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Repeated head impacts. What they mean for dementia
risk
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The long-term neurological consequences of repeated head impacts in sport have moved from anecdotal
concern to a central public health debate. For clinicians, understanding the precise nature of thisrisk is critical
for advising athletes, families, and policymakers. The evidence now clearly delineates a heightened risk of
neurodegenerative disease, particularly dementia, among those exposed to recurrent head trauma.

The Pivot: The cumulative effect of subconcussive impacts, not just diagnosed concussions, drives much
of the increased dementia risk.

The Data: Former professional contact sport athletes face a 3.5-fold higher risk of neurodegenerative
disease compared to the general population.

The Action: GPs and specialists should counsel athletes on the long-term risks of head impacts, advocating
for rule changes and improved protective measures in contact sports.

For decades, the discussion around head injuriesin sport focused predominantly on acute concussion. A diagnosed
concussion, with itsimmediate symptoms and recovery protocols, was the primary concern. But the clinical picture
has broadened considerably. We now understand that it is the aggregate exposure to both concussive and subconcussive
impacts that drives the long-term risk of neurodegenerative conditions, including dementia. This distinction is crucial
for understanding the pathology and for implementing effective prevention strategies.

The pathology underpinning this risk is chronic traumatic encephal opathy (CTE), a distinct tauopathy. CTE

manifests as progressive neurodegeneration, with symptoms including memory loss, confusion, impaired judgment,
aggression, depression, and eventually, overt dementia. While CTE can only be definitively diagnosed post-mortem, its
clinical presentation in living individual s often mirrors other neurodegenerative diseases, complicating diagnosis and
management. The prevalence of CTE in cohorts of deceased athletes with a history of head impacts is striking, far
exceeding that in the general population.

The Cumulative Burden of Head Trauma
The relationship between head impacts and neurodegeneration is dose-dependent. The more head impacts an individual

sustains over their athletic career, the higher their risk of developing CTE and other forms of dementia. Thisincludes
both the overt concussions that lead to immediate symptoms and the far more numerous subconcussive impacts that
often go unnoticed. These subconcussive events, individually minor, accumulate over time to cause significant damage.
Studies of former professional athletes in contact sports, such as American football, rugby, and boxing, consistently
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demonstrate an elevated risk of neurodegenerative disease. One large cohort study, for instance, found that former
professional footballers had a 3.5-fold higher risk of neurodegenerative disease compared to matched controls from
the general population. This elevated risk was not uniform across al neurodegenerative conditions; it was particularly
pronounced for motor neuron disease and dementia, including Alzheimer'sdisease and CTE. Themedian age of diagnosis
for these conditions was also earlier in the athlete cohort.

The specific mechanisms by which repeated head impacts lead to neurodegeneration are complex. Mechanical forces
from impacts cause axonal shearing, microvascular injury, and inflammation within the brain. These acuteinjuriestrigger
a cascade of pathological events, including the abnormal phosphorylation and aggregation of tau protein, a hallmark of
CTE. Repeated insults prevent the brain from fully recovering, leading to chronic neuroinflammation and progressive
neuronal loss. This process can continue for years, even decades, after an athlete retires from sport.

Distinguishing CTE from Other Dementias
Clinicaly, distinguishing CTE from other dementias like Alzheimer's disease can be challenging. Both can present

with memory impairment, executive dysfunction, and behavioral changes. But CTE often features prominent mood
and behavioral disturbances (e.g., impulsivity, aggression, depression) earlier in its course, particularly in younger
individuals. Cognitive symptoms, such as memory loss, tend to emerge later. In contrast, Alzheimer's disease typically
presents with memory impairment as the predominant initial symptom.

The neuropathological distinction is clearer. CTE is characterized by a unique pattern of tau protein deposition,
particularly around small blood vesselsand at the depths of cortical sulci. Thisdiffersfrom the more diffuse tau pathol ogy
seen in Alzheimer's disease, which also includes amyloid-beta plagues. While some individuals may have co-pathology,
the presence of CTE-specific tau isdirectly linked to a history of head trauma.

