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CHAPTER 5 
 

Neurocognitive performance of 425 top-level 
football players: sport-specific norm values 

and implications 
 

Annika Prien, Astrid Junge, Peter Brugger, Dominik Straumann, Nina 
Feddermann-Demont. Adapted from Arch Clin Neuropsychol 2019; 

34(4):575-584. Doi: 10.1007/s40279-017-0854-4 
 

∞ 
 

Abstract 
 

Objective: Concussion diagnosis 
and management in sports largely re-
lies on neurocognitive testing. In the 
absence of baseline assessment, only 
norm values of the general popula-
tion are available for comparison 
with scores of concussed athletes. 
To evaluate whether (elite) sport 
specific norm values are needed, 
cognitive performance was com-
pared between top-level football 
players and the general population. 
Methods: Cognitive performance 
of 425 top-level football players was 
evaluated using the computerised 
test battery CNS Vital Signs. Players 
were split into two age groups (15-19 
and 20-29 years) and test results were 
compared with the norm (n=268) by 
means of age-standardised scores 
using Cohen’s d effect size statistics. 

Results: The younger age group 
outperformed the norm sample in all 
domains, with small to moderate ef-
fects on tests of processing speed 
(d=0.58, 95%CI=0.31,0.85), cogni-
tive flexibility (d=0.27, 95% 
CI=0.01,0.53) and psychomotor 
speed (d=0.97, 95%CI=0.69,1.24). 
In the older age group, no differ-
ences were found on four out of six 
domains; a moderate positive effect 
was found for psychomotor speed 
(d=0.74, 95%CI=0.54,0.93), a small 
negative effect for reaction time      
(d= -0.47, 95%CI=-0.66,-0.28). 
Relative to the norm, older football 
players scored lower than younger 
football players on all test domains. 
Conclusion: Cognitive perfor-
mance of elite football players may 
be different from the general popu-
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lation. It is recommended to use 
football-specific norm scores for 
comparison with test results of con-
cussed players, and to choose an ad-
equate control group when investi-

gating effects of contact sport on 
cognition. Studies with older/retired 
football players are needed to further 
analyse potential sport-specific age 
effects. 

 
 

Introduction 
 

Currently, there is no stand-alone test or tool to objectively diagnose a 
concussion.1 Therefore, diagnosis mostly relies on a combination of self-
reported symptoms, clinical assessment and neurocognitive tests.2 In the 
sports context, NCTs have long been considered the cornerstone of 
concussion diagnosis and management, particularly regarding return to play 
decisions.3 Increasingly, computerized neurocognitive test batteries (CNTs) 
are favoured over the traditional paper and pencil versions due to ease of 
administration and interpretation.4 5 However, concerns have been raised 
regarding the clinical utility of CNTs, due to poor administration practices,6 
lack of manufacturer-independent research7 and their psychometric quality 
not meeting the desired standards for clinical decision-making.8 9 To date 
there is no clear recommendation on which CNT is most suitable for 
concussion management since studies comparing psychometric properties 
found variable results among all reviewed test batteries.10-14 It should be 
noted, however, that psychometric limitations in the context of sport 
concussion are also present in traditional NCTs,15 which emphasises the 
need to evaluate NCT results in conjunction with other modalities.2 

To interpret post-concussion test results, two approaches are currently 
discussed: the baseline method and the normative method.16 17 While 
comparing a concussed athletes’ test results to pre-injury baseline data is 
considered to be the more sensitive method,18 19 both methods seem to have 
high specificity and overall correct classification rates when choosing an 
adequate norm sample.17 20 Since baseline assessment can be expensive and 
logistically challenging, its utility is controversial and its implementation 
sometimes not feasible.16 In the absence of baseline data, age-standardize 
scores (SS) relative to a normative sample are usually calculated. Norm 
values are often based on data of the general population, particularly when 
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the CNT has not yet been researched extensively in the sports environment, 
such as CNS Vital Signs (CNSVS). Yet, norm values of the general 
population may not be applicable to elite athletes due to sport-specific 
effects on cognitive performance.21-24 Thus, in the absence of baseline data, 
interpretability of SS may be limited in this population. 

