. This was not
the case with control group comparisons, although gener-
ally there were small and insignificant effects apparent
beyond 7 days postconcussion. Once again, the one excep-
tion was delayed memory with a significant effect (d 5
.41). That one significant delayed memory effect is based
on three effect sizes: .61 at 7.6 days, .11 at 10 days, and .11 at

51 days postconcussion. Thus, even within the delayed mem-
ory domain, by 10 days postinjury sports-concussed individ-
uals did not differ significantly from noninjured controls.

Exposure Meta-Analysis

Overall effect size

The overall effect (d ) of “exposure” to head injury as mea-
sured by comparing participants in risky sports (i.e., soccer
and boxing) to control participants of less risky sports (e.g.,
track and field) was .31 ( p, .05) based on nine effect-size
estimates, Q (8) 5 79, p , .05. The overall effect (d ) of
“exposure” as measured by examining the correlation
between length of participation and neuropsychological func-
tioning was .71 ( p , .05) based on four effect-size esti-
mates, Q (3)5 32, p , .05. In these studies, exposure was
determined by number of boxing bouts and0or length of
career (Drew et al., 1986; Murelius & Haglund, 1991), or
frequency of heading in soccer (Abreau et al., 2000; Downs
& Abwender, 2002). As there were so few of these correla-
tional studies, they were not examined any further.

Effect size by cognitive domain

For those studies comparing “exposed” athletes to control
athletes, the overall effects (d ) by domain are presented in
Table 5. These effects are generally small to moderate with

Table 4. Time since injury by cognitive domain by comparison group

Within 24 hr 1–7 days Beyond 7 days
Cognitive domain

Comparison group d (k) Q d (k) Q d (k) Q

Averaged across domains
Self .44* (5) 464.4* 2.08 (11) 1384.4* 2.65* (5) 273.4*
Control .97* (10) 1021.1* .43* (11) 475.9* .22* (6) 25.7*

Orientation
Self .68* (2) 4.6* 2.15 (2) .4 2.48* (1) .0
Control .86* (4) 131.6* .45* (1) .0

Attention
Self .19* (4) 114.5* 2.25* (10) 930.3* 2.92* (4) 36.3*
Control .51* (8) 232.2* .35* (9) 378.5* .19 (5) 6.7

Executive Functions
Self 2.21* (2) 7.2* 2.85* (3) 15.6* 21.10* (2) 18.4*
Control .14 (4) 38.2* .13 (5) 77.7* .16 (3) .2

Acquisition Memory
Self .88* (3) 15.4* .19 (3) 7.2* 2.30* (1) 11.8*
Control 1.43* (6) 416.1* .84* (3) 84.3* .32 (1) .0

Delayed Memory
Self 1.13* (2) 2.2 .28* (6) 97.5* .09 (3) 2.5*
Control .96* (4) 41.3* .71* (4) 91.8* .41* (3) 6.4*

Global
Self 1.48* (3) 12.5* 2.11 (2) .7 2.78* (1) .0
Control 1.63* (4) 34.9* .32* (3) 6.7*

Note. Values in columns represent average effect sizes (d). Values in parentheses represent the number of studies on which the average
effect size is based (k). Q is a statistic representing the degree of homogeneity across study effect sizes. * indicates significant at
p , .05. Positive effect sizes (d ) reflect better scores by control group.
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nonsignificant effects for memory acquisition and visuospa-
tial skills. The largest effects were noted in the domains of
delayed memory, executive functions, and language, with d
values of .47, .54 and .57, respectively. Three of the five
domains represent smaller effects than those found acutely
following a concussion, as per the sports-concussion analysis.

DISCUSSION

Our meta-analysis provides an up-to-date and compre-
hensive review of the concussion literature in athletics.
Results from studies of sports-related concussion suggest
that there is an effect of concussion within the first 24 hr
with mild-to-moderate neuropsychological impairments
across domains, but with relatively large deficits in global
functioning (d5 1.42), memory acquisition (d5 1.03), and
delayed memory (d 5 1.00). However, this acute effect is
essentially zero beyond 7 days postinjury (10 days for
delayed memory). It is interesting to note that the overall
effect size of sports-related concussion (d5 .49) is similar
to the effect size associated with non-sports concussion in
the general population (d 5 .54) (Belanger et al., 2005).
Beyond the overall effect sizes, however, it is difficult to
compare these literatures. As athletes are generally tested
more acutely, initial effect sizes are larger in this literature.
So, for example, the largest effect sizes within 24 hr ranged
from 1.03 for memory acquisition to 1.42 for global cogni-
tive functioning whereas in the general population of MTBI,
memory acquisition effects measured within 90 days were
only .37 with the largest effect at .96 for delayed memory
(Belanger et al., in press). Again, different evaluation time
frames make comparisons difficult.

