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Abstract

The link between head injury and Alzheimer’s disease is a contentious and evolving topic of debate. With the recent death from dementia of
several former members of England’s 1966 Football World Cup winning team, there is an increasing focus on the long-term consequences of
sports related head injury. Much of the emphasis has been on the impact of concussion on the health and welfare of athletes. This article will
explore the effect of mild to severe traumatic brain injury and its connection with neurodegenerative diseases such as Alzheimer’s disease and
Chronic Traumatic Encephalopathy (CTE). The latter was diagnosed in more than a hundred former National Football League (NFL) players. We
will scrutinize current literature from dementia studies that has suggested racial and ethnic differences in the trends in dementia prevalence. More
funding is required to support further research into the link between Alzheimer’s disease and sports participation with the goal of prevention.
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The subject of brain injuries in football has come under the
limelight in recent years following the premature death from
dementia of several former members of England’s 1966 World Cup
winning football team. Dementia (ICD-10: FO0-F03), an umbrella
term is a neurodegenerative disease which is usually chronic
and progressive in nature; it is marked by disturbance of higher
cortical functions, such as impaired memory, thinking, orientation
and calculation. Changes in personality and compromised
reasoning and judgement are also prevalent [1]. Five members
of England’s World Cup team developed neurogenerative disease
leading to the death of four of them between 2018 and 2020. These
were Ray Wilson, Martin Peters, Jack Charlton (Bobby Charlton’s
older brother) and Nobby Stiles; whereas Bobby Charlton was
diagnosed with Alzheimer’s disease in 2020 [2]. Their careers
are believed to have been a contributory factor to their dementia.
Bobby Charlton is one of the most famous English football players
and is still considered as one of the best midfielders of all times.
He played in four World Cups (1958, 1962, 1966 and 1970) and
made a total of 106 international appearances for England - a
national record at the time.

Over the last three decades, the number of individuals living
with dementia has steadily increased [3]. In addition to its obvious
morbidity, the syndrome has imposed a huge burden on health
and social care systems worldwide; impacting countless families
and communities negatively. In 2016, the global population with
dementia was 43.8 million. This increased from 20.2 million in
1990 and the trend is expected to increase in the future [3-4]. Until
mitigative or curative treatments become available, dementia will
constitute a mounting challenge to the public health globally.
There are various recognized risk factors for dementia. Some of
them are modifiable, such as low education, obesity, hypertension,
diabetes, depression, smoking, alcohol abuse, physical inactivity,
hearing loss, loneliness, heart disease, stroke, Traumatic Brain
Injury (TBI), and delirium [5-6]. Other risk factors such as age,
sex and genetic predisposition (e.g. APOE €4 genotype) are non-
modifiable [6].

The link between head injury and dementia remains controversial
and is considered to be complex. Although there appears to be a
connection between traumatic brain injuries and augmented risk
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of dementia; not everyone who has had head injury is believed to
progress to developing dementia. Athletes in contact sports such
as football, rugby, American football, ice hockey, boxing, wrestling,
skiing in addition to military veterans have an increased risk
of experiencing multiple head injuries compared to general
population [7-8]. Several studies have documented variances in
dementia prevalence among racial and ethnic groups with Black
and Minority Ethnic (BME) group and Hispanics being at a higher
risk of dementia compared to Caucasian populations [9-11]. In
October 2019, FIELD study was published by the University of
Glasgow which revealed that male footballers were around three-

and-a-half times more likely to develop Alzheimer’s disease than
the general population [12]. But what about the females? It is
noted that there is an under-representation of women in studies
which can possibly be because their sports are still developing. A
prospective cohort study published in the journal of Alzheimer’s
Association in 2021 included 14,376 participants with twenty-
five years follow-up. It showed that females are at greater risk
of dementia after head injury compared to males. It conversely
showed Caucasian populations to be at greater risk of developing
dementia compared to BAME group [13].

v

Figure 1: Bobby Charlton (left) and his older brother Jack Charlton - both diagnosed with dementia (58)
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Research continues to show greater risk of concussions and
head injuries in women. Theories are put forward to explain
this increasing risk. These include potential alterations in
the microstructure of the brain to the influence of hormones,
differences in neck strength, players’ experience level, coaching
regimes, and the management of injuries [14]. It is noted that

not only the quantity of head injuries differs between women
and men, but also their nature. A review of twenty-five studies
of sport-related concussion suggests that female athletes are
not only more vulnerable to concussion than males, but are also
susceptible to more severe concussions - thus increasing the risk
of neurogenerative disease [15].