Both beneficial and adverse effects of (contact) sports participation on 
cognition have been postulated.22 23 In a systematic review, Voss, et al. 25 
found that elite athletes perform significantly better than control persons on 
measures of processing speed and various attentional tasks. Several studies 
with elite and sub-elite soccer players further report a positive relationship 
between level of expertise and general executive functions.26-28 In the last 
decade, however, there has also been concern regarding the potential 
negative consequences of head injuries on cognitive function in contact 
sport athletes.29-31 Further, it has been suggested that repeat subconcussive 
head impacts, as experienced during heading in football, may lead to 
neuronal damage similar to that of repetitive concussions.32-34 With several 
studies supporting these considerations, public concern regarding the short- 
and long-term adverse effect of football play on cognitive function has 
grown.35 Given the popularity of the sport, this concern may have far-
reaching implications for sports participation and emphasises the need to 
clarify the ongoing debate. 

Some of the earliest work in this research area was conducted by Matser 
and colleagues,36-38 who found a negative association between 
neurocognitive performance and number of previously incurred 
concussions in football players. Several subsequent studies with active and 
retired football players yielded inconclusive results.32 39-41 An investigation 
with female university level players suggested that functions related to 
cognitive processing speed may still be impaired six months after 
concussion.39 Yet, in a prospective five-year follow-up study with a sample 
of young elite male football players no significant neurological, structural 
brain imaging or neuropsychological changes were found as a function of 
football exposure.40 In a recent systematic review, a majority of studies 
reported an association between football play and neurocognitive 
impairment, with memory, attention and executive functions affected most 
frequently. No clear evidence for heading-related persistent impairment of 
cognitive function was found.24 
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These results need to be interpreted carefully due to several 
methodologic shortcomings. These are, amongst others, small and 
heterogeneous samples that often limit the generalizability of results and 
ability (statistical power) to detect small effects.24 Further, there is a lack of 
consideration regarding the aforementioned positive effects of elite sport on 
cognitive function, and thus, inadequate control groups are used. Assuming 
that neurocognitive test performance in healthy elite athletes differs 
systematically from the general population, the latter are not a suitable 
comparison group to detect contact sport-specific adverse effects. 
Therefore, the aim of the present study was to compare cognitive 
performance between a representative group of elite football players and the 
general population to (a) inform the debate around potential effects of 
(sub)concussive head impacts and (b) analyse whether elite football specific 
norm values for CNTs are needed. Further, the effect of several player 
characteristics on cognitive performance was assessed to (c) evaluate the 
suitability of the collected data to serve as norm values for post-concussion 
football players. 

 
 

Methods 
 

The study was approved by the Ethical Review Board of the Kanton 
Zurich, Switzerland (2017-01921). All football teams of the highest-level 
men’s and women’s leagues in Switzerland (Swiss Super League, 
Nationalliga A) and four teams of the highest-level male U21 league (under 
21 years of age) were invited to take part in the study. After providing 
informed consent, the participating players completed a questionnaire and a 
computerised neuropsychological test battery as part of their baseline 
examination. Testing took place before the start or at the beginning of the 
2013/2014 season and was carried out in the participants’ native language 
(German, n=319; French, n=49; English, n=12; Other, n=45). The 
inclusion criteria for the present study were age 15-29 years, and completion 
of the CNT. The exclusion criteria were current concussion and invalid 
scores (IS) on more than 3 subtests.42 While no participants were excluded 
due to IS, 27 single test results from 21 participants were excluded based on 
the validity indicator (1 IS, n=16; 2 IS, n=4; 3 IS, n=1). 
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The questionnaire assessed relevant player characteristics such as age, sex, 
level of play and playing position as well as match exposure and head injury 
in the previous 12 months. Cognitive performance was evaluated using the 
computerised test battery CNS Vital Signs (CNSVS).43 The core test battery 
is comprised of seven well-established neuropsychological tests, which 
generate 11 domain scores. Next to raw domain scores, the programme also 
reports age-group standardised domain scores (SS) based on a normative 
sample from the US-American general population. In the relevant age group 
(15-29 years), the sample is comprised of 268 healthy subjects without 
previous head injury or past neurological disorders (C. Fitzgerald, personal 
communication, January 11, 2018). The SS are standardised to a mean of 
100 and a standard deviation (SD) of 15. Scores above 109 indicate high 
functioning; between 90-109, normal function; between 80-89, a slight 
deficit; between 70-79, a moderate level of deficit; and below 70 a severe 
level of deficit.44 