Overall, the results of this meta-analysis suggest that for
the athlete population at large, there is full neuropsycholog-
ical recovery following a sports-related concussion at
7–10 days postinjury. This is consistent with literature sug-
gesting that most cognitive deficits associated with sports-
related concussion resolve in the first several days (Bleiberg

et al., 2004; Bruce & Echemendia, 2003; Macciocchi et al.,
1996; McCrea et al., 2003), as well as with metabolic stud-
ies in animals suggesting resolution of the chemical cas-
cade that occurs following mild concussion within 6–10 days
(Giza & Hovda, 2001). Moderator analyses demonstrated
the importance of considering comparison group when exam-
ining the cognitive sequelae of sports-related concussion.
In general, studies relying on pre–post comparisons dem-
onstrated markedly smaller effects, likely due to practice
effects with repeated administration. Indeed, an analysis
conducted comparing single assessment with serial assess-
ment revealed effect sizes more than double associated with
the former. While comparing a player to his or her own
baseline performance is preferable to reduce extraneous vari-
ability not attributable to the concussion, effect-size esti-
mates based on repeated administrations likely represent an
underestimate of sports-concussion effects due to practice
effects. Practice effects in between-subjects designs obvi-
ously occur for both concussed participants and control sub-
jects across time. The effect sizes determined in these studies
cannot be attributed to practice effects but rather to group
differences. Obviously the same practice effect confound
exists for those 33% of studies that utilized control groups
at baseline but did not retest them despite retesting con-
cussed athletes. The effects of practice on neuropsycholog-
ical outcome tend to vary by cognitive domain and the use
of alternative forms (Wilson et al., 2000) but these issues
were not investigated here due to limited sample size.

Beyond practice effects, it is also possible that test–retest
studies generally had smaller effect sizes because injured
athletes were somehow different than control participants
premorbidly. Indeed, McCrea et al. (2003) reported lower
scores on Trails B among concussed athletes prior to the
incident concussion. In addition, the likelihood of sustain-
ing a concussion is increased in those athletes who have
previously sustained a concussion (Guskiewicz et al., 2003)
and a history of previous concussion is related to poorer
performance on baseline neuropsychological testing (Col-

Table 5. Effect sizes for eight cognitive domains for the exposure studies

Number of
studies (k)

n
Controls

n
Exposed
athletes d 95% CI Q

Attention 8 166 245 .31* .12–.51 60.7*
Executive functions 6 125 176 .54* .31–.77 33.4*
Memory acquisition 6 96 164 .22 2.02–.47 89.4*
Delayed memory 6 96 164 .47* .22–.72 124.9*
Language 2 44 35 .57* .11–1.02 3.1
Visuospatial 4 76 135 2.16 2.43–.12 12.2*
Fine Motor 4 92 96 .37* .08–.66 15.8*
Global cognitive ability 6 121 188 .42* .19–.64 425.5*

Note. Values in columns represent average effect sizes (d). Values in parentheses represent the number
of studies on which the average effect size is based (k). (n) represents sample size. Q is a statistic
representing the degree of homogeneity across study effect sizes. * indicates significant at p , .05.
Positive effect sizes (d ) reflect better scores by control group.
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lins et al., 1999). Again, these findings suggest that studies
making comparisons between concussed and nonconcussed
groups should match participants on baseline performance
and prior head injury.

Despite reports in the literature that computerized mea-
sures may be superior to or more sensitive than more tradi-
tional paper-and-pencil measures (e.g., for the measurement
of reaction time) (Schatz & Zillmer, 2003), the overall effect
size associated with computer assessment was comparable
to the overall effect size associated with more traditional
measures. This finding suggests that at present there is no
evidence that computerized assessment is more sensitive
than traditional measures, at least with regard to overall
effects across time. As there were so few studies examining
this issue at varied time points, further analysis was not
possible.

Prior head injury appears to be associated with greater
cognitive sequelae. Studies that specifically mentioned the
exclusion of such athletes, either in terms of recent or remote
prior head injuries, had a much smaller effect size (d5 .11)
than those that did not exclude such athletes (d5 .74). As
only seven studies mentioned such exclusionary criteria, it
is likely that most studies in this area of research represent
an overestimate of the effects of acute concussion. Based
on seven studies, it would seem that prior head injury is
significantly associated with much poorer outcome, at least
for the postacute time frames represented in the included
studies. It is not known whether these differences are
enduring.

