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Abstract

Aim This study investigated differences in cognitive
function between former rugby and non-contact-sport
players, and assessed the association between concussion
history and cognitive function.

Methods Overall, 366 former players (mean + standard
deviation [SD] age 43.3 £ 8.2 years) were recruited from
October 2012 to April 2014. Engagement in sport, general
health, sports injuries and concussion history, and demo-
graphic information were obtained from an online self-re-
port questionnaire. Cognitive functioning was assessed
using the online CNS Vital Signs neuropsychological test
battery. Cohen’s d effect size statistics were calculated for
comparisons across player groups, concussion groups (one
or more self-reported concussions versus no concussions)
and between those groups with CNS Vital Signs age-
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matched norms (US norms). Individual differences within
groups were represented as SDs.

Results The elite-rugby group (n = 103) performed worse
on tests of complex attention, processing speed, executive
functioning, and cognitive flexibility than the non-contact-
sport group (n = 65), and worse than the community-rugby
group (n = 193) on complex attention. The community-
rugby group performed worse than the non-contact group
on executive functioning and cognitive flexibility. Com-
pared with US norms, all three former player groups per-
formed worse on verbal memory and reaction time; rugby
groups performed worse on processing speed, cognitive
flexibility and executive functioning; and the community-
rugby group performed worse on composite memory. The
community-rugby group and non-contact-sport group per-
formed slightly better than US norms on complex attention,
as did the elite-rugby group for motor speed. All three
player groups had greater individual differences than US
norms on composite memory, verbal memory and reaction
time. The elite-rugby group had greater individual differ-
ences on processing speed and complex attention, and the
community-rugby group had greater individual differences
on psychomotor speed and motor speed. The average
number of concussions recalled per player was greater for
elite rugby and community rugby than non-contact sport.
Former players who recalled one or more concussions
(elite rugby, 85 %; community rugby, 77 %; non-contact
sport, 23 %) had worse scores on cognitive flexibility,
executive functioning, and complex attention than players
who did not recall experiencing a concussion.
Conclusions Past participation in rugby or a history of
concussion were associated with small to moderate neu-
rocognitive deficits (as indicated by worse CNS Vital Signs
scores) in athletes post retirement from competitive sport.


http://crossmark.crossref.org/dialog/?doi=10.1007/s40279-016-0608-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40279-016-0608-8&amp;domain=pdf

Key Points

The former elite rugby union player group had
deficits in cognitive functioning relative to the non-
contact-sport player group, as indicated by complex
attention, cognitive flexibility, processing speed and
executive functioning scores using the CNS Vital
Signs test. The former community-rugby group
performed worse than non-contact-sports players on
cognitive flexibility and executive functioning tests.

Community and elite former rugby union players
reported a substantially higher number of
concussions than non-contact-sport players.

The player group who had experienced one or more
concussions had deficits in cognitive flexibility,
complex attention, and executive function relative to
the player group with no history of concussion.

Past participation in rugby or a history of concussion
were associated with small to moderate
neurocognitive deficits (as indicated by worse CNS
Vital Signs scores) in athletes post retirement from
competitive sport.

1 Background

Rugby union is a field-based contact sport with over 7.7
million participants spanning 129 countries. Several vari-
ants of rugby exist, with the most commonly played form
consisting of two teams of 15 players trying to score more
points than the opposition within two continuous 40 min
halves of a match. An additional eight athletes are available
as replacements, giving a total of 23 players per team.
Rugby involves physically challenging activities, including
sprinting, kicking, passing, and tackling.

Concussion is a subset of traumatic brain injury that
occurs when impact forces to the head or body result in
transient changes in neurocognitive functions of the brain.
Concussion can occur when playing/training for rugby as a
result of impacts associated with falls, collisions, tackles,
rucks, or scrums. Concussion symptoms typically include
headache, dizziness, confusion and nausea [1].

Rugby has a high incidence of concussion [2]. Reports
from the Rugby Football Union in England indicate that
concussion is now the most common injury experienced by
professional players, accounting for 12.5 % of all injuries
[3]. In a study [4] of traumatic brain injuries across sports

in New Zealand, rugby (union and league combined) was
the sport linked to the greatest number of brain injuries. A
variety of factors affect reported concussion rates, includ-
ing lack of standardized criteria for recording concussions
for injury surveillance purposes [5, 6] and a lack of dis-
closure of injuries to medical staff by players [7-9].

