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ABSTRACT

There is increasing interest in the potential long-term
outcomes of participation in contact and collision sports,
driven by evidence of higher rates of neurodegenerative
diseases among former athletes. Recent research has
capitalised on large-scale administrative health data

to examine health outcomes in contact sport athletes.
However, there is limited research on outcomes
associated with participation in rugby union, a contact
sport with a relatively high incidence of head trauma

and musculoskeletal injuries. Additionally, there is scope
to investigate a greater range of health outcomes using
large, population-based administrative data. The Kumanu
Tangata project is a retrospective cohort study that will use
linked information from the New Zealand Rugby Register
and health records within a comprehensive deidentified
whole-population administrative research database
known as the Integrated Data Infrastructure. First-class
male rugby union players (N=13227) will be compared
with a general population comparison group (N=2 438
484; weighting will be applied due to demographic
differences) on a range of mortality and morbidity
outcomes (neurodegenerative diseases, musculoskeletal
conditions, chronic physical conditions, mental health
outcomes). A range of player-specific variables will also be
investigated as risk factors. Analyses will consist primarily
of Cox proportional hazards models. Ethics approval for the
study has been granted by the Auckland Health Research
Ethics Committee (Ref. AH23203). Primary research
dissemination will be via peer-reviewed journal articles.

INTRODUCTION

The long-term health effects of partici-
pating in physical contact or collision sports
(‘contact sports’), particularly various forms
of football, have become a key focus in sports
health research. When compared with those
taking part in non-contact sports, participants
in contact sports tend to report a high inci-
dence of head trauma, such as concussions.

8 Craig Wright,® Ken Quarrie'®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous research has highlighted a higher risk of
neurodegenerative diseases in contact sport ath-
letes, though there have been limited insights into
rugby union and a narrow focus on specific health

outcomes.
WHAT THIS STUDY ADDS
= By using New Zealand’s Integrated Data

Infrastructure, this protocol proposes a longitudinal
examination of a comprehensive range of health
outcomes (mortality, neurodegenerative diseases,
musculoskeletal conditions, chronic physical con-
ditions, mental health outcomes) in high-level male
rugby players, comparing them to a general popu-
lation cohort. The large sample size increases the
study’s statistical power to detect effects more ef-
fectively than previous research in the field.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Findings from a large-scale, retrospective study of
this nature could influence future health policies and
athlete care strategies in contact sports, particular-
ly in mitigating health risks associated with rugby
union.

The significance of this issue is highlighted by
the identification of traumatic brain injuries
(TBI) as a potentially modifiable risk factor
for dementia.? In addition, postmortem exam-
inations have revealed evidence of chronic
traumatic  encephalopathy  neuropatho-
logical change (CTE-NC) in the brains of
former athletes,3 * with associations observed
between CTE-NC and repetitive head impacts
in contact sports.” Although questions remain
about the clinical significance of CTE-NC,°
these findings have led to increasing atten-
tion, both in scientific publications”™ and in
books and media reports,” '’ of the potential
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long-term impacts of mild TBI and repetitive head accel-
eration events resulting from exposure to contact sports.

Consequently, much of the research on health
outcomes linked to participation in contact sports has
focused on neurodegenerative diseases. Recent system-
atic reviews and meta-analyses have indicated an increased
risk of neurodegenerative diseases and mortality
attributed to neurodegenerative diseases, particularly in
professional-level contact sport athletes.”” ' In studies
using large-scale administrative data, higher mortality
from neurodegenerative diseases has been reported in
professional association football players'®"® and former
National Football League athletes'® '” when compared
with the general population.

There have also been concerns regarding the mental
health outcomes of contact sport athletes, partly due
to neuropsychiatric presentations such as depression
and suicide that are believed to be associated with CTE-
NC."** However, emerging literature using linked
administrative health records has challenged this idea.
In cohorts of Finnish contact sport athletes®' and profes-
sional Scottish' and elite Swedish®* ** football players,
athletes were shown to have no increased risk, and
possibly even a reduced risk, of mood and substance use
disorders as well as suicide relative to the general popu-
lation.

