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Abstract 

Background  Previous studies based on death certificates have found professional soccer players were more likely to 
die with neurodegenerative diseases, including dementia. Therefore, this study aimed to investigate whether retired 
professional male soccer players would perform worse on cognitive tests and be more likely to self-report dementia 
diagnosis than general population control men.

Methods  A cross-sectional comparative study was conducted between August 2020 and October 2021 in the 
United Kingdom (UK). Professional soccer players were recruited through different soccer clubs in England, and 
general population control men were recruited from the East Midlands in the UK. We obtained self-reported postal 
questionnaire data on dementia and other neurodegenerative diseases, comorbidities and risk factors from 468 soc‑
cer players and 619 general population controls. Of these, 326 soccer players and 395 general population controls 
underwent telephone assessment for cognitive function.

Results  Retired soccer players were approximately twice as likely to score below established dementia screening cut-
off scores on the Hopkins Verbal Learning Test (OR 2.06, 95%CI 1.11–3.83) and Verbal Fluency (OR 1.78, 95% CI 1.18–
2.68), but not the Test Your Memory, modified Telephone Interview for Cognitive Status, and Instrumental Activities 
of Daily Living. Analyses were adjusted for age, education, hearing loss, body mass index, stroke, circulatory problems 
in the legs and concussion. While retired soccer players were younger, had fewer cardiovascular diseases and other 
morbidities and reported healthier lifestyles, 2.8% of retired soccer players reported medically diagnosed dementia 
and other neurodegenerative disease compared to 0.9% of controls (OR = 3.46, 95% CI 1.25–9.63) after adjustment for 
age and possible confounders.

Conclusions  UK male retired soccer players had a higher risk of performing below established cut-off scores of 
dementia screening tests and were more likely to self-report medically diagnosed dementia and neurodegenerative 
diseases, despite having better overall physical health and fewer dementia risk factors. Further study is needed to 
determine specific soccer-related risk factors.
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Key Points

•	 Retired UK professional male soccer players had 
poorer cognitive performance than general popula-
tion control men.

•	 Retired UK professional soccer players reported 
more dementia than general population control men.

•	 Further investigation is needed to identify specific 
risk factors associated with the increased risk in soc-
cer players.

Background
Playing contact sports, including amateur and profes-
sional soccer, has been associated with brain damage 
and neurodegenerative diseases, such as dementia and 
Parkinson’s disease [1–6]. Repetitive mild traumatic 
brain injury (mTBI) is suggested to promote chronic 
traumatic encephalopathy (CTE) and other demen-
tia pathology in sports [7–9]. A systematic review and 
meta-analysis found that TBI almost doubled the risk 
of dementia [10]. However, in most of these studies, 
soccer players were not well represented. A further 
systematic review with meta-analysis concluded that 
athletes in contact sports might have a higher risk of 
mortality from neurodegenerative disease than the gen-
eral population or athletes in non-contact sports [11]. 
The UK-based Football’s InfluencE on Lifelong health 
and Dementia risk (FIELD) study [12] examined medi-
cal health records of 7676 Scottish former professional 
soccer players and 23,028 matched controls from the 
general population. The study found that retired pro-
fessional soccer players had a 3.5-fold increased risk of 
neurodegenerative disease reported on their death cer-
tificate and were more likely to have been prescribed 
dementia-related medication in their lifetime [13, 14]. 
The results from the FIELD study were supported by 
another large data study in France [15], where French 
soccer players’ standard mortality rate (SMR) from 
unspecified dementia and Alzheimer’s disease was 3.38-
fold higher than that of national population controls.

