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ABSTRACT:

The relationship between soccer and chronic traumatic encephalopathy (CTE) is not well
established. Clinicopathological correlation in an 83-year-old retired center-back soccer player,
with no history of concussion, manifesting typical Alzheimer-type dementia. Examination
revealed mixed pathology including widespread CTE, moderate Alzheimer's disease,
hippocampal sclerosis, and TDP-43 proteinopathy. This case adds to a few CTE cases
described in soccer players. Furthermore, it corroborates that CTE may present clinically as
typical Alzheimer-type dementia. Further studies investigating the extent to which soccer is a
risk for CTE are needed.

Keywords: Alzheimer disease; humans; soccer, autopsy, Chronic Post-Traumatic

Encephalopathy; dementia



First recognized in boxers as a late complication of repeated head injury, chronic traumatic
encephalopathy (CTE) has received more attention following a series of high-profile cases in
former football players. Albeit somewhat different than in boxers, these football players exhibited
progressive erratic, impulsive, and aggressive behavior usually in their fourth and fifth decades
of life, as well as underlying tauopathy. Further evidence showed that CTE presents in a
broader setting including military service and other contact sports, including hockey and
professional wrestling [1]. Soccer is the most popular sport worldwide with over 250 million
players at all levels. Soccer is a limited-contact sport although trauma to the head is not
uncommon, being ranked second after trauma to the thigh in the last World Cup [2]. Clinical
studies report discrepant results concerning changes in brain function and structure in active
and former soccer players exposed to headings [3-8]. To date, CTE pathology was described in
two soccer players [1, 9]. We describe a case of CTE presenting typical symptoms of late-onset

Alzheimer’s dementia (AD) in a former soccer player.

Case Description

A 79-year-old retired soccer player presented to our clinic with severe dementia. He played as a
professional center-back for 21 years, reaching the status of the captain of the Brazilian team,
and retired at age 39 [10]. Twelve years prior (age 67), he began to develop short-term memory
problems, starting with a failure to memorize a text for a TV advertisement and including
repeating sentences. At age 68, he became forgetful of money withdraws. At age 69, he was
diagnosed formally with AD by a neurologist. He had no insight into his condition and denied
any memory problem. At age 72, a neuropsychological evaluation detected severe impairment
of delayed recall tests both for verbal and visual items, and for naming objects together, with
moderate impairment of verbal fluency and visual perception, endorsing a diagnosis of probable
AD. Episodes of random shouting spells starting at age 79 prompted referral to our service. At

this time, he was under treatment of mild arterial hypertension and hypercholesterolemia, both



of which were under control, and he was receiving galantamine and memantine. He had no
history of concussion, severe head injury, loss of consciousness, alcoholism, or drug abuse. He
had 11 siblings, five of which reached adult life. One sister had late-onset dementia diagnosed
as AD.

The exam revealed severe dementia and a slower, but uncharacteristic gait. The shouting spells
disappeared completely after treatment with risperidone 0.5 mg/day. A CT scan obtained after
the visit revealed temporal atrophy, a small old right frontal cortico-subcortical infarct, white
matter hypoattenuation, and sporadic lacunes. He died at the age of 83, 16 years after the
onset, bedridden and fed by gastrostomy. During the disease, he never manifested
hallucinations, convulsions, or behavioral disturbances.