Compared to male athletes, female athletes are:

& At a greater risk of dementia after head injury.

¢ More vulnerable to concussion.

¢ Susceptible to more severe concussions thus are at increased
risk of developing neurogenerative disease.

Sue Lopez was one of the most noticeable woman football
players in 1970s. She spent her entire club career playing for
Southampton Women'’s Football Club, except for a season in Italy’s
Serie A with Roma in 1971. She was diagnosed with dementia
in 2018. Sue publicly blames her dementia on years of heading
the ball resulting in her suffering several concussions during
her sporting career between 1966 and 1985. She urges young
footballers to stop heading the ball due to increase risk connected

How to cite this article:
555698. DOI: 10.19080/0AJGGM.2022.06.555698

with receiving concussions and dementia [16].

Sports-related traumatic brain injury is becoming a significant
public health crisis. Traumatic Brain Injury (TBI) is considered as
a major cause of disability and morbidity in the United States of
America. The Centers for Disease Control and Prevention (CDC)
reported a hundred and seventy-six Americans dying from TBI-
related injuries each day [17]. In England and Wales, around 1.4
million patients per year attend hospital following head injury
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and it is thought to be the most common cause of death under the
age of 40 years [18-19]. Traumatic brain injuries vary in severity
from mild, transient symptoms to protracted periods of altered
consciousness. Moderate to severe Traumatic Brain Injury (TBI)
is considered to be one of the strongest and well-established
modifiable risk factors for the development of neurodegenerative
diseases such as late-onset Alzheimer’s disease; and is a leading
cause of morbidity and mortality worldwide [20].

The disability may persist for years after the initial injury
in survivors. Mild Traumatic Brain Injury (mTBI) on the other
hand is usually of self-limited nature. Even though minor head
injuries can also have consequences (e.g. confusion, sensitivity to

light, migraine, depression); it holds a better prognosis, as most
patients experience complete resolution of symptoms. mTBI is
often used interchangeably to refer to a concessional injury. In the
context of brain injuries in sports, the term ‘concussion’ (ICD 10
code: S06.0) is frequently used; which is essentially a subset of
the more sinister sounding mTBIs. There is no universal definition
of a concussion. It is in practice a biomechanically induced
transient disturbance of neurologic function that may or may
not be associated with loss of consciousness [21]. Concussion is
a risky condition, and its early detection and management is of
great importance as mismanagement and/or neglect can lead to a
complex sequalae of neuropsychiatric disorder [22].

Traumatic Brain Injury

+ A single episode of traumatic brain Injury can lead to the development

of aggregates of hyperphosphorylated tau proteins (pathognomonic of
both Alzheimer's Disease and Chronic Traumatic Encephalopathy).

¢ Emerging data proposes that mild head injuries, particularly repeated
mild injuries, may pose as a risk factor of neurodegenerative diseases,

¢ Moderate to severe traumatic brain Injury is considered to be one of
the strongest and well-established modifiable risk factors for the
development of late-onset Alzheimer'’s disease.

Although extensive research has focused on the increased
risk of neurodegenerative diseases associated with moderate
to severe brain injuries, emerging data proposes that mild head
injuries, particularly repeated mild injuries, may also pose as a
risk factor [23]. Research in Iraq and Afghanistan war veterans
in 2017 showed that ‘repetitive’ mild traumatic brain injury is
associated with a higher risk of neurodegeneration and reduced
memory performance in individuals at greater genetic risk for
Alzheimer’s disease. These results demonstrate the importance
of documenting head injuries even within the mild range as they
may interact with genetic risk to produce negative long-term
health consequences such as neurodegenerative disease [24-26].

Historically, concussion was a phrase that was never regarded

as significant and was used very lightly in mainstream media
coverage. However, with the deaths of high-profile World Cup
winning footballers, a visible change in media perception of
concussion and head injuries in sport has emerged [27-28].
Concussion is now recognized as one of contact sport’s greatest
challenges as well as a potential risk factor for Chronic Traumatic
Encephalopathy (CTE) [29]. Much of the media focus has been
given to link the impact of concussion on the health and welfare
of athletes. This attention was mostly driven by the generation
of enlightening conversations inspired by some of the high-
profile films such as the Will Smith movie “Concussion” and
documentaries such as “League of Denial: The NFL's concussion
Crisis” and “Killer Inside: The Mind of Aaron Hernandez”".

concussion.

challenges.