Due to increased awareness and media interest, retired 
soccer players may be more likely to actively seek a medi-
cally confirmed dementia diagnosis [16]. Conversely, 
it could be posited that retired soccer players may be 
deterred from completing a questionnaire focused solely 
on dementia and cognitive impairment. Therefore, we 
developed a general questionnaire enquiring about self-
reported morbidity, including neurodegenerative and 
cardiovascular diseases and osteoarthritis, to address 
such potential selection bias. Furthermore, we used 

objective cognitive-based dementia screening tests in 
older retired soccer players and general population con-
trols to reduce recall bias. Cardiovascular disease and its 
risk factors, including older age, low education, hyperten-
sion, obesity, diabetes and depression, are associated with 
Alzheimer’s disease, the most common type of dementia 
[10, 17], and were, therefore, incorporated in our study. 
We hypothesized that retired professional male soc-
cer players would perform worse on dementia screen-
ing cognitive tests than general population control men 
independent of these established risk factors and would 
self-report a higher prevalence of neurodegenerative dis-
ease, including dementia.

Methods
We have fully described elsewhere the protocol for the 
Foot/ankle Osteoarthritis and Cognitive impairment in 
UK Soccer players (FOCUS) study [18]. The East Mid-
lands-Leicester Central Research Ethics Committee 
approved this cross-sectional comparative observation 
study (REC Ref: 19/EM/0354). Informed consent was 
obtained from participants before the study onset. Par-
ticipants were recruited from the previous study popu-
lation [19], in which retired male professional soccer 
players living throughout the UK and general population 
control men from the East Midlands were compared for 
the prevalence of knee osteoarthritis. The sample size 
was estimated according to a 6.4% prevalence of neuro-
degenerative disease in the general population [20] and 
the 3.5 times increased risk in soccer players from the 
recent FIELD study [12], whereby 250 per group would 
give 90% power with 5% type I error for this study [18].

Of 1207 male soccer player participants in our pre-
vious study [19], 878 indicated a willingness to be 
approached for further research. Of 1443 male control 
participants who attended the third-year follow-up of 
the previous prospective cohort study in the general 
population, 1060 indicated willingness to participate 
in further research. These participants were sent the 
FOCUS postal questionnaire between August 2020 and 
May 2021. Participants who completed the question-
naire were subsequently invited to a telephone-based 
assessment of their cognitive function, irrespective of 
any cognitive symptoms they might have (these assess-
ments were completed by October 2021). Due to the 
impact of the COVID-19 pandemic during the study 
timeframe, face-to-face assessments were not possible, 
so the original FOCUS protocol was adapted to allow 
for clinical assessment by telephone for all participants 
[18].
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The FOCUS postal survey included questions on 
general health and self-reported physician-diagnosed 
long-term conditions, including cardiovascular and neu-
rodegenerative disease (which was a composite of Alz-
heimer’s disease, Parkinson’s disease and other types 
of dementia) [16] and the Test Your Memory (TYM) 
[21] instrument to detect possible cognitive impair-
ment in participants through self-report. The TYM was 
developed and validated to allow self-report assessment 
of memory dysfunction, which is common in demen-
tia. Potential confounding variables for the association 
between screened dementia and playing professional 
soccer included self-reported age (in years), height and 
weight for body mass index (BMI), smoking history 
(never, past and current), alcohol use (2–3 units/day 
vs > 2–3 units/day according to the UK guidelines [22]), 
concussion (yes/no), head injury (yes/no), comorbidities 
(self-reported medically diagnosed long-term conditions 
yes/no), and socioeconomic status (SES) by postcode 
[23]. Concussion was defined as “a direct or indirect blow 
to the head, face, or neck causing impact to the brain, 
followed by a variety of symptoms that may include any 
of the following: headache, dizziness, loss of balance, 
blurred vision, “seeing stars”, feeling in a fog or slowed 
down, memory problems, poor concentration, and nau-
sea or throwing up”. Head injury was defined as a serious 
head injury/impact that needed medical care/hospitali-
zation. In addition, the survey included questions about 
general health, which, in part, was aimed at increasing 
the response rate and minimizing the impact of attention 
bias created by a single disease survey focused on neuro-
degenerative disease [18].