It is also important to acknowledge the many health-
related benefits linked to participation in physical
activity, including improved cardiovascular health and
increased longevity.”* ® A meta-analysis on studies of
former elite athletes reported increased longevity and
a reduced incidence of cardiovascular disease (CVD)
and cancer mortality in athletes relative to the general
population, though this study did not examine contact
sport athletes exclusively.”” Studies reported above that
demonstrated an increased risk of neurodegenerative
disease mortality in professional athletes have also indi-
cated lower all-cause mortality in players when compared
with the general population.'*™'® Therefore, this research
suggests that contact sports may increase an athlete’s
risk of neurodegenerative disease mortality but may also
protect against all-cause mortality and other chronic
physical health conditions such as CVD.

Longitudinal studies on outcomes in team-based
contact sports have largely been conducted in cohorts
of elite or professional associations or American football
players, and questions remain about whether results can
be extended to other contact sports. One sport in which
we may expect to see long-term health consequences is
rugby union, a popular contact sport with a relatively
high incidence of head trauma.' ** A 2018 meta-analysis
of 47 studies on head injuries in amateur and profes-
sional contact sport athletes reported that rugby had
the highest concussion incidence (3.89 concussions per
1000 hours) when compared with association football,
ice hockey and American football." A more recent meta-
analysis of studies published from 2012 to 2020 focusing
only on elite men’s rugby union players reported an even

higher match concussion incidence rate of 12 per 1000
hours.”® The physically demanding nature of the sport
also results in a relatively high incidence of a range of
other injuries among players relative to participants in
non-contact team sports, with musculoskeletal injuries
being one of the most prevalent injury types reported at
a professional level.”

Results from a single longitudinal study using admin-
istrative data to investigate mortality outcomes in former
elite Scottish international rugby players® were similar to
those reported with other contact sports. Specifically, the
study by Russell et al observed that while all-cause mortality
was similar between the players and a general population
comparison group—in fact, rugby players were less likely
to die before the age of 70—the risk of dying with a neuro-
degenerative disease was higher among rugby players, as
was the risk of developing a neurodegenerative disease.
A much earlier study on the longevity of representatives
of New Zealand’s (NZ) national male rugby team, the All
Blacks, found no difference in life expectancy between
rugby players and the general population.®

Cross-sectional research on the health outcomes of
rugby union players has reported that higher proportions
of former elite rugby players have osteoarthritis.”’ *' In
another cross-sectional NZ study, amateur and elite rugby
players were more likely to engage in hazardous drinking
of alcohol than former non-contact sport athletes, but
few differences were observed between the groups in
terms of current self-reported mood, other substance
use and general physical and psychological health.”” A
systematic review published in 2018 concluded that the
evidence regarding self-reported concussion, mood and
cognitive outcomes among former elite rugby players
internationally is equivocal.”

To understand the link between participation in
contact sports and long-term health outcomes, there is a
need for large-scale longitudinal research. While several
studies have used administrative data to examine health
outcomes in contact sport athletes relative to the general
population, many of these studies lack a sample size
large enough to examine health outcomes with low prev-
alence (eg, specific neurodegenerative diseases). The
current study aims to address this gap by using a whole
population data resource from NZ—the Integrated Data
Infrastructure (IDI)** *—to investigate a wider range of
health outcomes with considerably larger sample sizes
than the studies conducted to date.

The IDI is a population-based linked administrative
database maintained by the national statistical agency
of NZ, Statistics NZ, which is made available to research
under strict access conditions designed to maintain the
confidentiality of the data.”* The IDI contains deidentified
data on individuals derived from various governmental
sectors and other sources, including comprehensive
health data from Manati Hauora, the NZ Ministry of
Health and data on male first-class rugby players from
the NZ Rugby Register. Compiled by NZ rugby historian
Clive Akers, the NZ Rugby Register contains a list of NZs
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who played rugby at a first-class (provincial or higher)
level and were active between 1870 and 2015.” Details
for each player include date of birth, the number of first-
class matches played for NZ teams and the years in which
the individual was active in play at a first-class level.