Concussive head impacts create a cascade of patholog-
ical metabolic changes that may result in a transient decline
in cognitive function, and may potentiate long-term cog-
nitive deficits similar to those associated with the aging
process [10]. Studies across a range of sports have high-
lighted the negative short-term [11] and cumulative neu-
rocognitive [12] effects of head trauma in sport. However,
the possible association between concussion and negative
long-term neuropsychological effects in former adult rugby
players had not been studied at the start of this study.

This RugbyHealth substudy investigated cognitive
functioning of former elite rugby, community rugby and
non-contact-sport players using the CNS Vital Signs (CNS-
VS) test battery. It also explored the effect of concussion
history on neurocognition.

2 Methods
2.1 Study Design and Setting

This was a cross-sectional study of elite and community
rugby players and a non-contact-sport comparison group.
To protect the identity of athletes, the study was completed
anonymously online. Participants gave informed consent
after reading a participant information sheet about the
project.

2.2 Study Participants

Participants were 366 former New Zealand athletes drawn
from three groups: elite rugby (n = 103), community
rugby (n = 198), and non-contact-sport retirees (cricket
and field hockey players; n = 65). They were a self-se-
lected cohort from the larger RugbyHealth project [13] of
485 participants investigating the health of retired rugby
and non-contact-sport athletes who volunteered to partici-
pate in assessment of their neurocognition. Participants in
the larger study were recruited from October 2012 to April
2014 using media reports, word of mouth, flyers, and social
media. Elite rugby players were required to have played at
international or national level, while the community-level
group played at club or regional level. Non-contact-sport
players may have played at any competitive level. All
participants were required to be male, aged 23-72 years
and retired from competitive play. Elite players are what



would now be termed professional players; however, when
many of the older participants in the study played at the
international or national level of rugby, it was still amateur
rugby, given that players were not paid to play.

2.3 Procedures

Information on engagement in sport, sport-related injury
and concussion history, and demographic information was
elicited from an online self-report rugby general health
questionnaire developed for the study, which took
approximately 40 min to complete. This paper provides
data relating to concussions, alcohol use and current
physical health.

A history of concussion was determined by asking
participants several questions about their experiences of
concussion. For example, they were asked how many times
they had sustained a concussion while playing or training
for rugby/hockey/cricket, had been evaluated by a doctor or
other health professional for concussion, had lost con-
sciousness (been ‘knocked out’) or sustained other symp-
toms of concussion, or had never reported their concussion
to medical staff. Concussion was defined as being a blow to
the head followed by a variety of symptoms (loss of con-
sciousness, headache, dizziness, loss of balance, blurred
vision, ‘seeing stars’, feeling in a fog or slowed down,
memory problems, poor concentration, nausea, or throwing
up).

Players were asked to rate their current physical health
as very poor, poor, average, good, or excellent. Alcohol use
was assessed using the Alcohol Use Disorders Identifica-
tion Test (AUDIT) [14], and hazardous drinking was
defined as a score higher than 7 on the AUDIT.

A web link was sent to participants to complete the
online neuropsychological test. Online self-report data
were linked with the neuropsychological test scores by a
unique study registration number.

2.4 Neuropsychological Assessment

Cognitive functioning was assessed using the CNS-VS
neuropsychological online test (CNS-VS; CNS Vital Signs
LLC, Morrisville, NC, USA) [15]. The CNS-VS test bat-
tery includes seven tests assessing functioning across dif-
ferent cognitive domains, including verbal, visual and
composite memory, psychomotor and information pro-
cessing speed, reaction time, executive functioning, motor
speed, cognitive flexibility, simple and complex attention.
Explanations of the domains are provided in the CNS-VS
‘Brief Interpretation Guide’ (see http://www.cnsvitalsigns.
com). For example, complex attention is the “ability to
track and respond to information over lengthy periods of
time and/or perform mental tasks requiring vigilance

quickly and accurately”. Complex attention is important
for self-regulation and behavioural control, e.g. holding
information in the head while performing mental arith-
metic. Executive function is “how well a subject recog-
nizes rules, categories, and manages or navigates rapid
decision making”. Executive function ability is needed to
“sequence tasks and manage multiple tasks simultaneously
as well as tracking and responding to a set of instructions”.
Processing speed is the ability to understand and process
new information quickly. The ability is important for fit-
ness to drive, occupation tasks, and possible danger/risk
signs. Cognitive flexibility is the ability to switch attention
between tasks, e.g. focusing on writing an email then
answering a phone call.