The postmortem brain was scanned in a 3T MRI after fixation. Radiological examination (Fig. 1)
and gross examination (Fig. 2A) showed prefrontal, middle frontal gyrus, anterior and mesial
temporal and anterior cingulate cortex atrophy, greater on the left, bilateral atrophy of the
hypothalamus and fornices with pronounced volume reduction of the mammillary bodies, and a
post-ischemic lesion in the right frontal lobe. Furthermore, the brain showed a cavum septum
pellucidum and few lacunae in basal ganglia, thalamus, and pons. The locus ceruleus and
substantia nigra were pale. Microscopic assessment (Fig. 3) was consistent with the most
severe stage of CTE (stage IV) [11], featuring phospho-tau deposition, more intense in the
depths of cortical sulci with a clear perivascular distribution. The superficial cortical layers
displayed a higher burden of neuronal and thorny glial inclusions than the deep layers.
Phospho-tau positive CTE pathology was widespread throughout the limbic and inferior
temporal cortices and subcortical structures, including amygdala, thalamus, and brainstem. Mild
to moderate CTE pathology was observed in middle frontal, superior temporal, pre-central and
angular gyrus. The CTE-like tau inclusions were positive for 3-repeat-, 4-repeat, and acetylated
tau. The neocortex and hippocampus showed neuritic plaques. No neuritic plagues were

observed elsewhere, including putamen, brainstem, and cerebellum. The distribution of beta-



amyloid plaques and neurofibrillary tangles warranted a diagnosis of intermediate AD
neuropathological changes - A1,B2,C3 [12]. Finally, the hippocampus exhibited severe sclerosis
(Fig. 2). The sclerotic area featured TDP-43 positive neuronal cytoplasmic inclusions and gray
matter threads. TDP-43 proteinopathy was also observed in other limbic areas, including
anterior cingulate cortex and amygdala, and to a lesser extent, inferior temporal cortex and
middle frontal gyrus (Fig. 2). TDP43-proteinopathy consisted of dense TDP-43-positive rounded
and crescentic neuronal cytoplasmic and glial inclusions and threadlike neurites. In cortical areas,
TDP-43 inclusions were observed in all cortical layers and white matter. The brain was free of a-

synuclein inclusions. APOE genotype was £3/€3.

Discussion

We presented a case of an older retired professional soccer player showing typical clinical
features of late-onset AD with mixed neuropathological findings including severe CTE,
moderate AD, hippocampal sclerosis, and TDP-43 proteinopathy. This case adds to a few CTE
cases described in soccer players - a 29-year-old player with amyotrophic lateral sclerosis, and
a 77-year-old retired player with Alzheimer-type dementia [1, 9] - corroborating that soccer may
be a potential risk factor for CTE. Despite the lack of a history of concussion, subconcussive
accidents are not uncommon in soccer due to collisions with other players [13]. It is noteworthy
that this patient played in center-back position, where heading to the ball is common. Some
studies associate headings with structural brain changes [4, 6], although this is still a

controversial issue beyond the scope of this work.

In addition, this case adds to a few but growing number of reports suggesting that CTE
pathology may manifest clinically as typical Alzheimer-type dementia, lacking the
behavior/mood changes classically associated with CTE described in younger athletes involved

in contact sports [1, 14]. CTE associated with amnestic presentation correlates with milder



repetitive traumatic brain injuries (TBIs) and a longer interval between the TBI episodes and the
onset of neuropsychiatric symptoms [15-17]. Also, it is plausible that differences in the

biomechanics involved in the TBI may result in distinctive clinicopathological pictures [1, 18].

Clarifying the exact role of CTE pathology to the cognitive decline of these older patients is
complicated by the presence of other proteinopathies, as illustrated in this case. This patient
met all the required and supportive neuropathological criteria for CTE (perivascular foci of p-tau
lesions in the neocortex, irregular distribution of p-tau lesions at the depths of cerebral sulci,
cortical NFTs located preferentially in the superficial layers, most pronounced in temporal
cortex, and clusters of subpial astroglial tauopathy in the cerebral cortex, most pronounced at
the sulcal depths), and showed advanced pathology [11]. Nevertheless, it is not possible to rule
out that the clinical picture was a reflex of the other findings. AD pathology and hippocampal
sclerosis with TDP-43 proteinopathy also manifest with an amnestic syndrome. Although the
degree of AD pathology was arguably modest to justify the severe degree of dementia
developed by this patient, the combination of several neurodegenerative conditions could have
the sufficient synergic effect to produce severe dementia. Multiple rather than single brain
pathology underlying dementia in older individuals is the rule rather than the exception [19], and
CTE may be one of these diseases, as shown by this case. Evidence suggests that TBI possibly
triggers and accelerates TDP-43 proteinopathy and even deposits of amyloid-beta plaques [20,
21]. It is yet to be determined if AD-type pathology and TDP-43 proteinopathy are overlapping
conditions or are part of a CTE clinicopathological entity in older adults exposed to remote TBIs
[18]. Regardless, TDP-43 proteinopathy is often present in subjects meeting criteria for CTE and
its severity increases in CTE higher stages [20]. Hippocampal sclerosis also frequently co-
occurs with CTE tau-related changes [22], although hippocampal sclerosis of the aging is
recognized as a distinctive entity manifesting as amnestic cognitive decline and cannot be ruled