To address gaps in knowledge regarding the health
impacts of playing high-level rugby, our team of
researchers will use data from the NZ Rugby Register
within the IDI to develop the Kumanu Tangata project.
The project will investigate the development of health
outcomes in representative male rugby players relative
to a population-based comparison group. Outcomes
will include all-cause and cause-specific mortality,
neurodegenerative disease, mental health diagnoses,
musculoskeletal outcomes and other chronic phys-
ical health conditions such as CVD. This selection was
based on previously cited studies that have observed an
association between participation in contact sports and
these outcomes. The project name ‘Kumanu Tangata’
was graciously gifted to our project by Maori Kaumatua
(respectable indigenous NZ elder), Luke Crawford, a
Maori advisor for NZ Rugby. This name embodies the
concept of combining multiple data threads to care for
players, aligning with our study’s goal to explore what lies
beyond a professional sporting career.

METHODS AND ANALYSIS

The Integrated Data Infrastructure

As a whole-population, deidentified research database,
the IDI contains a central concordance table known as
the IDI ‘spine’, which comprises an ever-resident NZ
population based on tax records (from 1999), birth
records (from 1920) and long-term visas (from 1997).%7
Data tables supplied by government and non-government
agencies are probabilistically linked to the spine by Statis-
tics NZ.*

Cohort identification

Rugby players

Name, sex and date of birth information for individ-
uals in the NZ Rugby Register were used by Statistics NZ
to enable linkage to the IDI spine. Following linkage,
data from the Rugby Register were stripped of identi-
fying information before access was made available to
approved researchers. A total of n=16101 records for
male, first-class players active between 1950 and 2000
were submitted to Statistics NZ for linkage to the IDI by
NZ Rugby, and accurate linkage was achieved for 13800
(85.7%) players.*

Additional exclusion criteria were applied to derive an
analysis cohort for the proposed study, as described in
figure 1. First, individuals born before 1920 (based on
year of birth from the Rugby Register), the earliest year
containing reliable date of birth information in the IDI,
and any players who ceased their playing career before
1950 but were provided in error were excluded. Second,
to exclude cases with possible linkage errors, we excluded
players who were classified as female in the IDI’s ‘Personal

16,101 players in the Rugby
Register

2,301 players without unique
links or near-exact matches

v
13,800 players with initial
satisfactory linkage to IDI spine

96 players born prior to 1920 or
finished playing prior to 1950

13,704 players born 1920
onwards or active from 1950

72 players with incorrect sex or
birth year mismatches

13,632 players with sex and birth
year aligned

246 players under 18 years in
final year active

13,386 players aged 18 years or
older in final year active

159 players died or left the
country prior to 30t birthday

v

13,227 players in final sample

Figure 1 Flow chart demonstrating exclusion criteria
applied to players. All counts have been random rounded
to base 3, per the reporting requirements of Statistics New
Zealand.

Details’ table (the primary demographics table) or who
had birth years that were discrepant by greater than 1
year between the Personal Details table and the Rugby
Register. Third, we only included players aged at least 18
years in their final year playing first-class rugby (based
on final-year active data in the Rugby Register). Finally,
all individuals who were deceased (based on the date of
death from Personal Details) or left the country (based
on the IDI’s ‘Person Overseas Spell’ table) before their
30th birthday were excluded to allow for most players
to have finished their high-level rugby career while also
providing time for the development of most chronic
health issues. The final rugby cohort consisted of 13227
players (82.2% of the original register), all born between
1920 and 1984.

Descriptive statistics on variables from the Rugby
Register for the original 16101 players provided to Statis-
tics NZ and the final cohort of 13227 are provided in
table 1. The distributions of total years active, number
of career matches, player position and level of play were
similar across the original and final cohorts.

General population

To align with players, the general population comparison
group comprised all males born between 1920 and 1984
who were part of NZ’s ever-resident population (ie, in the
IDI spine), were alive and in the country at the age of 30,
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Table 1 Characteristics of rugby players in the original
cohort and the final cohort

Original cohort Final cohort
(N=16101) n (%) (N=13227) n (%)

Total years active
1
2-3
4-6
7-10
>10

Total no of career
matches

1-2

3-10

11-25

26-50

51-100

>100

Missing
Player position

Back*

Centre

First 5th-8th

5th-8th

Flanker

Forward*

Fullback

Halfback

Hooker

Lock

Loose forward

Midfield

No 8

Prop

Second 5th-8th

Three-quarter

Wing

Missing

Level of rugby played

International/
professional

Amateur/provincial

5922 (36.8)
3141 (19.5)
3069 (19.1)
2625 (16.3)

(8.