A cognitive screening assessment by telephone was 
administered to participants who indicated in their 
returned questionnaire their willingness to participate 
in this assessment. The screening included the modi-
fied Telephone Interview for Cognitive Status (TICS-M) 
[24, 25], Hopkins Verbal Learning Test (HVLT) [26, 27], 
Verbal Fluency Test (VFT) [28–30], and all eight areas of 
functioning of the Instrumental Activities of Daily Living 
(IADL) questionnaire [31]. The assessment also deter-
mined the participant’s level of education. The TICS-
M was originally developed and validated for dementia 
screening by telephone [26]. A cut-off of 21 was sug-
gested for optimal sensitivity and specificity for dementia 
[27]. The HVLT was initially developed for face-to-face 
auditory presentation of stimuli, with a cut-off for 15 
established as the most optimal for dementia screen-
ing [26, 32, 33]. The HVLT was considered appropriate 

for use by telephone [34], as was the VFT (cut-off of 20) 
[35] and IADL (cut-off of 16) [36]. We used the immedi-
ate total recall score (total of 3 trials of 12 words recalled) 
of the HVLT as this showed equal validity in demen-
tia screening to the delayed recall score [26], and this 
saved time. Hearing ability was tested by self-reporting 
(Do you have hearing loss?) and asking participants to 
repeat the sentence ‘No ifs buts or maybes’. If the last s 
was not pronounced or other words presented auditorily 
were not repeated in the tests, hearing loss was defined 
and adjusted for in the analysis as a potential confounder. 
To reduce inter-tester variability, testers were trained by 
one of the authors (EH), who has > 30  years’ experience 
in neuropsychological screening for dementia, to further 
ensure the reliability and validity of the tests. There were 
no systematic differences in cognitive test scores between 
testers.

Statistical Analysis
To compare retired soccer players with controls, Chi-
Square tests were employed for categorical data, and 
independent t-tests or Mann–Whitney U- tests for con-
tinuous data depending on the normality tests. Receiver 
Operating Curve (ROC) analyses were used to investigate 
whether self-reported dementia diagnoses were associ-
ated with previously established (see above) reference 
cut-off scores for dementia screening on the cognitive 
tests in this population. Logistic regression was used to 
calculate the odds ratio (OR) and 95% confidence interval 
(CI), where cognitive impairment, according to the refer-
ence cut-offs, was the dependent variable, whereas being 
a soccer player and other risk factors were independ-
ent variables. A stepwise forward approach was used 
to fit the model where being a soccer player or control 
was entered in step 1, age and education were entered 
in step 2, and potential confounding variables, which 
were significantly different between retired soccer play-
ers and controls. were entered stepwise forward in step 
3. Hearing loss (a risk factor for dementia [37, 38]) was 
also entered to control for the use of telephone-based 
cognitive screening tests, as this could have affected per-
formance. We also investigated self-reported neurode-
generative disease (Alzheimer’s or Parkinson’s disease 
and other types of dementia) using similar logistic regres-
sion analyses. Analyses were performed using SPSS 28.0 
with a p-value of 0.05, indicating significance. We fol-
lowed the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) to report this obser-
vational study [39].
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Results
Of 878 soccer players available for this study (source 
population), 468 completed questionnaires and 326 com-
pleted telephone assessments for cognitive function. Of 
1060 general population controls available for this study, 
619 completed questionnaires and 395 completed tel-
ephone assessments for cognitive function (Fig. 1). There 
were no differences in age, BMI and socioeconomic 
status (SES) among the source population, question-
naire sample and cognitive test sample in soccer players 
(“Appendix A”). Similarly, no differences were observed 
in controls for age and BMI between the source popu-
lation, questionnaire sample and cognitive test sample. 
However, a difference in SES was observed between the 
source population and the cognitive test sample, but not 
in other pair comparisons in controls (“Appendix B”).