The CNS-VS grades severity of impairment based on an
age-matched normative comparison database [16], given
normal aging affects performance on all CNS-VS tests.
Age-standardised domain scores (standardised to a mean of
100, with a standard deviation [SD] of 15) were calculated
from the American age-matched normative data provided
by the CNS-VS test developers (US norms). The database
of 1650 healthy subjects without head injury, past neuro-
logical or psychiatric disorders, or learning disabilities had
a mean age of 48.7 & 11.1 for the 631 subjects aged
30-69 years. Higher standardised scores reflect higher
levels of cognitive functioning. A threshold score of >110
indicates high function and high capacity, 90-110 repre-
sents normal function and normal capacity, 80-90 repre-
sents slight deficit and slight impairment, 70-79 represents
possible moderate deficit and impairment, and <70 repre-
sents likely deficit and impairment [16]. An evaluation of
the sensitivity and specificity of the CNS-VS test with
identification of the score thresholds that best discriminate
healthy people (normal) from people with mild cognitive
impairment and patients with mild dementia has been
conducted [17]; however, information about misclassifi-
cation rates at the threshold scores does not appear to have
been published. We therefore reported mean and SD values
for the groups and plotted them to indicate the equivalent
effect sizes for deviations from the US norms 100 stan-
dardisation point. The SDs indicate individual differences.

To explore the potential association of concussion his-
tory on cognitive functioning, data from all three former
player groups were combined (due to the low number of
rugby union players experiencing no concussions) and then
separated into those who had experienced one or more
concussions during their playing history and those who had
not experienced any concussions.

2.5 Statistical Analyses

Data were analysed using SAS/STAT version 9.4 (SAS
Institute, Inc., Cary, NC, USA) and customized Microsoft
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Excel spreadsheets (Microsoft Corporation, Redmond,
WA, USA). Cohen’s d effect size statistics were calculated
for comparisons across player groups (elite rugby, com-
munity rugby, non-contact sport), and concussion groups
(one or more self-reported concussions versus no recalled
concussions). Comparisons with both player and concus-
sion groups were also made to the American age-matched
normative data provided by the CNS-VS test developers
(US norms). Effect sizes of 0.20 and above were consid-
ered as showing a difference worthy of consideration. The
following descriptors were used for sizes of effects: trivial,
<0.19; small, 0.20-0.59; moderate, 0.60-1.19; and large
>1.20 [18].

No significant correlations were observed between for-
mer players’ demographic characteristics (e.g. age, edu-
cation level, ethnicity, alcohol use) or sport played/level
with the neuropsychological variables, therefore these
factors were not used as covariates in analyses.

3 Results
3.1 Former-Player Demographics

Of the 485 former players enrolled in the RugbyHealth
project, 366 (75 %) completed the CNS-VS test. The age
range of former players was 29-72 years (mean £ SD age
43.3 £ 8.2 years; 103 elite rugby, 41.3 £ 7.5; 198 com-
munity rugby, 44.9 + 8.4; 65 non-contact sport,
42.1 £ 7.7). Retirement from competitive sport ranged
from a few months to 50+ years.

Characteristics of the former-player group (Table 1)
were similar, except there were fewer non-European par-
ticipants in the non-contact-sport players group. Partici-
pants in the two rugby groups sustained substantially more
concussions per player than the non-contact-sport group
(Table 1). Whereas 84.5 % of elite players reported having
had at least one concussion, the rate among the community
players was 77 %, and 23.1 % among non-contact players.

3.2 Sport Group Differences for Cognitive Function

Table 2 shows CNS-VS scores for each cognitive domain,
with effect size comparisons between the New Zealand
sport groups and the US norms. Positive effect sizes indi-
cate that the sample group performed, on average, better
than the US norms, while those with a negative sign indi-
cate worse performance.