5
)
3
1344 (8.3)

75 (0.5)
513 (3.2)
438 (2.7)
1047 (8.5)
1356 (8.4)
564 (3.5)
933 (5.8)
1134 (7.0)
831 (5.2)
1548 (9.6)
429 (2.7)
357 (2.2)
408 (2.5)
1473 (9.1)
324 (2.0)
483 (3.0)
2211 (13.7)
1983 (12.3)

822 (5.1)

15282 (94.9)

4428 (33.5)
2646 (20.0)
2670 (20.2)
2334 (17.6)
@8

1149 (8.7)

3228 (24.4)
3579 (27.1)
2472 (18.7)
1761 (13.3)
1338 (10.1)
714 (5.4)
135 (1.0)

57 (0.4)
399 (3.0)
372 (2.8)
891 (6.7)

456 (3.
795 (6.
942 (7.
690 (5.2
1272 (9.6)
378 (2.9)
315 (2.4)
321 (2.4)
1164 (8.8)
264 (2.0)
408 (3.1)
1785 (13.5)
1626 (12.3)

)
)
)
)

744 (5.6)

12483 (94.4)

*For some players, positions were not specified beyond forward

or back.

and who were not in the ‘rugby players’ group (n=2 438

484).

Because the everresident population in the IDI
includes all those who have arrived in NZ on a long-term

3

visa since 1997 and those who have paid tax in NZ since
1999, it is more likely to include individuals who are
younger, more ethnically diverse and born overseas. This
is demonstrated in table 2 (middle column). Players were
more likely to be of European and Maori ethnicity and less
likely to identify with Pacific, Asian, and Middle Eastern,
Latin American and African (MELAA) ethnicities than
the comparison group. Players also had a greater propor-
tion in older birth cohorts than younger birth cohorts
and were predominantly NZ-born.

Mortality outcomes vary by ethnicity and migrant
status in NZ.* Additionally, older individuals will have
an increased risk and shorter time for certain health
outcomes, such as mortality and neurodegenerative
diseases. Therefore, it is important to adjust for the
differential age, ethnic and overseas-born composition
of the two groups. To control for demographic differ-
ences between players and the comparison group, we
used direct standardisation to weight the non-players to
match that of the players (the standardised population)
by total response ethnicity, birth year (5-year bands from
1920-1924 to 1980-1984) and overseas-born status, using
the psmatch2 command in Stata (V.16.0). This achieves a
one-to-many match between players and non-players for
all ethnicity by birth year by overseas-born strata.

Weighted descriptives for non-players demonstrate
that after weighting, the sociodemographic composition
among players and the comparison group is almost iden-
tical (table 2, rightmost column).

Outcome variables and data sources

Mortality outcomes

We will investigate both all-cause and cause-specific
mortality. Cause-specific mortality will include death due
to neurodegenerative disease (any, Alzheimer’s disease,
other dementias, Parkinson’s disease, motor neuron
disease), CVD, cancer, suicide and substance use-related
deaths (including alcohol-related deaths). Two sources
from the IDI will be used to determine mortality infor-
mation: the Personal Details table and the Ministry of
Health Mortality Collection. The date of death in the
Personal Details table is specifically sourced from both
the DIA Death Registrations and the Ministry of Health
Mortality Collection, with dates reliably available for full
calendar years from 1920.

The Ministry of Health Mortality Collection has date
and cause of death information for deaths from 1988
to 2018. The lag in data availability for these records is
due to the timeframe required for the coronial process
regarding the cause of death.”! For deaths before July
1999, the cause can be determined using codes from the
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM). For deaths occurring
from July 1999 onwards, the cause of death was coded
using the ICD and Related Health Problems, 10th Revi-
sion, Australian Modification (ICD-10-AM).