Limited research is available on the psychometric properties of the test 
battery and variable results were reported. While Gualtieri and Johnson43 
found test-retest reliability and concurrent validity of CNSVS to be 
comparable to traditional paper and pencil tests, other studies report at best 
moderate correlations (r=0.28-0.58).10 45 There is evidence that CNSVS is 
sensitive to malingerers46 and able to discriminate between healthy subjects 
and patients with various psychological or neurological disorders.47 Further, 
CNSVS is well established for measurement of subtle cognitive deficits in 
neurodegenerative diseases.48 49 However, findings regarding the test’s 
discriminant validity for concussion diagnosis are inconsistent. While one 
study that compared CNSVS performance of concussed and healthy 
subjects did not find significant group differences50 another study 
demonstrated adequate sensitivity of CNSVS for mild and severe brain 
injury.51 Since CNSVS is one of the core CNTs recommended for the 
assessment of sport-related concussion,3 more independent research is 
needed to determine the psychometric properties and clinical utility of the 
test battery in this context. 

To assess research questions (a) and (b), the football player sample was 
split into two age groups, 15-19 and 20-29 years, analogous to the 
classification of the US norm sample (n=268). Football players were 
compared with the norm by means of the reported SS. However, some of 
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the domain scores are based on a very similar set of tests scores. Therefore, 
and to minimise type 1 error, only six domains were considered in our 
comparison with the general population (table 1).52 To assess research 
question (c), the effects of player characteristics that may moderate cognitive 
performance on all eleven domain scores were analysed (sex, match 
exposure, head injuries). As a result, means and SDs split by age group and 
sex were calculated to serve as football specific CNSVS norm values. 
Application examples for clinical practice are provided. 

 
Table 1. Description and calculation of domain scores for CNS Vital Signs 

Domain Test Domain Calculation Domain Description 

Composite 
Memory 

VBM, 
VIM 

VBM Correct Hits and 
Passes Immediate + 
Delay + VIM Correct 
His and Passes 
Immediate + Delay 

Ability to remember (recognize 
and retrieve) words and 
geometric figures. 

Psychomotor 
Speed 

FTT, 
SCD 

FTT Total Taps Average 
+ SDC Correct 
Responses 

Ability to perceive, attend and 
respond to complex visual-
perceptual information and 
perform simple fine motor tasks. 

Reaction  
Time ST 

(ST Complex Reaction 
Time Correct + ST 
Reaction Time 
Correct)/2 

Speed of reaction to a simple and 
increasingly complex set of 
directions. 

Complex 
Attention 

CPT, 
SAT, 
ST 

ST Errors + SAT Errors 
+ CPT Errors 

Ability to track and respond to a 
variety of stimuli over lengthy 
periods of time and/or perform 
complex mental tasks requiring 
vigilance quickly and accurately.  

Cognitive 
Flexibility 

SAT, 
ST 

SAT Correct Responses - 
SAT Errors – ST Errors 

Ability to adapt to a rapidly 
changing and increasingly 
complex set of directions and/or 
to manipulate the information.  