The elite-rugby group performed worse on tests of
complex attention (effect size —0.67, 95 % confidence
interval [CI] —1.07 to —0.26), processing speed (—0.51, —
0.89 to —0.12), executive functioning (—0.41, —0.80 to
—0.02), and cognitive flexibility (—0.37, —0.74 to 0.00)

than the non-contact-sport group, and worse than the
community-rugby group on complex attention (—0.38,
—0.71 to —0.05). The community-rugby group performed
worse than the non-contact group on executive functioning
(—0.51, —0.89 to —0.12) and cognitive flexibility (—0.39,
—0.69 to —0.08).

All three former-player groups performed worse than
the US norms on verbal memory (elite rugby: —0.36,
—0.60 to —0.12; community rugby: —0.54, —0.72 to
—0.36; non-contact sport: —0.39, —0.69 to —0.08) and
reaction time (elite rugby: —0.50, —0.69 to —0.30; com-
munity rugby: —0.61, —0.78 to —0.45; non-contact sport:
—0.73, —0.98 to —0.48) (Fig. 1). Additionally, rugby
groups performed worse on processing speed (elite rugby:
—0.51, —0.75 to —0.26; community rugby: —0.32, —0.48
to —0.17), cognitive flexibility (elite rugby: —0.26, —0.47
to —0.05; community rugby: —0.27, —0.41 to —0.13) and
executive functioning (elite rugby: —0.24, —0.45 to —0.03;
community rugby: —0.23, —0.37 to —0.10) than the US
norms. The community-rugby group performed worse than
the US norms on composite memory (—0.31, —0.48 to
—0.14), while the community-rugby group and the non-con-
tact-sport group performed slightly better than the US norms
on complex attention (community rugby: 0.22, 0.08-0.35;
non-contact sport: 0.40, 0.20-0.60), as did the elite-rugby
group in relation to motor speed (0.38, 0.19-0.57).

All three player groups had greater individual differ-
ences than US norms on composite memory, verbal
memory and reaction time. The elite-rugby group also had
greater individual differences on processing speed and
complex attention, and the community-rugby group had
greater individual differences on psychomotor speed and
motor speed.

3.3 Concussion History Group Differences
for Cognitive Function

The average number of concussions recalled per player was
3.5 £ 2.0 for elite rugby, 2.9 £ 2.2 for community rugby
and 0.4 + 0.8 for non-contact sport. Regardless of sport,
former players who recalled one or more concussions (elite
rugby, 85 %; community rugby, 77 %; non-contact, 23 %)
had worse scores on cognitive flexibility (effect size —0.35,
95 % CI —0.62 to —0.08), executive functioning (—0.27,
—0.54 to —0.01) and complex attention (—0.28, —0.55 to
—0.02) than former players who did not recall experiencing
a concussion (Table 3).

Compared with the US norms, reaction times were
moderately worse for both the ‘no concussion’ group
(—0.63, —0.84 to —0.42) and the ‘one or more concus-
sions’ group (—0.62, —0.77 to —0.48) (Fig. 2). Verbal
memory deficits were also slightly worse for both the no
concussion group (—0.48, —0.75 to —0. 20) and the one or



Table 1 Demographics for the former-player group (elite rugby, community rugby, non-contact sport)

Elite rugby [N = 103]

Community rugby [N = 198] Non-contact sport [N = 65]

Age, years [mean + SD] 413+ 7.5
Years played sport [mean + SD] 23.0 £ 8.1
Concussion history [mean + SD] 3.5+20
Concussion history
None 4 (3.9)
One or more 87 (84.5)
Unknown/missing 12 (11.7)
Ethnicity
European 57 (55.3)
Other 28 (27.2)
Unknown/missing 18 (17.5)
Education level
High school 18 (17.5)
Professional or tertiary 66 (64.1)
Unknown/missing 19 (18.4)
Marital status
Married/living with partner 78 (75.7)
Single/divorced/widowed 6(5.9)
Unknown/missing 19 (18.4)
Current employment
Full or part-time 76 (73.8)
Not in employment 7 (6.8)
Unknown/missing 20 (19.4)
Current alcohol use
High 34 (33.0)
Low 44 (42.7)
Unknown/missing 25 (24.3)
Alcohol AUDIT score [mean £ SD] 6.2 £ 3.7
AUDIT unknown/missing 17 (17)
Current physical health rating
Very poor or poor 1 (1.0)
Average 20 (19.4)
Good or excellent 64 (62.1)
Unknown/missing 18 (17.5)

