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Abstract

Objective: Since the observation of several deaths from amyotrophic lateral sclerosis (ALS)
among Italian professional soccer players, an association between ALS and soccer has been
postulated. The objective of the study is to investigate the association between professional
soccer and the risk of ALS in a large cohort of former professional soccer players with
prolonged follow-up.

Methods: All professional soccer players practicing in the period 1959-2000 were identified
through the archives of an Italian soccer cards publisher. For each player, date and place of birth,
playing role and team history were recorded. Each player was followed since 15 years of age.
Incident ALS cases were all soccer players first diagnosed during the period 1959-2018. The
expected incidence rate was the number of ALS cases/100,000 person-years expected in the

cohort. SIR was the ratio between observed and expected incidence rate.

Results: 34 ALS cases were detected. The number of expected cases was 17.8. The SIR was
1.91 (95% CI 1.32-2.67) in the entire sample and 4.66 (95% CI 2.66-7.57) in subjects aged less
than 45 years. The mean age at diagnosis was 45.0 years. Compared to the mean age of onset
of ALS in the general population (65.2 years), the disease in former soccer players occurred
20.2 years earlier.

Conclusions: Professional soccer players are at higher risk of developing ALS than the general

population. Soccer players with ALS develop the disease at a younger than expected age.



Introduction

Amyotrophic Lateral Sclerosis (ALS) is a rare neurodegenerative disease.! The etiology of ALS is
still unknown. A multifactorial origin is hypothesized resulting from the interplay between genetic
and environmental factors.?

Soccer has been implicated in the past as a risk factor for ALS. Among 24,000 soccer players active
from 1960 to 1996 in the three top leagues (A, B, C), eight cases who died with ALS were
identified; the expected number of deaths for ALS was 0.69.° A second study, investigating 7325
Italian professional soccer players active from 1970 to 2001 in the A and B leagues, identified 5
ALS cases vs 0.77 expected.* These findings were confirmed in an extended cohort study by the
same group (Chio et al, 2009). The affected players were younger than the ALS patients in the
general population. Those studies were performed using data from a legal investigation on the
possible association between substance abuse among soccer players. Recent published books
pointed out the attention to soccer players diagnosed with ALS in more recent years.>¢

No studies verified the incidence of ALS in former soccer players with a long follow up period. In
addition, published reports have been thought to be methodologically flawed due to incorrect
analysis of the data.” For these reasons, the relationship between ALS and soccer needed to be
further investigated. On this background, we carried out a new study with the aim to quantify the
risk of ALS in a wider well-structured cohort of former professional soccer players with longer

follow up.

Methods

We identified all male professional soccer players included in the three Italian professional soccer
leagues (A, First division, B, Second division, C, Third division) from September 1st 1959 (season
1959/1960) to June 30th 2000 (season 1999/2000). The inclusion of soccer players in the first,
second or third division depends only on their playing ability and is unrelated to the age or the

duration of the professional activity. To assemble the study cohort, we used the annual almanacs



published by the Panini Company, an Italian soccer cards publisher.® In the almanacs, each team is
depicted in a list showing all players’names along with playing role (goalkeeper, back, midfielder,
forward), and league. Date and place of birth of players were also recorded. Data related to each
single player were collected for the duration of the professional activity. A professional soccer
player was considered exposed when starting the activity by 15 years of age, as established by the
Union of Professional Football Players in Italy, because strenuous physical exercise generally starts
at a median age of 15 years.

All ALS cases were identified using different sources: 1. Google web site: we used several key
words in order to identify all soccer players affected by ALS: “Frontotemporal dementia”,
“Neurodegeneration”, “Neurodegenerative disease”, “Motor neuron disease and soccer”, “Motor
neuron disease and soccer players”. All words were spelled both in Italian and English language.
Using Google search, we checked 20 pages for each key word. The name and surname, date of
diagnosis of ALS, date of death, and number of news reporting the same information were
recorded; 2. Two published books related to ALS and soccer in Italian teams: “SLA. Il male oscuro
del pallone” and “Il morbo del pallone. Gehrig e le sue vittime” written by one of the authors.>¢
The author interviewed at least one family member for each soccer player with ALS in order to
collect detailed disease information; 3. A recent scientific report: “Amyotrophic Lateral Sclerosis
and soccer: an internet survey of 29 Italian players™®

The diagnosis was confirmed if the player’s and the disease name were present in at least two
unrelated sources. In addition, detailed medical records were collected for 18 cases.