Table 1 shows the participant characteristics and key 
self-reported survey data. Retired soccer players were, 
on average, four years younger than controls, had sig-
nificantly higher socioeconomic status (SES), and had 
higher mean BMI. In addition, retired soccer players 
more frequently reported lower limb peripheral vascu-
lar disease and stroke but not cerebrovascular diseases, 
such as transient ischemic attack (TIA). Cardiovas-
cular comorbidities and other risk factors for demen-
tia were found to occur more frequently in controls, 
including diabetes mellitus, hypertension, high choles-
terol levels, myocardial infarction, depression, hearing 
loss and current smoking. There were no differences 
in alcohol use between retired soccer players and con-
trols. Retired soccer players were significantly more 
likely to have experienced concussions and head inju-
ries than controls (Table 1). Of neurodegenerative dis-
eases, self-reported physician-diagnosed dementia and 
Alzheimer’s disease were significantly more common 
in retired soccer players than controls, but only con-
trols reported a few diagnoses of Parkinson’s disease. 
In addition, TYM scores were lower in retired soccer 
players, suggesting they were more likely to self-report 
memory problems.

Mean performance scores of TICS-M and HVLT did 
not differ significantly between retired soccer players 
and controls (Table 2). However, the mean performance 
scores of VFT and IADL were lower in retired soccer 
players. In addition, education but not SES was lower in 
retired soccer players.

ROC analyses demonstrated significant Area Under 
the Curves (AUC) for all cognitive tests against self-
reported dementia (p < 0.001), with an optimal cut-
off score of 20.5 (AUC = 0.90) for TICS-M, 14.5 
(AUC = 0.98) for HVLT, 19.5 (AUC = 0.89) for VFT, 
15.4 (AUC = 0.94) for IADL and 35.5 (AUC = 0.92) for 
TYM, respectively. These were all similar or identical 
to the previously established cut-off scores for these 
dementia screening cognitive tests [26, 27, 32, 33, 
35, 36]. Figure 2 demonstrates the prevalence of self-
reported dementia/Alzheimer’s, neurodegenerative 
disease and the cognitive test performance below the 
cut-offs.

Using the established dementia screening test cut-
off scores as an outcome measure in logistic regression 
analyses, an HVLT total recall score below that score 
indicative of dementia was found to be more likely in 
retired soccer players, independent of age, education 
and other potential confounding factors. Apart from 
age, no other variables were associated with low HVLT 
scores in this model. Performing below the VFT cut-off 

Fig. 1  Recruitment of retired professional soccer players and general 
population controls
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score was also associated with playing professional soc-
cer in the past, independent of age and education, as well 
as other potential confounding factors, such as having a 
higher BMI, having experienced a stroke, and reporting 
hearing loss, which all had independent contributions to 
dementia risk in this model (Table 3). Scoring below the 
IADL cut-off was associated with older age, having lower 
obtained education and circulatory problems in the legs, 
but not with having been a professional soccer player 
(Table 3).

Logistic regression analyses were also performed to 
predict medically diagnosed neurodegenerative disease 
risk in retired soccer players with adjustments for age and 
education in Model 1 and adjustments for other poten-
tial confounding factors reported to be higher in retired 
soccer players than controls (higher BMI, having expe-
rienced a concussion, having circulatory problems, and 

Table 1  Characteristics of ex-professional soccer players and general population (control group) participants

p ≤ 0.05 is defined as significant and marked in bold

BMI body mass index, TYM test your memory
* Two-sided testing
a Independent samples T-test
b Chi Square test
c Mann-Whitney U test