449 + 8.4 421 +77
22.6 + 8.1 249 + 8.0
29422 04408
33 (16.7) 50 (76.9)
152 (76.8) 15 (23.1)
13 (6.6) 0 (0.0)
134 (67.7) 48 (73.8)
39 (19.7) 7 (10.8)
25 (12.6) 10 (15.4)
51(25.8) 11 (16.9)
122 (61.6) 43 (66.2)
25 (12.6) 11 (16.9)
159 (80.3) 47 (72.3)
13 (6.6) 8 (12.3)
26 (13.1) 10 (15.4)
156 (78.8) 52 (80.0)
18 (9.1) 3 (4.5)
24 (12.1) 10 (15.4)
65 (32.8) 13 (20.0)
102 (51.5) 36 (55.4)
31 (15.7) 16 (24.6)
6.2 + 4.1 55+39
18 (10) 10 (15)
10 (5.1) 1 (1.5)
35 (17.7) 10 (15.4)
130 (65.7) 44 (67.6)
23 (11.6) 10 (15.4)

Data are expressed as n (%) unless otherwise specified

SD standard deviation, AUDIT Alcohol Use Disorders Identification Test

more concussions group (—0.47, —0.64 to —0.31) com-
pared with the US norms. The one or more concussions
group had slightly worse deficits in processing speed
(—0.38, —0.52 to —0.23), composite memory (—0.28,
—0.43 to —0.12), cognitive flexibility (—0.28, —0.42 to
—0.15) and executive functioning (—0.23, —0.36 to —0.09)
compared with the US norms, while the no concussion
group had slightly better performance than the US norms
on motor speed (0.38, 0.18-0.57), complex attention (0.31,
0.15-0.48), visual memory (0.21, 0.00-0.42) and psy-
chomotor speed (0.20, 0.00-0.40).

4 Discussion

The acute and long-term effects of concussive and sub-
concussive head impacts on brain health have gained
attention over recent years [19-22]. Traumatic brain injury
may predispose individuals to early-onset dementia and
cognitive impairment, substance use disorders [23],
depression [24, 25], neurodegenerative disease [26], and
decreased psychomotor function [27, 28]. There is evi-
dence of associations between head trauma and disturbed
motor control [29], such as slowness of movement, inco-
ordination, and impaired motor learning, although no direct
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Fig. 1 CNS-VS scores for each 130
RugbyHealth player group
compared with the US
normative sample and each
other, using Hopkins’ scale of
effect sizes. The US norms
mean score for each
standardised variable was 100,
with an SD of 15. The SD error
bars for the means are bold for
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. 115
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Moderate negative
85

Large negative
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Composite
memory time

causal links have been established to date [30]. A study
examining relationships among concussion history, current
symptoms and cognitive functioning (using the CNS-VS
battery) among currently active soldiers found those with
more previous concussions reported a greater number of
current symptoms; however, no significant differences in
cognitive function were observed between groups [31].

Disturbances to processing speed, memory and execu-
tive function are evident after mild traumatic brain injury,
and can persist for prolonged periods after the initial injury
[32, 33]. Recurrent concussions are suspected of promoting
the development of long-term neurological disorders
[8, 34]. Long-term brain electrophysiological changes in
athletes with a history of multiple concussions [35-38]
have been reported. Brain function decline in healthy
retired athletes 3 decades post-concussion [37], assessed
using neuropsychological and motor indices, has provided
evidence for chronicity of cognitive and motor system
changes consecutive to sports concussion [39].

Injuries have been reported at all levels of rugby, and
there is preliminary evidence of long-term cognitive vul-
nerability in association with school-level participation in
rugby [40]. A study of 27 South African rugby players,
using a different battery of neuropsychological tests than in
our study, showed that rugby players had consistently
worse visuomotor processing speed than 18 age-matched,
non-contact-sports participants [41]. This is consistent with
our finding that rugby players performed worse than non-
contact-sports people on some measures of neurocognitive
function. The South African rugby players did not progress
as well academically as the comparison group [40].