Concussion
¢ Mild Traumatic Brain Injury is often used interchangeably to refer to a
# Concussion is now recognised as one of contact sport’s greatest

¢ Mismanagement and/or neglect of concussion can lead to a complex
sequalae of neuropsychiatric disorder.
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Figure 2: Ms Lopez, who helped Southampton win the FA Cup eight times, is one of many urging for a heading ban at least in youth football.
She is pictured training for an England v France match (16)
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Figure 3: Normal Brain Anatomy and Concussion Injury (59)
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Alzheimer’s Disease (AD) and CTE havelongbeenrecognized as
sharing some parallel neuropathological qualities, predominantly
the accumulation of pathognomonic hyperphosphorylated tau
protein and shrinkage in the hippocampus. Though research
has established that CTE has an inimitable pattern of abnormal
tau build up that is different from AD such that they are seen
as discrete entities. Research done in 2015 summarises the
differences in the distribution of hyperphosphorylated tau in
both CTE and AD [30]. Findings are now emerging that CTE and
AD may be present in the same patients and there are ongoing
debates whether TBI can specifically lead to Alzheimer’s like
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disease, or whether CTE can cause AD following TBI [31-33].
Chronic Traumatic Encephalopathy (CTE) is a progressive
neurodegenerative syndrome, associated with single, episodic,
or repetitive blunt force impacts to the head and transfer of
acceleration-deceleration forces to the brain [34]. Those at
maximum risk for CTE are athletes who play contact sports and
military veterans, possibly due to their added chances of enduring
recurrent blows to the head [35]. CTE is a rare disorder, and its
diagnosis can only be done posthumously (at autopsy by studying
sections of the brain) as unfortunately no reliable biomarkers of
this disorder are available.
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Figure 4: Images of Aaron Hernandez’s brain showed the worst case of CTE ever found in someone his age. Figure courtesy of Dr Ann
McKee (30).

How Dangé rous Is Heading?

Figure 5: An article published in 1984 in FIFA's own magazine discusses the dangers of CTE from heading (50).
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CTE was previously known as Dementia pugilistica (the term
was derived from the Latin word pugil, which translates as “boxer”
or “fighter”) or punch-drunk syndrome since it was originally
described in 1920s’ boxers. They were thought to have suffered
multiple concussions leading to the decline in mental ability,
with impaired memory, lack of coordination and Parkinson’s

DOI: 10.19080/0AJGGM.2022.06.555698

disease like symptoms (due to biomechanical trauma to similar
sub cortical areas of the brain). Other terms used were “Chronic

Boxer’s Encephalopathy”,
and a subtype of Chronic Traumatic Brain Injury or CTBI. These

Traumatic Boxer’s Encephalopathy”,

terms are no longer used because it is now known that the
condition is not restricted to ex-boxers and is also diagnosed in
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relation to contact sports and military personnel [36]. Mohammed
Ali, possibly the greatest heavyweight boxer of all times was

believed to suffer from Dementia Pugilistica, and it is thought that
he died of its complications in June 2016 [37-38].
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Figure 6: Chris Sutton with his dad Mikee in one of Chris Sutton proudest moments — signing for Blackburn Rovers in 1994 (60)
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Aaron Hernandez, a former NFL (National Football League)
player and a convicted murderer was sentenced to life in prison
without the possibility of parole. He committed suicide in April
2017 at the age of 27 while serving life in prison for murder. He
was believed to suffer from a substantial damage to the key parts of
the brain, including the hippocampus - central to memory creation
and storage, as well as the frontal lobe - which has a pivotal role
in problem solving, judgement, impulse control and behaviour
[39]. Autopsy on his post-mortem brain was performed by Boston
University researchers, led by Dr Ann McKee and showed that
he suffered from a severe form of the degenerative brain disease
Chronic Traumatic Encephalopathy [40,30]. The brain autopsy
findings were described as the most severe case of CTE seen in
someone of Aaron’s age [41]. Chronic traumatic encephalopathy
has been found in more than a hundred former N.EL. players,
some of whom committed suicide with others suffering from
mental health problems such as depression, anxiety or other
mood and behavioral disorders [42-44]. This raises a thought-
provoking question: Is there a link between TBI and suicide?
Although we must not forget that sports players are not immune
to mental health issues manifesting for similar biopsychosocial
reasons or majority of supplementary risk factors present in the
general population