Soccer players (N = 468) General Population (N = 619) P value

Age (years), mean (SD) 63.7 (10.5) 68.4 (9.3) < .001c

Socioeconomic status, mean (SD) 7.5 (2.4) 6.6 (3.0) < .001c

BMI > 25, n/total (%) 341/459 (74.3) 373/585 (63.8) < .001b

Stroke, n (%) 19 (4.1) 14 (2.3) .09b

Transient Ischaemic Attack, n (%) 13 (2.8) 15 (2.4) .72b

Head injury, n/total n (%) 218/456 (47.8) 142/610 (23.3) < .001b

Concussion, n (%) 247/465 (53.1) 97/611 (15.9) < .001b

Hearing loss, n (%) 48 (10.3) 117 (18.9) < .001b

Diabetes mellitus, n (%) 14 (3.0) 67 (10.8) < .001b

Hypertension, n (%) 107 (22.9) 217 (35.1) < .001b

Myocardial infarction, n/total n (%) 14 (3) 35 (5.7) < .04b

Circulatory problems in legs, n (%) 50 (10.7) 39 (6.3) < .01b

High cholesterol, n (%) 84 (17.9) 147 (23.7) .02b

Current smokers, n/total n (%) 12/456 (2.6) 32/606 (5.3) < .001b

Drinks > 2–3/day, n (%) 31/146 (21.2) 58/255 (22.7) .73b

Depression, n (%) 35 (7.5) 71 (11.5) .03b

Dementia/Alzheimer’s, n(%) 13 (2.8) 2 (0.3) < .001b

Parkinson’s, n (%) 0 4 (0.6) .08b

Neurodegenerative disease, n (%) 13 (2.8) 6 (0.9) .02b

TYM, mean (SD) 37.4 (4.2) 38.9 (3.0) < .001c

Table 2  Telephone interview and cognitive tests

Level of education 3 = Secondary school (GCSE level), while 6 indicates Diploma 
level

Md Median, IQR Interquartile Range, SD Standard Deviation, TICS-M the modified 
telephone interview for cognitive status, HVLT Hopkins verbal learning test, IADL 
instrumental activities of daily living, VFT verbal fluency test
a Chi Square Test
b Independent Samples T-test
c Mann-Whitney U Test

Soccer 
players 
(N = 326)

General 
population 
(N = 395)

P value

Hearing affected n (%) 73 (29.4) 106 (26.7) .57a

Level of Education (Md, IQR) 3 (3) 6 (3) < .001b

Cognitive tests

 TICS-M, mean (SD) 26.2 (4.7) 26.3 (4.1) .57b

 VFT, mean (SD) 21.4 (5.8) 24.7 (6.7) < .001b

 HVLT, mean (SD) 22.4 (6.0) 22.1 (5.6) .53b

 IADL, mean (SD) 15.2 (2.1) 15.5 (1.2) .54b+c
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having a stroke) in Model 2. Education was removed from 
the final analyses as it was non-significant and resulted 
in a reduced number of respondents because it was only 
included during cognitive assessments by phone in the 
sub-group tested (Table 3). The results demonstrated that 
being a retired soccer player remained in the model as a 
significant and independent risk factor for neurodegen-
erative disease (OR = 3.46, 95% CI = 1.25–9.63, p = 0.02). 
Age also contributed independently to the risk for neu-
rodegenerative disease (OR = 1.18, 95% CI = 1.10–1.27, 

p < 0.001), but none of the other variables were entered 
in the model. Dementia risk was not analyzed separately- 
because there were only two self-reported dementia cases 
in controls- to avoid overestimation of the relative risk of 
dementia.

Discussion
This study compared objective cognitive impairment 
measurements indicative of dementia between retired 
male professional soccer players and general population 
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Fig. 2  Percentages of retired soccer players versus controls who self-reported a medical diagnosis of dementia/Alzheimer’s, neurodegenerative 
disease or cognitive impairment based on established cut-offs of cognitive tests.*P ≤ .05; **P ≤ .001

Table 3  Odds ratio of self-reported neurodegenerative disease diagnosis and cognitive impairment between soccer players and 
controls

Model 1. Adjusted by age and education

Model 2. Adjusted by age, education, Body Mass Index (BMI) cut-off of < 25, stroke, concussion, circulation problems, hearing loss (only for telephone assessment)

TYM test your memory, TICS-M the modified telephone interview for cognitive status, HVLT Hopkins verbal learning test, VFT Verbal fluency test, IADL instrumental 
activities of daily living

Outcomes Odds ratio (95% confidence interval)

Crude Model 1 Model 2

Neurodegenerative disease 2.92 (1.10, 7.74) 4.41 (1.63, 11.91) 3.46 (1.25, 9.63)

TYM (< 35.5) 1.87 (1.34, 2.60) 1.51 (0.95, 2.38) 1.55 (0.97, 2.46)

TICS-M (< 20.5) 1.49 (0.87, 2.57) 1.37 (0.73, 2.57) 1.41 (0.73, 2.73)