All-cause mortality will be identified for our analyses
using recorded deaths within the personal details table

4
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Table 2 Sociodemographic characteristics of rugby players and general population males in the study cohort

Unweighted general
population males (N=2438  Weighted general population males

Players (N=13227) n (%) 484) n (%)

(N=2 438 484) n (%)

Ethnicity
European 10425 (78.8) 1466574 (60.1) 1921917 (78.8)
Maori 2424 (18.3) 231780 (9.5) 446880 (18.3)
Pasifika 483 (3.7) 122685 (5.0) 89229 (3.7)
Asian 39 (0.3) 73371 (3.0) 7374 (0.3)
MELAA 102 (0.8) 40917 (1.7) 18117 (0.7)
Other 267 (2.0) 48324 (2.0) 40737 (1.7)

NZ-born status
NZ born 12564 (95.0) 1435932 (58.9) 2316441 (95.0)
Overseas born 660 (5.0) 1002552 (41.1) 122043 (5.0)

Birth year
1920-1924 444 (3.4) 97848 (4.0) 81672 (3.3)
1925-1929 1029 (7.8) 101796 (4.2) 189885 (7.8)
1930-1934 1356 (10.3) 104571 (4.3) 250356 (10.3)
1935-1939 1206 (9.1) 109809 (4.5) 221964 (9.1)
1940-1944 1227 (9.3) 141642 (5.8) 226392 (9.3)
1945-1949 1323 (10.0) 177291 (7.3) 243906 (10.0)
1950-1954 1185 (9.0) 202284 (8.3) 218277 (9.0)
1955-1959 1119 (8.5) 238455 (9.8) 205926 (8.4)
1960-1964 1209 (9.1) 299589 (12.3) 223071 (9.1)
1965-1969 1152 (8.7) 276978 (11.4) 212565 (8.7)
1970-1974 1146 (8.7) 300720 (12.3) 210903 (8.6)
1975-1979 753 (5.7) 229638 (9.4) 139191 (5.7)
1980-1984 78 (0.6) 157866 (6.5) 14379 (0.6)

All counts have been random rounded to base 3, per the reporting requirements of Statistics NZ. ‘Total response’ ethnicity is reported, which
allows individuals to identify with more than one ethnic identity, which is common in NZ.%°

MELAA, Middle Eastern, Latin American or African; NZ, New Zealand.

to allow for a wider observation window for investigating
our outcome. Cause-specific mortality will be identified
using recorded deaths within the mortality collection,
but only events from 1988 will be coded. All contributing
diagnosis codes (not just primary diagnosis) will be used
to determine the cause of death to increase case identi-
fication. Due to data availability, study cohort members
who died or left the country before 1988 (when mortality
collection records were available) will be excluded from
cause-specific mortality analyses.

Morbidity outcomes

Morbidity outcomes in the current study will include
neurodegenerative diseases (any, Alzheimer’s disease,
other dementias, Parkinson’s disease, motor neuron
disease), musculoskeletal conditions, chronic conditions
(CVD, cancer, diabetes) and mental health outcomes
(any, substance use disorders, psychotic disorders, mood
disorders, neurotic disorders, physiological-disturbance

disorders, personality disorders, behavioural disor-
ders, unspecified). The primary sources for identifying
morbidity outcomes will include the National Minimum
Dataset (NMDS) and the mortality collection. The
NMDS contains information on all publicly funded
hospital admissions in NZ for the full calendar year from
1988. Like the mortality collection, the NMDS used the
ICD-9-CM for admissions before July 1999 and the ICD-
10-AM for admissions after this date. All contributing
diagnosis codes (not just primary diagnosis) will be used
to determine morbidity outcomes. As NMDS data are
only available from 1988, analyses using hospitalisation
records will exclude study cohort members who died or
left the country before this date.

Where appropriate, community pharmaceutical
dispensing data from the pharmaceutical collec-
tion will also be used to identify cases for morbidity
outcomes. These data contain information for all
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government-subsidised pharmaceuticals dispensed, with
reliable data available for full calendar years from 2007.*
Pharmaceutical codes such as chemical and formulation
IDs can identify specific types of dispensed medications.
Pharmaceutical data will be used for case identifica-
tion only when a particular type of medication is used
exclusively or predominantly to treat an outcome of
interest, consistent with previous studies using IDI data
to identify specific health outcomes.***" However, as it
is impossible to determine why an individual received a
particular medication, we cannot rule out the possibility
that a medication was dispensed for a condition sepa-
rate from our outcome of interest. Pharmaceutical data
are also unavailable from 1988 to 2006, while hospital-
isation records are available. As such, all analyses will be
conducted including and excluding pharmaceuticals, to
determine if associations still hold.