Descriptive statistics were performed for the available demographical and exposure variables: year
of birth, year of start of professional activity (set at 15 years for all players), first playing role (role
played during the first season in one of the professional leagues), main playing role (role in which
the player spent the majority of seasons during the study period), and main league (league in which
the player spent the majority of seasons during the study period). All players who played for at least

one year in the Italian professional leagues (A, B and C) between 1959 and 2000 (from 1959/1960



to 1999/2000 playing season) were included in the exposed cohort. The cohort was followed
retrospectively from the start of exposure until December 31 2018. During this period, ALS cases
were identified, along with the year of death and the year of diagnosis, when available. The mean
disease duration (defined as time from diagnosis to death) in years was estimated among players for
whom both the year of diagnosis and the year of death were available. For players without the year
of diagnosis, this was set at the mean estimated number of years of disease duration (of ALS cases
as described above) prior to death. Incidence rates of ALS were calculated in the entire exposed
cohort and in different categories defined according to age (<45 years, 45-54 years, 55-64 years, 65-
74 years, 75+ years), year of start of professional activity (<1965, 1965-1974, 1975-1984, >1985),
main playing role, and main league. Since detailed data on mortality were not available, the total
amount of person-years at risk of developing ALS cumulated by the cohort was estimated using the
expected mortality in the general Italian male population (DEMO-ISTAT mortality data).!”
Mortality data in the general population (DEMO-ISTAT)® were available starting from the year
1975. For this reason, all players entering in the exposed cohort before the year 1975 were assumed
to be alive until this year (this assumption is adequate because the first player entered in the cohort
in the year 1937 was 53 years old in 1975). The total amount of person-years cumulated until 1975
was calculated as the sum of the number of years of follow-up of each player, from entry in the
cohort until the year 1975, and was partitioned by year of age. The total amount of person-years
cumulated from 1975 to 2018 was estimated partitioning the total number of players in the cohort
by year of age (from 15 to 53 years) in the year 1975, and then multiplying the number of players in
each age by the prospective probability of survival for an individual of that age (the probability that
a subject of age x would survive until the subsequent year, reaching age x+1), in order to obtain the
estimated number of players still alive in the subsequent year (1976) by age (from 16 to 54 years).
As all subjects who reached age 15 years in 1976 entered the cohort in that year, the number of
these subjects was added to the total amount of person-years cumulated during the year 1976,

which, at this point, resulted partitioned by age from 15 to 54 years. The process was iterated until



the year 2018, leading to the estimation of the expected total number of players by age in each year
from 1975 to 2018. The total number of person-years by age and year was then summed during the
44-year period in order to obtain the total amount of person-years by age cumulated by the cohort
during the entire study period. The expected incidence rate for ALS in the cohort of exposed
subjects was estimated using the incidence of ALS in males in the Lombardy region, Northern Italy,
during the years 1998-2002 as reference.!! Expected incidence rates by age categories (<45 years,
45-54 years, 55-64 years, 65-74 years, 75+ years) were applied to the total amount of person-years,
partitioned by age, cumulated by the cohort of soccer players, to obtain the expected number of
cases in each age category. The total expected incidence rate was then calculated as the sum of the
expected cases in each age category divided by the total amount of person-years cumulated by the
cohort. The observed number of cases (or, equivalently, the observed incidence rate) was then
compared to the expected number of cases (or, equivalently, the expected incidence rate)
calculating the standardized incidence ratio (SIR), with 95% confidence interval (95% CI). The SIR
is the ratio between observed and expected number of cases, or, equivalently, the ratio between
observed and expected incidence rate. The number of observed and expected cases, the observed
and expected incidence rates, and the SIR with 95% CI were calculated in the whole cohort and by
age, year of start of professional activity, main playing role, main league, and team. The total
person-years of a team is given by the sum of the person-years of each player who played for at
least 1 season in that team.