Processing 
Speed SDC SDC Correct Responses - 

SDC Errors 

Ability to recognize and process 
information i.e., perceiving/ 
responding to incoming 
information, motor speed, fine 
motor coordination, visual-
perceptual ability. 

Note. CPT, Continuous Performance Test; FTT, Finger Tapping Test; SAT, Shifting 
Attention Test; SDC, Symbol Digit Coding Test; ST, Stroop Test; VBM, Verbal Memory Test; 
VIM, Visual Memory Test. 
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All data were processed with SPSS (V.24, IBM) and Excel (Microsoft 
Office 2016). Descriptive statistics applied were means with SDs and 
frequencies with percentage. Cohen’s d effect sizes and 95% confidence 
intervals (95% CI) were calculated to ascertain the magnitude and 
significance of any group differences between football players subgroups 
and the norm sample. Effect sizes <0.20 were considered trivial, between 
0.20–0.59, small; between 0.60–1.19, moderate and ≥1.20, large.53 Mann-
Whitney U and Kruskal-Wallis H tests were used to analyse the effect of 
player characteristics on test performance. Significance was accepted at 
p<0.05. 
 
 

Results 
 

A total of 425 players, 251 (59%) males and 174 (41%) females, were 
included in the study. This comprises 173 players from nine of the ten first 
league men’s teams, 174 players from all ten first league women’s teams and 
78 players from four U21 men’s teams. In the previous year, participants 
played 35 (SD=15) matches on average, and 49 (12%) players reported a 
head injury. Positions were distributed as follows: midfielder (n=158, 
37.2%), defender (n=130, 31.9%), attacker (n=59, 13.9%), goalkeeper 
(n=40, 9.4%), multiple (n=21, 4.9%). There were age inherent differences 
among football player subgroups with regard to league and match exposure 
(table 2). Further, there was a higher representation of female players in the 
younger age group, but prevalence of playing positions and head injuries was 
similar.  
 
Cognitive performance in football players compared to norm values 

When comparing football players aged 15-19 years with the age-group 
matched US norm values, no relevant group differences were found in the 
domains memory, reaction time and complex attention (figure 1). Small 
positive effects were found on tests of processing speed (d = 0.58, 95% CI 
= 0.31, 0.85) and cognitive flexibility (d = 0.27, 95% CI = 0.01, 0.53). A 
moderate positive effect was observed in the psychomotor speed domain 
(d= 0.97, 95% CI = 0.69, 1.24).  
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Table 2. Characteristics of Swiss elite football players and the US norm sample by age group. 

Sample 15-19 yrs. 20-29 yrs. 
Sample size (n)  
Swiss elite football players 
US norm sample 

 
166 
84 

 
259 
184 

Age, mean (SD) 
Swiss elite football players 
US norm sample 

17.9 (1.0) 
17.0 (1.4) 

23.6 (2.8) 
24.0 (3.0) 

Swiss elite football playersa 15-19 yrs. 20-29 yrs. 
Sex 
Male 
Female 

n (%) 
85 (51.2) 
81 (48.8) 

n (%) 
166 (64.1) 
93 (35.9) 

League 
First league  
U21 

n (%) 
100 (60.2) 
66 (39.8) 

n (%) 
247 (95.4) 
12 (4.6) 

Match exposure in last year 
≥ 45 matches 
25-44 matches 
≤ 24 matches 
Missing 

n (%) 
29 (17.5) 
78 (47.0) 
53 (31.1) 
6 (3.6) 

n (%) 
73 (28.2) 
128 (49.4) 
33 (12.7) 
25 (9.7) 

Head injuries in last year 
No 
Yes 
Missing 

n (%) 
144 (86.7) 
19 (11.4) 
3 (1.8) 

n (%) 
216 (83.4) 
30 (11.6) 
13 (5.0) 

Playing Position 
Defender 
Midfielder 
Attacker  
Goalkeeper 
Multiple 
Missing 

n (%) 
55 (33.1) 
59 (35.5) 
25 (15.1) 
15 (9.0) 
9 (5.4) 
3 (1.8) 

n (%) 
75 (29.0) 
99 (38.2) 
34 (13.1) 
25 (9.7) 
12 (4.6) 
14 (5.4) 

Note. SD, Standard deviation; afurther information on US sample not available. 
 