HVLT (< 14.5) 1.37 (0.84, 2.24) 1.64 (0.92, 2.93) 2.06 (1.11, 3.83)

VFT (< 19.5) 1.91 (1.37, 2.65) 1.84 (1.24, 2.72) 1.78 (1.18, 2.68)

IADL (< 15.5) 1.14 (0.81, 1.61) 1.42 (0.94, 2.14) 1.24 (0.81, 1.89)
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men. The key findings are that retired soccer players 
were more likely to perform below dementia cut-off 
scores on the more complex HVLT and VFT screening 
tests. In addition, the prevalence of self-reported neu-
rodegenerative disease, including dementia/Alzheimer’s 
disease diagnosis, was higher in retired soccer players 
than in controls. These results were independent of the 
major risk factors for dementia, including age, educa-
tion, and comorbidities.

Our results for the self-reported diagnosis of neuro-
degenerative disease are similar to those reported in 
Morales and colleagues’ systematic review with meta-
analyses [11] and the FIELD study of retired Scottish 
soccer players [7, 12] with a 3.5 increased risk for neu-
rodegenerative disease, including Alzheimer’s, dementia. 
However, no cases of Parkinson’s disease were reported 
among retired soccer players and only 4 cases reported in 
controls, that made a relevant comparison impossible for 
this subset. In addition, no cases of motor neuron disease 
were reported in both players and controls. Further study 
on this subset is still needed.

The FIELD study [12], which used community health 
index number registry data matched to soccer player’s 
databases, also found that Scottish professional soc-
cer players died earlier of neurodegenerative diseases 
compared with controls after controlling for age, player 
position, morbidity (e.g., stroke) and SES index using the 
Scottish index of multiple deprivations combining edu-
cation, postcode level data on income, health, housing 
access to local amenities and crime). We collected SES 
data through postcodes [23] for an index of multiple dep-
rivation scores and education separately at the individual 
level. We found that SES was higher, but education was 
lower in retired professional soccer players than in the 
general population control men. Worse socioeconomic 
deprivation is associated with poorer cognition, while 
higher education is associated with better cognition [40]. 
When we included these two variables in the model sepa-
rately for adjustment, we found that education remained 
significant (and was negatively associated with the cogni-
tive outcomes) along with age in the model, whereas SES 
became insignificant when age was included. Therefore, 
unlike the FIELD study, we used individuals’ education, 
rather than SES, as a potential confounding factor for 
adjustment. Despite the fact that retired soccer players 
were, on average, five years younger than controls, per-
formance on some dementia screening tests remained 
significantly lower when controlling for age and educa-
tion. Cognitive screening tests employed via telephone 
assessment in this study showed similar cut-off scores to 
those used when face-to-face testing in other validation 

studies [26, 27, 32, 33, 35, 36], further supporting the 
validity of our dementia screening test results. In the pre-
sent study, of these tests, only the more complex HVLT 
and VFT were more commonly scored significantly 
below the dementia impairment cut-off in retired soc-
cer players. The HVLT and VFT involve verbal recall and 
executive functions, which could be hypothesized to be 
affected more strongly by repeated mTBI or CTE expe-
rienced by heading the ball [41–43]. The other demen-
tia screening instruments, with more simple memory 
tests and questionnaires sensitive to dementia (TICS-M, 
IADL, TYM), were not different between retired soccer 
players and controls in controlled analyses adjusting for 
confounds, which requires further investigation.

Notably, the overall health of retired older soccer play-
ers was much better than that of controls in our study. 
This was in line with the FIELD study [12] and a more 
recent study in France [15], where all-cause mortality was 
lower in professional soccer players than in age-matched 
controls. This may reflect the healthier lifestyle and good 
fitness levels sustained post-retirement by the retired 
soccer players, who were less likely to have other long-
term conditions, such as cardiovascular diseases, diabe-
tes and cancer. Given the overall good health profile of 
the retired professional soccer players, the increased risk 
of cognitive impairment and dementia becomes more 
prominent and specific. Further studies on soccer-spe-
cific risk factors are needed.