The mean estimated age at diagnosis (with standard deviation) was calculated among soccer players
who developed ALS during the study period, and compared to the mean age of diagnosis in the
general population with the t-test, using the mean age of diagnosis in Europe as reference.!?

The study did not receive any funding. As the data sources are publicly available, IRB/EC and

ethical approval were not required.



Data Availability Statement

Anonymized data will be shared by request from any qualified investigator.

Results

The total number of players included in the cohort was 23,586, who were followed for 1,001,318
person-years. A description of the cohort is given in Table 1. During the study period, 34 ALS cases
were identified. Table 2 depicts the total amount of person-years at risk of developing ALS
cumulated by the cohort during the study period, the number of observed and expected cases, the
observed and expected incidence rates, and the SIR with 95% CI, in the whole cohort and stratified
by age, year of start of professional activity, main playing role and main league. The number of
observed cases was 1.91 times (95% CI 1.32-2.67) higher than expected. The risk increase was
highest among players younger than 45 years, with a SIR of 4.66 (95% CI 2.66-7.57). The year of
start of professional activity in which the increased risk peaked was between 1975 and 1984 (SIR
3.97; 95% CI 1.91-7.31), followed by the period preceding the year 1965 (SIR 1.76; 95% CI 1.05-
2.79). The playing role showing the greatest risk increase was the midfielder (SIR 2.37; 95% CI
1.32-3.90). The first division (A) carried the highest risk increase, with a SIR of 5.69 (95% CI 2.73-
10.47) followed by the second (B), with a SIR of 2.79 (95% CI 1.12-5.74). No differences were
found across teams (Supplemental Table e-1), as all the confidence intervals overlap.

The median age at diagnosis among 554 men with ALS in Europe!? was 65.2 years (interquartile
range 56.0-72.2). In the cohort of soccer players, the mean age at diagnosis was estimated at 45.0
years (standard deviation 12.6). Assuming a normal distribution, the mean age at diagnosis in
Europe is equal to the median (65.2 years) and the standard deviation is 12 (approximately the
interquartile distance, 16.2, divided by 1.35). Therefore, the mean age at diagnosis in soccer players

was estimated to be 20.2 years earlier than in the general population (p<0.0001, t-test).

Discussion



10.

To our knowledge, this is the first study evaluating the relationship between professional soccer and
ALS with a long follow up period, from 1959 to 2018. Our findings are in line with previous reports
in Italian soccer players (Supplemental Table e-2) but show a comparatively lower risk. The
difference can be explained by the length of follow-up. As the risk of ALS has been found to peak
in the youngest age categories in soccer players, while in the general population the incidence of the
disease tends to increase with age, we can assume that, prolonging follow-up, the difference
between observed and expected cases tends to decrease. This leads to a more realistic measure of
the relative risk, without excluding a significant association.

Several factors can be implicated as risk factors for ALS in professional soccer players. Some can
be part of the soccer activity, like traumatic events. Soccer is a “contact sport”, where players can
hit each other several times in a match. This means that players experience several injuries during
the entire professional activity. It has been established that traumatic events are risk factors for
ALS" as reported in Italian'* and European'> case-control studies.

The hypothesis that strenuous physical activity could be a risk factor for developing ALS was also
explored but with inconclusive results. While several case-control studies have suggested an

16-19

association between leisure or moderate physical activity,'®!” work-related physical activity!'” and

17.20-25 others have not.?¢2® These apparently discrepant results could

professional physical activity,
be explained by the differing definition of exposure and the assessment of differing levels of
physical activity. In a recent study using linkage disequilibrium score regression and Mendelian
randomization techniques (Bandres-Ciga et al, 2019), light physical activity was inversely
associated with the risk of ALS while intensive physical activity carried a higher disease risk.