When comparing football players aged 20-29 years with the age-group 
matched US norm values, no relevant group differences were found for the 
domains memory, attention, cognitive flexibility and processing speed. A 
moderate positive effect was found on tests of psychomotor speed (d = 0.74, 
95% CI = 0.54, 0.93) and a small negative effect was found on reaction time 
(d = -0.47, 95% CI = -0.66, -0.28). 

When comparing the standardised scores of the football player subgroups, 
the younger age group scored higher relative to the US norm than the older 
age group in all six domains. However, group differences on tests of 
memory, complex attention and cognitive flexibility were considered trivial 
(d < 0.2). Small effects were found in the domains psychomotor speed            
(d = 0.24, 95% CI = 0.05, 0.44,), reaction time (d = 0.52, 95% CI = 0.32, 
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0.72) and processing speed (d = 0.49, 95% CI = 0.29, 0.69). These age effects 
persist when stratifying the football player sample by sex. 
 

 

Figure 1. CNS Vital Signs in elite football players and the general population. 
 
Elite football specific normative scores for CNS Vital Signs 

Mann-Whitney U and Kruskal-Wallis H tests were run to assess if player 
characteristics (sex, match exposure, head injuries) may moderate 
neurocognitive test performance. In both age groups, females had 
significantly higher processing speed scores (15-19, U=2644, z=-2.58, 
p>0.01; 20-29, U=5236, z=-4.30, p>0.01), while males had significantly 
higher motor speed scores (15-19, U=2751, z=-2.23, p>0.05; 20-29, 
U=6210, z=-2.61, p>0.01). Additionally, in the younger age group females 
showed better memory performance than males, particularly on tests of 
verbal memory (composite memory, U=2400, z=-3.27, p>0.01; verbal 
memory, U=2271, z=-3.70, p>0.01). Consequently, football player specific 
norm values for CNSVS were reported separately for both sexes (table 3). 
All other variables did not reveal any significant differences, and thus, were 
not considered further. 
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Table 3. CNS Vital Signs raw domain score norm values for elite football players. 

 15-19 yrs. 20-29 yrs. 
 Male Female All Male Female All 
N 85 81 166 166 93 259 
Age, mean (SD) 18.0 (0.85) 17.8 (1.09) 17.9 (0.98) 23.8 (2.87) 23.0 (2.57) 23.6 (2.79) 
 M SD M SD M SD M SD M SD M SD 
Composite Memory 98.5 7.2 102.6 6.9 100.5 7.3 99.5 7.8 100.6 7.0 100.2 7.5 
Psychomotor speed 199.4 21.9 198.6 19.2 199.0 20.6 200.0 20.9 202.0 17.0 200.7 19.6 
Reaction timea 631.5 73.7 621.8 65.8 626.8 69.9 641.0 83.5 622.6 56.7 634.3 75.3 
Complex attentiona 8.7 4.9 7.6 3.7 8.1 4.4 6.4 4.5 6.0 4.2 6.3 4.4 
Cognitive flexibility 48.5 10.9 49.5 8.6 49.0 9.8 50.2 10.8 51.9 9.1 50.8 10.3 
Processing speed 65.5 12.3 69.9 12.1 67.6 12.4 63.7 12.6 70.6 11.1 66.2 12.5 
Executive function 50.6 10.6 51.3 8.5 51.0 9.6 51.7 10.6 53.4 8.9 52.3 10.0 
Verbal memory 52.4 4.2 54.8 3.6 53.6 4.1 52.8 4.6 53.7 3.7 53.2 4.3 
Visual memory 46.0 4.8 47.7 4.6 46.9 4.7 46.7 4.8 46.9 5.0 46.8 4.8 
Simple attention 38.8 1.9 39.2 1.0 39.0 1.5 39.3 1.1 39.4 1.3 39.3 1.2 
Motor speed 132.4 16.0 126.8 13.4 129.7 15.0 135.1 14.9 129.8 13.5 133.2 14.6 
Note. M, mean; SD, Standard Deviation; a lower values indicate better performance. 
 