There are several limitations to this study. Firstly, this 
is only a cross-sectional study which cannot establish a 
causal association between playing soccer and demen-
tia. Although we had controlled for common measurable 
confounding bias, a further cohort study is still required. 
Secondly, not all available participants underwent the 
telephone-based cognitive tests. This brings into ques-
tion the representativeness of the samples from both soc-
cer players and controls. Therefore we compared both in 
soccer players and controls, the available source popu-
lation, the questionnaire sample and the cognitive test 
sample (“Appendix A, Appendix B”). There were no dif-
ferences in age, BMI and SES among the three groups of 
soccer players, and only a slight difference was observed 
for SES in controls, specifically between the source 
population and cognitive test sample. This suggests that 
both the cognitive tests and self-reported outcomes are 
generally representative. Thirdly, like many other retro-
spective self-reported studies, potential recall bias can-
not be ruled out. We therefore collected more objective 
measures-cognitive performance tests—to minimize this 
bias. Fourthly, self-reported dementia is prone to mis-
classification bias. However, we undertook a validation 
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analysis against the cognitive performance tests. Similar 
cut-offs were obtained as recommended in other face-
to-face validation studies, suggesting that self-reported 
dementia was less likely to be biased due to recall issues 
in those with dementia. However, with the low average 
age of this sample, there was a very low number of peo-
ple who had self-reported physician-diagnosed dementia 
in both groups, with 97% of retired soccer players and 
99% of controls not reporting dementia. The overall self-
reported dementia prevalence in controls was lower for 
this age group than expected based on Office of National 
Statistics (ONS) data [43]. People with established 
dementia may be less likely, or unable to respond to the 
postal questionnaire, which could result in a lower preva-
lence of dementia in our responders. Such left censorship 
bias would be expected to affect both groups. Therefore, 
the prevalence of self-reported dementia may be under-
estimated, and caution must be taken when interpreting 
this outcome. Lastly, as mentioned it could be the case 
that because of increased media attention for this topic, 
professional football players with cognitive impairments 
would be more willing to enroll in the study as they might 

be interested and/or worried more. However, the post-
mortem confirmed data for dementia from earlier studies 
are in line with our increased risk outcomes, which sug-
gests that this is a less likely reason for our findings.

Conclusion
In conclusion, this study found that retired UK male 
professional soccer players were more likely to have self-
reported neurodegenerative disease, specifically demen-
tia, than general population control men. This result was 
adjusted for confounding factors and was supported by 
objectively measured cognitive function screening tests. 
Further study is recommended to confirm these results 
and to identify the specific risk factors related to the 
increased risk of dementia in professional soccer players.

Appendix

Appendix A
See Table 4.

Appendix B
See Table 5.

Table 4  Comparison among source population, questionnaire and cognitive test samples in soccer players

BMI body mass index, SES Socioeconomic Status, measured according to postcode

*AVOVA test

Source population Questionnaire sample Cognitive sample P-value*

No. participants 878 468 326 –

Age (years), mean (SD) 63.40 (11.35) 63.71 (10.47) 63.33 (10.00) .86

BMI (kg/m2), mean (SD) 27.34 (3.00) 27.22 (3.00) 27.12 (2.88) .49

SES, mean (SD) 7.41 (2.42) 7.50 (2.40) 7.62 (2.36) .45

Table 5  Comparison among source population, questionnaire and cognitive test samples in general population controls

BMI body mass index, SES Socioeconomic Status, measured according to postcode

*AVOVA test
# post-hoc paired test showed that the difference was only observed between source population and cognition tested group

Source Population Questionnaires completed Cognition tested P-value*

No. participants 1060 619 395 –

Age (years), mean (SD) 68.78 (9.53) 68.07 (10.27) 68.30 (8.91) .32

BMI (kg/m2), mean (SD) 27.19 (4.27) 26.80 (4.35) 26.94 (4.36) .19

SES, mean (SD) 6.31 (3.02) 6.59 (2.98) 6.81 (2.94) .02#
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