Data reported in a European population based case-control study showed a significant association
between physical activity (work-related or sport-related) and an earlier age at onset of the symptoms

of the disease,?® with a median age at symptoms onset of 61.5 years vs. 67.1 years in those never

performing physical activity. A younger age at disease onset was found by others in soccer players
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and also in people who performed other types of physical activity.?>?? In line with these findings, in
our study former soccer players were diagnosed with ALS 20.2 years before the general population.
Based on our findings and the present knowledge, we hypothesize that soccer players with ALS are
susceptible individuals who develop the disease at a younger than expected age in response to
combinations of environmental factors, including injuries and heavy physical activity. This
hypothesis is supported by the present measure of the risk and the consistency of our data and the
published reports on the earlier age at onset of the disease in this professional category.

We found a higher than expected incidence of ALS among soccer players in two separate periods
(1975-84 and prior to 1965). In the absence of clear time trends or environmental factors that could
explain clusters of ALS cases in these periods, the differences might be due to the small numbers
and/or the arbitrary selection of the time intervals.

Midfielder was the most frequent role played by those who developed ALS. This observation is
confirmed by a previous study.?? However, as midfielder is the most frequent role (more than 35%
of our players), the power for reaching statistical significance is higher in this group than in others.
Italian reporters emphasized the presence of ALS cases among subjects who played in few specific
teams, claiming the role of some environmental factors such as the contamination of the soccer field
by herbicides or cyanobacteria.’® This data was never verified because the number of detected cases
in each team was too small. We had the chance to analyse all the teams including two or more ALS
cases. No significant association between ALS and playing team was detected.

The excess risk of ALS is not restricted to the Italian soccer players. One published report outside
Italy refers to a cluster of three cases who played in England.?! Due to this small number, the play
of chance cannot be excluded. Another, recent study done in Scotland found ALS and other
neurodegenerative diseases (Alzheimer’s and Parkinson’s disease) more commonly reported in
death certificates of former professional soccer players than in the general population.3? These

observations can provide the background for further studies in other European countries.
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An increased risk of ALS can be implicated also among professional players in other sports. A
higher mortality due to ALS (Standardized Mortality Ratio, 4.04) was detected in a cohort of 3,439
US Football National League players (FNL).3* However, another study comparing NFL players
with professional American baseball players found no significant differences between the two
groups (Hazard Ratio 2.81; 95% CI 0.75-10.51).3* In contrast, no excess cases were found among
basketball players and road cyclists in an Italian study.?> However, the absence of ALS cases may
be explained here by the small number of exposed individuals (basketball players,1,973, road
cyclists, 1,701) and the short follow up (basketball, 35,273 person years; road cyclists, 63,346
person years).

Our study has limitations: 1. The medical details on ALS diagnosis could be examined only in 18
cases; however, the investigation of multiple independent sources, the confirmation of the disease in
all patients with available medical records, and the implications of this diagnosis make diagnostic
errors unlikely; 2. The age at diagnosis was not available in some cases and it was estimated using
the mean disease duration from cases for which it was available. This could have influenced the
estimated age at diagnosis reported here; however, given the marked difference with the general
population, it is unlikely that our results are entirely biased by this imputation; 3. Incidence rates
used as reference for calculating the expected cases were obtained from a study conducted in the
Lombardy region'! during the years 1998-2002, while our exposed cohort was made of individuals
from all Italian regions, including players born in other countries (less than 17%) and covered a
different period of time (1959-2000). We cannot thus exclude that expected rates would have been
different from those used here as reference; however, the expected rate calculated for the Lombard
registry are in line with other Italian reports; 4. All ALS cases were identified by news, internet
websites and books. An underestimation of cases may have occurred, particularly among players of
the C leagues (less frequently followed by the media, especially after cessation of the activity).
However, the increased use of internet makes information more easily available than in the past,

making it improbable that so a devastating diagnosis would be reported only in famous soccer
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players; in addition, underascertainment of soccer players with late disease onset might reduce the
present gap in the age of onset, but would contribute to increase the disease risk even further; 5. The
exact number of person-years cumulated by the cohort of exposed was not available in our data, and
it was estimated assuming that all players entering the cohort before the year 1975 were alive until
this year, and using the prospective probabilities of survival in Italian males for all subsequent years
until 2018.'° We cannot exclude that soccer players incur in mortality rates that differ from those of
the general population. In case of higher (or lower) mortality rates in soccer players an
overestimation (or underestimation) of expected cases may have occurred, with a consequent

underestimation (or overestimation) of the SIR.