Reaction Psychomotor Complex

Cognitive  Processing Executive Verbal Visual Simple
flexibility speed functioning memory memory  attention

Motor speed
speed attention

Our study provided a snapshot of the current neu-
ropsychological health of former rugby players at elite or
community level, and a comparison group of former non-
contact-sport (cricket and hockey) players. The results
provide evidence about clear small-to-moderate deficits in
neurocognitive functioning for former rugby players and
former athletes who had sustained concussion. The pattern
of CNS-VS scores by group across the domains varied.
There were two measures (cognitive flexibility and exec-
utive functioning) where both the elite and community
rugby athletes were worse than the non-contact controls
(i.e. 2 of 11 measures). In addition, compared with the non-
contact controls, there were deficits for the elite-rugby
group in complex attention and processing speed, and for
the community-rugby group in executive functioning and
cognitive flexibility (i.e. each group had 4 of 11 measures
showing deficits). The test on which all the groups per-
formed worst was reaction time, with trivial differences
across the groups. We found the reaction time scores sur-
prising as we did not expect our participants to perform
worse on that measure than the aged-matched US norms.
We do not have an explanation for why the reaction time
scores were SO poor.

Gualtieri and Johnson [17] indicated that tests which
best discriminated between healthy people and people with
mild cognitive impairment were memory, processing
speed, and cognitive flexibility. We found an association
between concussion history and some measures of cogni-
tive functioning, notably cognitive flexibility, executive
functioning, and complex attention. Given the substantially
greater number of concussions in the rugby groups, these



Table 3 CNS-VS scores, effect sizes and 95 % Cls comparing the concussion history groups with the CNS-VS US normative sample and

against each other

CNS-VS domain

No concussions [n = 87]
mean + SD; effect size
(95 % CI) vs. US norms

One or more concussions
[n = 254] mean + SD; effect
size (95 % CI) vs. US norms

Effect size (95 % CI)
comparisons: one or more

concussions vs. no concussions

Composite memory

Psychomotor speed

Reaction time

Complex attention

Cognitive flexibility

Processing speed

Executive functioning

Verbal memory

Visual memory

Simple attention

Motor speed

98 + 16.3
—0.17 (—=0.41 to 0.08)
103 + 13.8

0.20 (0.00 to 0.40)

91 + 13.1

—0.63 (—0.84 to —0.42)
105 £ 10.8

0.31 (0.15 to 0.48)

99 + 10.5

—0.04 (—0.21 to 0.12)
97 + 145

—0.18 (—=0.39 to 0.03)
99 + 10.4

—0.04 (—0.20 to 0.12)
93 + 17.8

—0.48 (—0.75 to —0.20)
103 + 13.4

0.21 (0.00 to 0.42)

97 £+ 129

—0.17 (—0.38 to 0.04)
106 & 13.5

0.38 (0.18 to 0.57)

96 + 16.3
—0.28 (—0.43 to —0.12)
100 + 15.0

—0.02 (=0.17 to 0.12)
91 + 15.2

—0.62 (—0.77 to —0.48)
102 £ 13.9

0.11 (=0.03 to 0.25)

96 + 13.9

—0.28 (—0.42 to —0.15)
94 + 15.3

—0.38 (—0.52 to —0.23)
97 + 13.3

—0.23 (—0.36 to —0.09)
93 + 17.9

—0.47 (—0.64 to —0.31)
100 + 15.3

0.03 (—0.12 to 0.18)

100 + 10.9

0.02 (—0.10 to 0.13)

103 £ 155

0.19 (0.04 to 0.34)

—0.10 (—=0.35 to 0.14)

—0.24 (=0.49 to 0.01)

0.01 (—0.25 to 0.26)

—0.28 (—0.55 to —0.02)

—0.35 (—0.62 to —0.08)

—0.21 (-0.46 to 0.04)

—0.27 (—0.54 to —0.01)

0.01 (—=0.24 to 0.25)

—0.20 (—0.45 to 0.06)

0.22 (—0.02 to 0.45)

—0.21 (=0.46 to 0.05)

The bold effect size comparison indicates a clear effect, given that the 95 % CI does not pass zero, while the magnitude indicates the strength of

the effect

CNS-VS CNS Vital Signs test, CI confidence interval, SD standard deviation

results reinforce the concern that rugby concussion injuries
may have a long-term impact on neuropsychological
health. The findings are of importance given the long
periods of time (several decades in some instances)
between playing rugby and sustaining concussion and time
of cognitive assessment. Our results support those of De
Beaumont et al. [37] who also reported brain function
decline in healthy retired athletes who sustained their last
sports concussion in early adulthood. In a cross-sectional
study, former professional North American football players
who sustained recurrent mild traumatic brain injury also
showed cumulative effects and late-life cognitive impair-
ment, suggesting increased neurological vulnerability to
head impacts [25, 42].