Planned statistical analysis

Full population analyses

Weighted Cox proportional models estimating HRs will
be conducted for each mortality and morbidity outcome,
comparing players to the general population comparison
group. Proportional hazard assumption tests and an eval-
uation of competing risks will be conducted.

Power calculations were conducted to estimate the
effect size (HR estimate) able to be detected with 80%
power, given the sample size and estimated prevalences
of exposures and outcomes. For full population analyses
comparing players to non-players, we can detect an HR
of 1.05 for all-cause mortality.’ HRs can be detected for
cause-specific mortality ranging from 1.08 for the most
common outcome (cardiovascular-related death; esti-
mated prevalence 9.6%") to 1.34 for the rarest outcome
(suicide; 0.7%"). For morbidity outcomes, we can detect
HRs ranging from 1.07 for the most common outcome
(diabetes; 14.5%") to 1.19 for the rarest outcome (neuro-
degenerative diseases; 2.0%").

Rugby-specific analyses

Variables of interest for the rugby-specific analyses will
include player position (forward or back; see details of
recoding below), exposure to the sport (total numbers of
years active and career matches played), and an indicator

'[1]Estimated for mortality by 2018 from New Zealand cohort life tables
for males 1921-1981 (https://www.stats.govt.nz/information-releases/
new-zealand-cohort-life-tables-march-2020-update/), given the preva-
lence of birth year in our sample (table 2), and assuming 10% of deaths
occur overseas so will be missed.

i[9]Estimated as fraction of total deaths 2011-2018, from https://
tewhatuora.shinyapps.io/mortality-web-tool/

iii[3]Estimated as 2.4% of all male deaths, see https://mentalhealth.
org.nz/suicide-prevention/statistics-on-suicide-in-new-zealand
V[4]Estimated from Virtual Diabetes Register, see https://www.
tewhatuora.govt.nz/our-health-system/data-and-statistics /virtual-di-
abetes-tool/#:~:text=and % 20age % 20group.-,Key%20findings % 20
from%20the %202021%20Virtual%20Diabetes % 20Register, % 2C %20
41.7) %20per%201000%20population.

V[5]Estimated from™®®

of the level of rugby played (international/professional
level vs amateur representative level). Positions from
the Rugby Register recoded as forwards are: forward;
loosehead prop; hooker; tight head prop; left lock; right
lock; left flanker; right flanker; number eight. Positions
recoded as backs are: back; scrum-half; fly half; left wing;
left centre; right centre; right wing and full back.

Four Cox proportion hazard analyses will be conducted
for each outcome, corresponding to each of the rugby-
specific predictor variables stated above. All models will
adjust for birth year, dummy-coded ethnicity variables
and NZ-born status.

Power calculations were conducted to estimate the
effect size (HR estimate) able to be detected with 80%
power, given the sample size and estimated prevalences
of exposures and outcomes. To demonstrate the range
of effect sizes able to be detected, we will report results
for our most common exposure (player position, catego-
rised into forward (47.1%) and back (40.6%) and our
rarest exposure (level of play, see table 1). For all-cause
mortality, we can detect an HR of 1.09 for player position
and 1.21 for level of play. When comparing forwards and
backs on cause-specific mortality, we can detect an HR of
1.17 for cardiovascular-related death and 1.81 for suicide.
When comparing the level of play categories, power
calculations place our detectable HRs at 1.39 and 3.40
for cardiovascular-related death and suicide, respectively.
For the most common morbidity outcome, diabetes,
detectable HRs are 1.14 for player position analyses and
1.31 for level of play. For the rarest morbidity outcome,
neurodegenerative diseases, detectable HRs are 1.42 for
player position and 2.06 for level of play.

Patient and public involvement
There was no direct patient or public involvement in the
development of the Kumanu Tangata study protocol.

DISCUSSION AND DISSEMINATION

The Kumanu Tangata project will be the largest study yet
undertaken investigating health outcomes in high-level
male rugby players. Linkage to the IDI, a world-leading
population-based administrative research database, allows
for longitudinal follow-up, ascertainment of a range of
health outcomes in administrative data and comparison
to a general population weighted to match key character-
istics of players. The study will provide important insights
into the long-term outcomes of playing high-level rugby
union and further our understanding of the benefits and
risks of playing contact and collision sports at a first-class
level.