Genetic factors aso play arole. The APOE g allele, aknown risk factor for Alzheimer's disease, may also influence
susceptibility to CTE. Some research indicates that individualswith both a history of head traumaand the APOE g dlele
may have an accelerated onset or more severe presentation of CTE. But head trauma remains the primary, necessary
exposure for CTE development.

The Impact on Different Sportsand Age Groups
Therisk profile varies significantly across different sports. Sports with higher rates of head impacts, such as boxing,

American football, rugby, andice hockey, carry the highest risk. But even sports not traditionally considered high-impact,
like soccer, have shown associations with increased dementiarisk, particularly among players who frequently head the
ball. The cumulative effect of heading a soccer ball, even without overt concussion, contributes to the overall burden of
head trauma.

The age at which head impacts occur also matters. The developing brain of children and adolescentsis particularly
vulnerable to injury. Early exposure to head impacts, especially during critical periods of brain devel opment, may
predispose individuals to earlier onset or more severe neurodegenerative disease later in life. This hasled to calls for
stricter rules regarding head impacts in youth sports, including restrictions on heading in soccer and limits on contact in
other sports.

But the precise threshold for what constitutes a 'safe’ level of head impact exposure remains undefined. Thisisa
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significant limitation in current research. We know that more impacts mean higher risk, but we do not have aclear cut-off
below which risk is negligible. This complicates advice for recreational athletes and parents of young players.

Mitigation and Future Directions

Effortsto mitigate the risk of head impactsin sport include rule changes, improved equipment, and better diagnostic and
management protocols for concussions. Rule changes, such as those limiting contact in practice or penalizing dangerous
tackles, aim to reduce the frequency and severity of impacts. Helmet technology has advanced, but no helmet can entirely
prevent brain injury from rotational forces, which are a major contributor to CTE pathology. The Oxford Handbook of
Neurology provides further detail on the biomechanics of traumatic brain injury.

Better education for athletes, coaches, and parents about the risks of head impacts and the importance of reporting
symptomsisalso critical. Many athletes, particularly at amateur level s, continueto play through symptomsof concussion,
exacerbating their risk. Implementing robust concussion protocols, including mandatory removal from play and gradual
return-to-sport guidelines, is essential.

Future research needs to focus on developing reliable in-vivo biomarkers for CTE. Currently, diagnosis relies on
post-mortem examination. The ability to diagnose CTE in living individuals would revolutionize clinical care, allowing
for earlier intervention and moretargeted therapies. Longitudinal studiestracking athletesfrom youth through retirement,
correlating head impact exposure with neuroimaging and cognitive assessments, will also provideinvaluable data. These
studies must be large enough to account for confounding factors, such as genetics, lifestyle, and co-morbidities, which
can aso influence dementiarisk.

CLINICAL IMPLICATIONS

The evidence on repeated head impacts and dementia risk is no longer speculative; it is a clear and present
concern for any clinician managing athletes or individuals with a history of contact sports. GPs must proactively
counsel patients on these risks, particularly parents of young athletes, advocating for participation in sports
with robust head injury protocols and rule modifications. The cumulative nature of subconcussive impacts
means that even seemingly minor blows contribute to long-term pathology.

Specialists in neurology and sports medicine will increasingly encounter patients presenting with cognitive
or behavioral changes who have a history of contact sport participation. A detailed history of head impact
exposure, including both diagnosed concussions and years of participation in high-impact sports, is essential.
While a definitive ante-mortem diagnosis of CTE remains elusive, recognizing the clinical phenotype and
managing symptoms symptomatically is paramount.

The sports industry, from professional leagues to amateur clubs, bears a significant responsibility.
Implementing and enforcing stricter rules to reduce head impacts, investing in research for better protective
equipment, and prioritizing athlete welfare over competitive advantage are not optional. The long-term health
of athletes demands a fundamental shift in how contact sports are played and managed, moving beyond a
focus solely on acute concussion to address the insidious threat of cumulative trauma.
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