Indeed, results of the exposure studies corroborate this
finding in that participation in sports which involve contact
with the head (i.e., soccer heading and boxing) has a small
but significant adverse impact on neuropsychological func-
tioning (d 5 .31) overall. However, as these studies were
quite variable in terms of participant selection (e.g., length
of sport participation, number of previous head injuries,
etc.), further research is necessary to clarify these findings.
Correlational studies suggested a dose–response relation-
ship (d5 .71) such that longer participation in boxing and
soccer is associated with poorer neuropsychological status.
Caution is required here, however, as only four such studies
were included in the analysis and their effects should not be
directly compared with other effect sizes reported in this
paper, as there is an inflation of effect size associated with
correlational designs (Dunlap et al., 1996). Finally, while it
may be questionable to combine soccer and boxing, studies
were too few to break these effects down further. Interest-
ingly, the effect sizes associated with soccer were generally
greater than those associated with boxing. Again, however,
the heterogeneity of these studies precludes further analy-
sis or interpretation.

As expected, inspection of Tables 3 and 5 demonstrates
that the effect sizes associated with exposure relative to
acute concussion are generally smaller. Notable exceptions
are the attention domain and particularly the executive func-
tions domain. It is noteworthy that executive functions were
not impaired in those studies examining acute concussion

but represented one of the largest effect sizes in the expo-
sure analyses. One possible explanation is that a different
set of tests were utilized. Specifically, the exposure studies
relied more heavily upon fluency measures (both verbal
and nonverbal) and novel problem-solving measures,
whereas only one concussion study used a single measure
of verbal fluency. Indeed, in a meta-analysis conducted in
the MTBI population at large (Belanger et al., 2005), flu-
ency measures represented the largest overall effect size
collapsed across time-since-injury. Another potential expla-
nation is that athletes who head the ball more frequently are
premorbidly less inhibited and therefore premorbidly at a
disadvantage on measures of executive function.

There are several limitations to this study, some of which
are inherent to conducting a meta-analysis. Severity of injury
was inconsistently reported and defined in the examined
studies. Differential criteria for establishing concussion were
averaged in this analysis. Previous research has demon-
strated the importance of stringency in defining concus-
sion, as well as the importance of demographic variables
(Dikmen et al., 2001), neither of which was investigated in
this meta-analysis due to the small number of studies. Exam-
ining the effect of concussion across many cognitive domains
and across potential moderators necessarily entailed a
small number of studies in some cells. So, for example, the
effect sizes of concussion on delayed memory using self-
comparisons (d 5 .09) or control group comparisons (d 5
.41) beyond 7 days comes from three studies in each case.
Clearly, more studies in these domains are necessary. Other,
more frequently investigated domains (e.g., attention) prob-
ably reflect more stable findings. In addition, the ubiqui-
tous nature of practice effects in this literature, even to a
small extent in studies using control groups, renders the
effect sizes estimated in these analyses likely to be an under-
estimate of the true overall effect size associated with sports-
related concussion. Furthermore, among the studies included
in the analysis, few had information on all of the ability
domains targeted. Domains themselves were created accord-
ing to the typical grouping seen in the neuropsychological
literature rather than empirically. Finally, many Q values
were still significant even after moderator analyses. Those
that were not significant were based on only 1–3 studies. As
Q is susceptible to artificial variance inflation when the
number of studies is large (Schmidt & Hunter, 2003), it is
difficult to know whether nonsignificant Q values were due
to few studies, and in turn if the significant Q values were
due to a larger number of studies. Also, as we were unable
to control for potential artifacts (e.g., reliability of the neuro-
psychological measures), an inflation of Type I error is likely
(Schmidt & Hunter, 2003). Therefore, there remain impor-
tant as-yet-unidentified moderators.

Despite these limitations, this meta-analysis provides com-
pelling evidence that sports-related concussion has no sig-
nificant effect on neuropsychological function by 7–10 days
days postinjury in the athletic population at large. Nonethe-
less, long-term participation in sports involving head con-
tact (i.e., boxing and soccer) may be associated with small,
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adverse sequelae. Further research is necessary to clarify
these findings in certain, less-studied cognitive domains
(e.g., motor functioning, language, etc.), to ascertain the
extent to which neuropsychological evaluation contributes
above and beyond symptom complaints to clinical out-
comes and decision making, and to determine the testing
battery and schedule that optimizes clinical information while
simultaneously minimizing practice effect confounds.
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