The question ‘how well did our players perform on the
tests?’ is only interpretable with reference to how people
normally perform on the tests. Although there was a
moderate difference in complex attention between the elite-
rugby group and the non-contact group, the mean score for
the elite players on complex attention was 99, which was

near the US standardised average of 100. The moderate
difference between the New Zealand groups is due to the
non-contact-sports people performing better than the US
standardised average, with a mean score of 106. With the
exceptions of verbal memory and reaction time, the per-
formance of former non-contact players on neurocognitive
function variables was either close to normal levels or
slightly higher than average when compared with the US
sample of age-matched norms [16]. The performance of
rugby players was slightly lower (small to moderate effect
sizes) than the US norms on 5 of 11 measures (cognitive
flexibility, processing speed, executive functioning, reac-
tion time and verbal memory) and an additional measure
for community players (composite memory). The elite
players performed slightly better than the US norms on
motor speed, as did the community players on complex
attention. A normative non-athlete group from New Zeal-
and was not available for comparison. While we have no a
priori reason to expect substantial differences in test battery
scores between Americans and New Zealanders, we do not



Fig. 2 CNS-VS scores for the
no concussion group and the
one or more concussions group
compared with the US
normative sample and each
other, using Hopkins’ scale of
effect sizes. The US norms
mean score for each
standardised variable was 100,
with an SD of 15. The SD error
bars for the means are bold for
no concussions, dashed for one
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know whether standardising the scores of sports people
from New Zealand against the US norms affects the
validity of results. The CNS-VS test is not specific to
athletes [15].

It must be noted that there was greater variability in the
scores of the elite-rugby group on some of the domains
than would be expected by comparison with the normative
data, even though their scores were not greatly different
from the norms overall. For example, the elite-rugby
group’s poor performance on processing speed also showed
higher variability than the US norms, which implies that
while most people performed as might be expected on the
test, there was a higher-than-normal frequency of people in
the tail of the distribution. To establish whether people who
appeared to be performing poorly are actually impaired
would require clinical evaluation, most likely conducted
longitudinally.

The majority of rugby players in our study began
playing senior rugby in 1980-1990. Most elite rugby
players finished playing at an elite level between 1990
and 2000, and most community players finished playing
between 2000 and 2010. The nature of rugby has
changed over time (the modern game has larger, faster,
stronger players, experiencing greater impact forces), as
has awareness of medical issues (such as concussion)
and availability of side-line medical assessment and
better treatment of players’ injuries. Therefore, the nat-
ure of long-term health effects from rugby may change
over time.

Cognitive  Processing Executive Verbal Visual Simple
time attention  flexibility speed  functioning memory memory  attention

Motor speed

4.1 Strengths and Limitations of the Study

This was the first study to describe the long-term neuro-
physiological characteristics of former elite rugby, com-
munity rugby and non-contact-sport athletes in New
Zealand. The inclusion of both elite/professional-level and
community-level players increases the applicability of the
findings to a wide range of retired rugby players. The study
had a large proportion (50.5 %) of retired All Blacks (New
Zealand national rugby team) in the elite rugby sample,
which approximated 10 % of the living former All Blacks.
Our analysis of the demographic characteristics indicated
the groups were similar (except had higher income levels)
to the general population, as determined by the 2006-2013
New Zealand census surveys [43].

Recruitment fell short for both the elite-rugby and non-
contact-sport groups, reducing the statistical power to detect
differences among groups; therefore, the results need to be
interpreted accordingly. Like all studies involving recruitment
of volunteers, the study was subject to non-response bias.

Data on concussion history were obtained from self-
report, thus recall bias is a potential issue. Self-reported
concussion does not necessarily align with medically
diagnosed concussion [44]; however, self-reporting of prior
concussion has been shown to be a reliable ordinal measure
and may reflect some head injuries that were not previously
reported [45, 46]. We did not assess the time since the last
concussion, nor did we assess concussions that were not
related to sport.