There seems to be an association between a single TBI and the
development of dementia. Research has shown that even a single
episode of TBI can lead to the development of neurofibrillary
tangle pathologies; which are essentially the aggregates of
hyperphosphorylated tau proteins. These tau proteins are

How to cite this article:
555698. DOI: 10.19080/0AJGGM.2022.06.555698

pathognomonic of both AD and CTE [45-46]. A player can expect
to play a number of games each season in addition to intense
and exhausting weekly training routines. When considering the
number of direct head contacts and the impact of the resultant
high forces on the brain of a player during games and training,
it is easy to understand the greater risk of receiving repeated
concussions and through these, neurodegenerative diseases -
compared to the general population [47-48].

There are reports of footballers suffering from brain damage
as early as September 1903. Sam Nicholls, a former English
footballer who won the 1892 FA Cup Final was believed to be in
a serious condition due to his persistency of heading the balls
[49]. FIFA (the International Federation of Association Football)
published an article in the FIFA magazine titled ‘How Dangerous Is
Heading?’ in 1984; this revealed the apparent connection between
football game and brain damage [50]. The article was presented to
the FIFA Medical Committee at a meeting in Zurich on 26 October
1984. It is disappointing that these early red flags were not
appreciated and acted upon. There remained a slow commitment
within professional football to recognise and admit the link
between brain injury and the sport. The rising concerns regarding
the alleged link between contact sports and the development of
CTE and Alzheimer’s disease have resulted in increasing academic
attention focussed on sporting injuries. Ongoing media coverage
and awareness has amplified public awareness of sports-related
head injuries. A noticeable shift in media attitudes has therefore
been detected towards concussion and head injuries in contact
sports.
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In Rugby, repeated blows to the head suffered on the field,
from colliding with other players is thought to be the cause of the
irreversible damage [51]. The Rugby Football Union admits that
it poses a ‘significant potential risk of concussion’ It says there
is one incident in every three professional matches [52]. More
and more players are joining legal action against rugby union’s
governing bodies, condemning negligence over head injuries.
This unfortunately includes one of the prominent names of Adam
Hughes who retired with brain injury at the age of only 28. He is
thought to be on path to early-onset dementia [53-54].

Chris Sutton - former international professional football
player, Celtic FC legend, former Lincoln City manager and later
TV/Radio commentator has campaigned hard to raise awareness
of the connection between heading in football and dementia.
His father and mentor Mike Sutton, who was also a professional
footballer, died of dementia in December 2020. Chris Sutton’s
efforts have been pivotal is raising funds for extended research
into the deadly triad of head injury, concussion and dementia.
He has advocated that players who receive blow on their heads
during the game need to be properly assessed in a dressing room
by an independent doctor before they can carry on. He called for
rule makers IFAB (International Football Association Board) for
immediate ratification of temporary substitutes [55]. Risk is a
recognised part of any contact sport. Yet, sport clubs have a duty of
care to guard their players by implementing their own concussion
protocols and minimise their risk of being exposed to injury.

Especially if this is reasonably anticipatable. With an increasing
profile, there are now welcomed conversations and changes in
relation to dementia and other neurodegenerative diseases.

It is time we consider a more focused question be asked about
head injuries and dementia; especially in high-risk sports such as
boxing and the NFL: Is heading necessary to the game of football?
During the summer of 2021, the Football Association (the FA)
declared that from the start of the 2021/2022 season, English
football will introduce heading guidance across all levels of
professional and amateur football games, with a particular focus on
training sessions [56]. Healthier communication is a prerequisite
with a player’s treating team if a brain injury is suspected, with
appropriate medical intervention and aftercare. The take home
message is that sports related concussion is common and carries
long term risks. It can lead to complex neuropsychiatric disorder.
Concussion is cumulative and can affect nearly any aspect of
players’ lives. It cannot be ignored as absent or incomplete
management of head injuries may result in ongoing symptoms,
more concussions and other injuries. Advocacy is an issue that
should not exclusively be limited to professional sportsmen; but
a very common problem in amateur and youth sports [57]. This
is an alarming prospect for parents in trying to decide whether to
allow their children to participate in sports or not. It is crucial to
maintain a healthy balance between the benefits of the games on
one hand and the risks and lifelong damages on the other.
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