In clinical practice, the individual domain scores of an athlete may be 
standardised to the norm values presented in table 3 and can then be 
interpreted in the same way as the standardised scores provided by the CNS 
Vital Signs report (figure 2). In case of serial post-concussion test 
administration, other psychometric methods such as reliable change 
indices54 55 or regression-based methods56 should be used to account for 
practice effects. 

 
Examples 

(1) Consider a 25-year-old, male athlete; composite memory raw domain score: 94 

a. Calculate SS: !! = #×%&' ( ∗ 15 + 100 = #./%...12.3 ( ∗ 15 + 100 = 	89 

b. Interpret SS: The composite memory SS of 89 indicates a slight deficit. 
 
(2) Consider a 17-year-old, female athlete; reaction timea raw domain score: 586 

a. Calculate SS: !! = 7×%&' 7 ∗ 15 + 100 = 7138%89:.381.3 7 ∗ 15 + 100 = 	108 

b. Interpret SS: The reaction time SS of 108 indicates normal functioning. 

x   = raw domain score; µ   = mean norm score; s   = standard deviation of norm score 
SS = standard score; a, lower raw score are better in this domain; use of absolute z-value. 

Figure 2. Example calculations for application of the presented norms in clinical practice.  
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Discussion 
 

The aim of the present study was to compare computer-assessed 
cognitive performance between top-level football players and the general 
population in order to evaluate whether football specific norm values are 
needed. Our analysis identified a distinct performance profile on tests of 
general cognitive function in elite football players. Most notably, football 
players excelled on tests involving motor speed tasks, such as the finger 
tapping test. Players aged 15-19 years performed better than the norm in all 
six test domains, with psychomotor speed, cognitive flexibility and 
processing speed rendering small to moderate effect sizes. This is in line with 
the literature suggesting sport-context-specific21 and general cognitive 
enhancements through sports participation.25 Particularly, processes related 
to executive functions seem to be positively associated with expertise in 
soccer players.26-28 In an investigation with youth soccer players aged 13-17, 
elite players were reported to achieve better scores than sub-elite players on 
tests of ‘higher-level’ executive functions such as cognitive flexibility and 
inhibitory control.57 It has been hypothesised that these positive outcomes 
are due to the combined effects of physical training and cognitive 
stimulation provided by the sporting environment.58 Of course, self-
selection effects cannot be ruled out given that thus far conclusions on the 
relationship between sport and cognition are often based on cross-sectional 
studies. 

Interestingly, when comparing the older age group of football players to 
the US norm sample, no positive effect could be detected with exception of 
the psychomotor speed domain. Moreover, compared to the norm-
standardised scores of the younger football players, the older age group 
consistently fell behind in all domains. Thus, while overall 20-29-year-old 
football players did not differ from the general population, negative effects 
were observed in comparison to the younger football player sample. These 
results underline the importance of using an adequate control group in 
cross-sectional study designs. Potential adverse effects of contact sport 
could be masked by the fact that cognitive performance may be different in 
healthy elite athletes. Further, comparing both age groups, small to moderate 
negative effects were found particularly on tests of information processing 
speed. This is in line with a recent systematic review reporting that processes 
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underlying executive functions were affected most frequently in studies that 
found a negative association between elite football exposure/ repeat 
concussion and neurocognitive performance.24 Moreover, a neuroimaging 
study reports that impairments in executive function, memory and attention 
are correlated with lack of white matter integrity after mild traumatic brain 
injury.59 