Conclusions

In conclusion, our findings show that professional soccer players are at increased risk of ALS, but
the measure of the risk tends to decrease when prolonging follow-up; however, soccer players
experience onset of ALS symptoms at a much younger than expected age. Repeated traumatic
events and heavy physical exercise may be all implicated, but the role of genetic predisposition

cannot be likewise excluded.
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Table 1. General characteristics of 23,586 former soccer players

N %
Year of birth
<1950 6543 27.7
1950-1959 4837 20.5
1960-1969 6441 273
>1970 5765 24.4

Year of start of
professional activity

<1965 6543 27.7
1965-1974 4837 20.5
1975-1984 6441 27.3
1985-1999 5765 244
First* playing role

Forward 5534 23.5
Midfielder 8531 36.2
Back 6543 27.7
Goalkeeper 2673 11.3
Not available 305 1.3
Main** playing role

Forward 5500 23.3
Midfielder 8431 35.7
Back 6853 29.1
Goalkeeper 2679 11.4
Not available 123 0.5
Main league***

A 1974 8.4
B 2582 10.9
C 19030  80.7

*The playing role at the first season in which the player appeared in the professional league during
the study period.

**The playing role in which the player spent the majority of seasons during the study period.

***The league in which the player spent the majority of seasons during the study period.



Table 2. Person-years of exposure, expected rates and number of cases, observed rates and number cases, and standardized incidence
ratios with 95% confidence intervals

Person-vears Expected rate Expected Observed rate Observed SIR 95% 95%
y (per 100,000) cases (per 100,000) cases LCL UCL

Total cohort 1001318 1.78 17.8 3.39 34 1.91 1.32 2.67
Age
<45 years 686767 0.50 34 2.33 16 4.66 2.66 7.57
45-54 years 161771 2.70 4.4 5.56 9 2.06 0.94 3.91
55-64 years 95806 6.20 5.9 7.30 7 1.18 0.47 2.43
65-74 years 45611 7.20 33 4.38 2 0.61 0.07 2.20
75+ years 11363 6.70 0.8 - - - - -

Year of start of
professional activity

<1965 371912 2.74 10.2 4.84 18 1.76 1.05 2.79
1965-1974 225075 1.86 4.2 2.22 5 1.20 0.39 2.79
1975-1984 243136 1.03 2.5 4.11 10 3.97 1.91 7.31
1985-1999 161195 0.55 0.9 0.62 1 1.13 0.03 6.29
Main* playing role

Forward 236884 1.83 4.3 2.96 7 1.61 0.65 3.32
Midfielder 357739 1.77 6.3 4.19 15 2.37 1.32 3.90
Back 286472 1.72 4.9 3.14 9 1.82 0.83 3.46
Goalkeeper 115409 1.82 2.1 2.60 3 1.43 0.29 4.16
Main league**

A 88253 1.99 1.8 11.33 10 5.69 2.73 10.47
B 118841 2.11 2.5 5.89 7 2.79 1.12 5.74
C 794224 1.70 13.5 2.14 17 1.26 0.73 2.01

SIR = standardized incidence ratio; LCL = lower confidence limit; UCL = upper confidence limit.
*The playing role in which the player spent the majority of seasons during the study period.
**The league in which the player spent the majority of seasons during the study period.
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The Union of Professional Football Players, the Italian association of soccer players, is a co-
investigator. It is the Italian association of football players. Several people of the executive team were

involved in data cleaning and verification. The list of all the members of the association cannot be
shared.