out in this case [23, 24]. The advent of the neuropathological criteria for CTE [11] will greatly



assist in recognizing the tau-related CTE component in cases of overlapping neurodegenerative
conditions.

Studies to underscore how frequently CTE pathology underlies amnestic dementia and to
determine the populations at risk are critical. Soccer is the most popular sport worldwide
attracting millions of amateur players, including children. Evidence of CTE in professional
soccer players urges for further careful studies investigating the extent to which soccer is a risk

for CTE.
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Legends to the Figures:

Figure 1. Radiological features of the case. A) Non-contrast axial CT: the arrow points to
hypoattenuation in periventricular white matter region and infarct in the right middle frontal gyrus
(arrow). B) and C) Axial formalin fixed post-mortem MR T1-weighted images showing the infarct
(arrow in B) and lacunae in the basal ganglia (arrows in C). D) Frontal and E) superior views
from 3D renderings from the postmortem MR images showing atrophic changes in frontal and
temporal areas (arrows). F) Coronal formalin fixed post-mortem MR T1-weighted images

showing a marked reduction of the mesial temporal and hypothalamic structures.

Figure 2: Neuropathological features. A) Coronal brain slab showing a cavum septum
pellucidum (arrow) and pallor of the substantia nigra (arrowhead). B) Hippocampal sclerosis.
Hippocampus at the transition (star) between CA1 and CA2 sectors. Note that the neuronal
strip, clearly visible on CA2 is interrupted and replaced by gliosis. H&E staining. C) Inferior
temporal gyrus (ITG) immunostained for TDP-43 (TDP-43, 1:500, Proteintech) showing gray
matter threads (arrows) and neuronal cytoplasmic inclusions (arrowhead). D) Histological
section across the angular gyrus (ANG) immunostained for beta-amyloid (4G8, 1:10000, Signet

Pathology Systems) depicting a moderate number of neuritic plaques.

Figure 3. CTE pathology. A) Inferior temporal gyrus (ITG) depicting widespread tau pathology,
more concentrated in the superficial cortical layers and depth of the sulci (arrows). B)
Enlargement of the boxed area on (A) highlighting the predominately glial pathology and

perivascular tau pathology (arrows). C) Widespread tau pathology in precentral gyrus (PCG). D)



Middle frontal gyrus showing tau pathology especially at the depth of the sulci (arrow). E)
Enlargement of the boxed area on (D) depicting tau glial and neuronal pathology and
perivascular tau deposits (arrow). F) Tau pathology in superior temporal gyrus (STG), more
prominent in the depths of the sulcus (arrow). G) Hippocampal formation showing widespread
tau pathology. Using this staining, it is possible to observe the thinning of the CAl sector and
subiculum. H) Enlargement over the entorhinal cortex (bottom box on G) again showing a
predominant glial tau pathology and perivascular tau deposits (arrow). I) Enlargement over the
CALl sector (top box on G) highlighting the perivascular tau pathology (arrow). J and 1) Tau
pathology more prominent in the depth of the sulcus (arrows) in anterior cingulate cortex (ACC)
and angular gyrus (ANG), respectively. All histological sections were immunostained for

phospho-tau (CP13, 1:500, gift of Peter Davies).