With regard to potential moderators, head injury incidence was within 
the range of incidence rates reported in other studies with elite football 
players, albeit on the upper end.60 It is reasonable to assume that head 
injuries and match exposure in the previous year should be associated with 
performance on CNSVS. However, this was not the case in our sample, and 
the authors hypothesis that this is due to the chosen time frame for these 
variables. Long-term exposure to football/repeat head trauma may be more 
relevant than recent exposure/head trauma with regard to possible adverse 
effects on cognitive function.33 Due to the retrospective design, the present 
study did not lend itself to the assessment of lifetime incidence of head 
injuries or headers. Additionally, the sample of concussed players was small, 
thus lacking power to detect small to moderate effect sizes. Of all player 
characteristics, only sex showed an association with neurocognitive 
performance. However, statistically significant differences were found in 
only three out of eleven test domains, rendering the moderating effect of 
sex relatively minimal. This is in line with research suggesting that sex 
differences present in the general population, do not seem to generalize to 
elite athletes.61 

Several limitations of the study and alternate hypothesis for our findings 
need to be considered when interpreting the results. Particularly, socio-
demographic factors that could not be controlled, may have contributed to 
the reported effects. This includes language, sex and education-level 
differences, as well as the Flynn effect. CNSVS was translated by two 
independent translation agencies using the forward-backward method. 
However, the equivalence of the English version with other languages has 
not been researched, and thus, translation-related differences in test 
difficulty may confound the results. Further, groups were not matched by 
sex or education. While our stratified analysis did not reveal sex differences 
with regard to the results, education has been an important modifier in the 
literature on cognitive performance and should be taken into account in 
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future studies. Moreover, around two thirds of the reported US norm data 
has been collected before 2006, thus at least one decade before data 
collection for the present study took place. While the Flynn effect refers to 
the mean increase in population IQ scores over time,62 it has been shown to 
also apply more generally to NCTs.63 64 In a recent study52 significant 
differences on tests of psychomotor speed, processing speed and cognitive 
flexibility were found between a Dutch norm sample from 2016 and the 
CNSVS norms published in 2006.43 However, the reported effect sizes were 
much smaller than the ones found in the present study. Additionally, results 
regarding psychomotor speed need to be interpreted carefully as the finger 
tapping test is sensitive to differences in administration. Finally, only two 
age groups were analysed in this study, which limits generalizability of the 
observed age-related decline in cognitive performance of football players 
relative to the general population. 
 
Conclusion and directions for future research 

Strengths of the current study include the size and representativeness of 
the assessed sample. It can be assumed with a high level of certainty that the 
reported values reflect the actual mean cognitive performance in elite Swiss 
football players. Overall, the results of our study lend support to the 
hypothesis that cognitive performance in elite football players is different 
from the general population. Therefore, it is recommended to carry out 
baseline assessment or use the reported football-specific CNSVS norm 
scores for a more accurate evaluation of post-concussion test results, while 
bearing in mind that clinical-decisions are best informed using an 
interdisciplinary and multi-modal approach. Further, our findings emphasise 
the importance of choosing an adequate control group when investigating 
the contact-sport-cognition-relationship. When comparing elite athletes to 
the general population, potential adverse effects of contact sport may be 
masked. The present study lends initial support to this notion, with younger 
football players outperforming the norm in all test domains, while no effects 
were found in older football players in four out of six test domains. Since 
this study has several limitations and the reported effects may be explained 
by a number of confounders, our results need to be interpreted carefully. 
Future studies with older age groups are needed to investigate, whether the 
observed age-related decline in cognitive performance relative to the general 
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population continues in retired players. Research with representative 
samples of high-level athletes from other sports is warranted to test the 
generalizability of our results and further elucidate the relationship between 
sports participation and cognitive performance. Finally, more studies 
providing better norm values for computerized testing of concussed athletes 
are needed, as current norms are based almost exclusively on US-American 
samples. 
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