The CNS-VS test is not a specific diagnostic tool;
however, computer-based tests of cognition can help to
identify impairment [47, 48] and allow screening to be
conducted in a cost-effective, standardised and time effi-
cient manner across a large population [15]. Discriminant
validity of the CNS-VS test is supported by studies of
patients with mild cognitive impairment and dementia,
post-concussion syndrome and severe traumatic brain
injury, and depression (treated and untreated) [15], and it
has been shown to be a reliable, valid test battery for
cognitive functioning [15]. However, the test does have
some limitations. According to the developers of the test,
the CNS-VS computer-based test “... is not a substitute for
formal neuropsychological testing, it is not diagnostic, and
it will have only a limited role in the medical setting,
absent the active participation of consulting neuropsy-
chologists”. However, the CNS-VS test was the most
suitable tool available for the type of study we conducted.
As the test was self-administered in the home or work
environment, contextual factors that were not controlled
may have affected performance, although this is likely to
be equivalent among the three groups. Education and
special skills may affect CNS-VS test performance [16];
however, our retired-player groups had similar levels of
education therefore we do not believe education level
influenced the results.

The cross-sectional nature of the study limits the ability
to infer causality between rugby/non-contact-sport partici-
pation, concussion and cognitive functioning in later life.
For example, we cannot eliminate the possibility that the
retired player groups may have differed in neurocognition
prior to participation in sport.

4.2 Further Research Questions and Injury Control
Opportunities

This study suggests a number of areas for further research.
Notably, what will be the implications of the observed
differences in test performance at group level for individ-
uals in terms of clinical differences and ongoing neuro-
logical function in their everyday lives? To answer this,
ongoing follow-up of rugby players would be needed.
From an injury prevention standpoint, work on scrums
in New Zealand appears to have been successful in
reducing some neck injuries [49]; however, the tackle is the
phase of play in which most concussions occur. The tackle
is a central element of rugby as a collision sport. We need
to better understand the mechanisms of injury and phases
of play so we can implement further injury prevention
strategies to minimise the risk of injury. A number of
variants of rugby exist. From a public health perspective,
ongoing development and promotion of low-contact forms

of the sport has the potential to provide most of the benefits
of engaging in physical activity while avoiding many of the
injury risks typically associated with participation.

There is a need for increased awareness of the potential
long-term health impact of concussion in rugby and a
culture shift towards taking head impact more seriously.
Several high profile players in New Zealand have retired
from professional rugby due to ongoing symptoms from
having repeated concussions. Improved disclosure of head
injury symptoms is needed if injured players are to receive
diagnostic care and treatment to help mitigate potential
long-term negative effects of concussion [7]. Accelerom-
eter and video systems being trialled in community senior
[50] and junior [51] rugby, may be able to provide data that
will assist with monitoring players for concussion inci-
dence. Additional refinement of concussion management
tools and protocols may have an effect on long-term health
outcomes. For example, the King—Devick test has been
shown to be useful in the management of concussion in
amateur rugby union and rugby league in New Zealand
[52, 53].

This cross-sectional study has highlighted that playing
rugby or sustaining concussions may be linked to worse
cognitive functioning. Further studies examining players
during and after their retirement from competitive sport are
needed to clarify any associations between concussion and
subconcussion exposure (number and severity) with neu-
rocognition and multiple health risk factors. Academic
performance progression in young athletes who have sus-
tained concussion should also be examined.

4.3 Recommendations

Recommendations to address the implications for player
neurocognitive health are as follows.

e Players need to be advised of the potential increased
long-term risk of cognitive impairment from playing
rugby or sustaining concussion so they can make
informed choices about engagement in rugby, and
return to play following injury.

e There is a need for prospective cohort studies of
neurological health in current and former rugby players,
taking into account exposure to concussive and sub-
concussive events.

5 Conclusions

This study provides evidence of small to moderate deficits
in cognitive functioning of former elite and community-
level rugby players in comparison to former non-contact-



sport players, and in former players who have sustained
concussions in comparison to former players who had no
concussions. The rugby community needs to be aware of
the potential risks if players sustain concussion, and ensure
that players gain access to medical support if injury is
suspected. There is a need for further prospective studies of
neurological health in rugby players, taking into account
concussive and subconcussive exposure.
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