As the study will employ secondary data analysis, indi-
vidual consent from cohort members is not required. The
study has also undergone independent review by experts
in sports injury epidemiology as a part of the funding
process. Statistics NZ has approved the use of the IDI for
this project (ref MAA2016-21). As part of granting access
to the IDI, Statistics NZ reviewed the study to ensure that
it meets its ‘Five Safes’ policy relating to data privacy.*®
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This policy requires that (1) Data can only be accessed by
researchers who have undergone confidentiality training
by Statistics NZ, signed a declaration of secrecy under
the Statistics Act 1975 and signed a contract agreeing to
follow the rules and protocols established by Statistics
NZ (‘safe people’); (2) The project is considered bene-
ficial to the public (‘safe project’); (3) Data are accessed
within a secure Datalab environment that only approved
researchers can access (‘safe settings’); (4) Only deiden-
tified data necessary for the project aims are provided
to researchers (‘safe data’) and (5) All data and results
produced are confidentialised according to Statistics
NZ protocols and have undergone checking by Statistics
NZ before being shared outside of the secure Datalab
environment (‘safe output’). Privacy impact assessments
conducted by Statistics NZ have also indicated a low
risk of privacy breaches.”’ Statistics NZ has conducted a
privacy impact assessment for the inclusion of data from
the NZ Rugby Register into the IDI and concluded that
benefits outweigh potential risks.”

The research team has a history of producing robust,
high-impact research using IDI data.**® Therefore, we
anticipate this study will produce several manuscripts
targeted towards high-impact journals. We foresee at
least four peerreviewed journal articles reporting on
the following outcomes: (1) all-cause and cause-specific
mortality; (2) morbidity due to neurodegenerative
disease; (3) morbidity due to other physical health
outcomes (CVD, musculoskeletal conditions, cancer)
and (4) morbidity related to mental health conditions.
The Strengthening of Observational Studies in Epide-
miology (STROBE) guidelines,”" as well as the STROBE
Extension for Sports Injury and Illness Surveillance
(STROBE),*? will be used to guide the dissemination of
findings in journal articles. Results will also be shared
with key stakeholders and study funders, including NZ
Rugby, the NZ Rugby Foundation and World Rugby. We
also anticipate sharing preliminary findings at appro-
priate scientific meetings and conferences.

The current study possesses some limitations. First,
we do not have access to some key confounders related
to health outcomes, such as weight or body mass index,
family health history, socioeconomic status and other life-
style risk factors (eg, alcohol and drug use). Second, we
cannot measure direct exposures, such as head impacts
and collisions, that might mediate associations between
rugby playing and health outcomes. Third, we do not
have information on and are, therefore, unable to accu-
rately adjust for, the sporting history of our comparison
group, which will include individuals who participated in
lower-level rugby or other contact and collision sports.
Fourth, the Rugby Register data in the IDI only contains
information on male first-class rugby players. Therefore,
our findings may not reflect health outcomes for female
rugby players.

Finally, we are limited to primarily hospitalisation and
mortality records, and to some extent, pharmaceutical
dispensing, for identifying the health outcomes of interest

in our cohort. We cannot access detailed primary health
information, where milder cases may be captured. As
such, our sample is likely to be biased towards those with
more severe impairments in relation to our outcomes of
interest. Furthermore, our outcome identification will be
based on individuals seeking services or receiving treat-
ment, who may be sociodemographically different from
those who do not access these services.”” This has been
observed in previous research where women screened
for prenatal depression were socioeconomically and
ethnically different from those accessing pharmacolog-
ical treatment for depression.” In addition, we cannot
ascertain CTE-NC in these records, an outcome of consid-
erable interest in contact sport research. CTE-NC can
only be identified postmortem and attempts to identify it
have not been performed as part of routine postmortem
examinations. Additionally, diagnostic codes do not exist
in the ICD-9-CM or the ICD-10-AM for CTE-NC. These
limitations do not negate the notable strengths of the
Kumanu Tangata project but will be acknowledged in the
interpretation and dissemination of the study’s results.
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