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Risk of chronic traumatic encephalopathy in rugby union is associated

with length of playing career
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There is concern over late, adverse brain health outcomes
associated with contact sports participation, with high neu-
rodegenerative disease risk reported in studies of former
American football [3, 8], soccer [9, 16] and rugby union
players [15]. In parallel, autopsy studies of former athletes
from a range of contact sports describe a frequent finding
of chronic traumatic encephalopathy (CTE), a neuropathol-
ogy uniquely associated with prior history of traumatic brain
injury (TBI) and repetitive head impact (RHI) exposure
[7, 12—-14]. Among contact sports, rugby union (hereafter
‘rugby’) is documented as having high risk of concussion/
mild TBI, with reported injury rates ranging 4.1 concus-
sions/1000 player hours at community level [2] to 22.2
concussions/1000 player hours in professional rugby [4].
Nevertheless, despite its popularity, with a reported 8.46
million active participants globally [20], there have been
relatively few case descriptions of CTE in former rugby
players [7, 17, 18]. To address this, we collated and analyzed
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neuropathological data from autopsy brain examinations on
individuals with rugby as primary sport exposure submitted
to three international brain banks with specific interest in
contact sport and brain health.

Case records of the Understanding Neurologic Injury
and Traumatic Encephalopathy Brain Bank (UNITE; Bos-
ton University School of Medicine, US), the Glasgow TBI
Archive (GTBI; University of Glasgow, UK) and the Aus-
tralian Sports Brain Bank (ASBB; Royal Prince Alfred Hos-
pital and University of Sydney, Australia) were surveyed to
identify case donations in which primary sport exposure was
recorded as ‘rugby union’. Each archive employs standard-
ized procedures for case accrual, clinical history acquisition
and tissue processing, with neuropathological evaluations
conducted blind to demographic and clinical information
and employing established, consensus protocols for assess-
ment of neurodegenerative disease pathologies, including
CTE [1, 11, 13]. For the purposes of this study, existing
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archive datasets were interrogated to extract relevant demo-
graphic information (age at death, sex), sports exposure his-
tory (years duration of rugby participation, position played
[dichotomized as forward or back], highest level of partici-
pation [dichotomized as amateur or elite (encompassing rep-
resentative international and/or professional)], other contact
sport exposure) and principal neuropathological findings.

In total, 31 cases where primary sports exposure was
documented as rugby union were identified within contrib-
uting research brain banks: 16 cases from UNITE; 8 from
GTBI; and 7 from ASBB. Among these, mean age at death
was 60.4 years (standard deviation [SD] 21.7 years; range
17-95 years), with all but 1 (3%) case male. Reported rugby
career length averaged 18.3 years (SD 10.0 years; range
2-35 years), with an equal number of forward and backs,
where information on player field position was available.
Twenty-three (74%) played rugby exclusively as amateurs,
with 8 (26%) reaching elite (representative/ professional)
level and 19 of 29 (66%) reporting history of prior TBI with
loss of consciousness and/or history of concussion.

Regarding neuropathological findings, CTE was present
in 21 of 31 (68%) brains of former rugby players examined,
a majority of whom (13/21; 62%) played solely at amateur
level. Among cases with CTE, 14 were typical of low-stage
CTE pathology, 7 high stage [1]. No notable differences were
observed between players with or without CTE in respect of
age at death, participation in other contact sports, history of
drug or alcohol use disorder, whole brain weight at autopsy,
prevalence of septum pellucidum abnormalities (Table 1) or
wider neuropathologies assessed (Supplementary Table 1).
However, players with CTE typically had longer rugby play-
ing careers than those without CTE. Indeed, adjusted for age
at death, a dose—response relationship was evident between
career length and the presence of CTE at autopsy, with each
additional year of play associated with an approximately
14% increase in CTE risk (relative risk ratio 1.138; 95%
confidence interval 1.015-1.277; P=0.027; multinomial
logistic regression). While history of TBI with loss of con-
sciousness and/or concussion was common among cases
with CTE, this was not significantly different to prevalence
among cases without CTE.

An acknowledged limitation of this study is that our case
series represents a convenience sample of brains donated for
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research evaluation. Nevertheless, our observation that CTE
pathology is present in around two-thirds of former rugby
union players examined is in line with experience reporting
neuropathological findings in other series of former con-
tact sports athletes, including former American footballers
and soccer players [7, 13]. Notably, a majority of our cases
played solely at amateur level, including those with CTE.
First played in the nineteenth century, rugby remained an
amateur sport until 1995 when professionalism was permit-
ted. With an average age among our cohort around 60 years,
it is perhaps not surprising that the majority are defined as
amateur. Intriguingly, some observers suggest that contact
sport-related late adverse brain health outcomes might be
restricted solely to professional athletes [5]. In respect of
CTE, at least, our data suggest that level of participation
does not protect against development of this neurodegenera-
tive pathology.

In contrast, among this case series, there was clear asso-
ciation between length of rugby playing career and risk of
CTE, which was independent of age at death. Again, this is
in line with observations among several contact sports dem-
onstrating longer playing careers associated with increased
risk of a neurodegenerative disease diagnosis [3, 16] and,
independently, with increased risk of CTE pathology [6, 10].
These data would be consistent with risk resulting from
cumulative exposure to a factor associated with sport. To
date, the only recognized risk factor for development of CTE
is TBI and/or RHI exposure. Rugby union is recognized as
having a notably high risk of concussion compared to wider
contact sports [19], with risk at professional level increasing
over the past 20 years [4].

In summary, in this convenience sample of research brain
donations from former rugby union players, we found clear
evidence of CTE pathology in around two-thirds of cases.
Further, risk of CTE was directly associated with length of
rugby playing career, interpreted as a surrogate for head
impact exposure. These data reinforce concern around
adverse brain health outcomes among former contact sports
athletes and add to evidence in support of calls to reduce
exposure to repetitive head impacts and risk of traumatic
brain injury in training and in match play across all sports.
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Ta!ale 1 Demographic z.md CTE No CTE P
primary neuropathological N=21 N=10
findings
Demographic information
Mean age at death 61.7 years 57.8 years 0.710*
(standard deviation) [range] (17.5)[23-94] (29.7)[17-95]
Sex NA
Male 21 9
Female 0 1
Years rugby participation 21.5 years 12.1 years 0.031%*
(standard deviation) [range] (8.1)[8-35} (10.9)[2-15]
Position NA
Unknown 8
Forward 1
Back 1
Highest participation level NA
Amateur 13 10
Elite 8 0
Other contact sports 1.000%*
None 12 6
American football 5 2
Boxing 3 0
Soccer 2 1
Ice Hockey 2 0
Rugby league 1 0
Wrestling 0 1
TBI with LOC and/or concussion 0.083%%*
Unknown 0
None 5
Yes 16
Alcohol use disorder 1.000%*
Unknown 5 4
No 9 4
Yes 7 2
Drug use disorder 0.120%*
Unknown 6 4
No 12 2
Yes 3 4
Neuropathology findings
Mean brain weight 1353 g 1321¢g 0.677*
(standard deviation)[range] (208 2)[1030-1680 g] (186 g) [1060-1449 ¢g]
Septum pellucidum 0.422%%*
Not available 1
Intact 7 5
Cavum/fenestrated 13 4
CTE NA
None 0 10
Low stage 14
High stage 7 0

CTE chronic traumatic encephalopathy, LOC loss of consciousness, NA not assessed as data insufficient
and/or inappropriate for analysis, 7B/ traumatic brain injury. *Student’s ¢ test. **Fisher’s exact with data
dichotomized as feature present versus absent
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00401-023-02644-3.
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