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DEFINITIONS

Mild traumatic brain injury (mTBI)

The term mTBI within this dissertation is defined by the World Health Organisation Collaborating Centre for
Neurotrauma Task Force on mTBI* as “an acute brain injury resulting from mechanical energy to the head from
external physical forces. Operational criteria for clinical identification include: (i) 1 or more of the following:
confusion or disorientation, loss of consciousness for 30 minutes or less, post-traumatic amnesia for less than 24
hours, and/or other transient neurological abnormalities such as focal signs, seizure, and intracranial lesion not
requiring surgery; (ii) Glasgow Coma Scale score of 13-15 after 30 minutes post-injury or later upon presentation
for healthcare. These manifestations of mTBI must not be due to drugs, alcohol, medications, caused by other
injuries or treatment for other injuries (e.g., systemic injuries, facial injuries or intubation), caused by other
problems (e.g., psychological trauma, language barrier or coexisting medical conditions) or caused by penetrating
craniocerebral injury.” (p. 140)* The term sport mTBI will be used throughout this paper as reference to hit(s) to

the head or concussion sustained through participation in sport.

Neurocognition
The use of the term neurocognition throughout this dissertation follows the American Psychological Association’s
Dictionary of Psychology definition:? “Cognitive processes or functioning understood in relation to the specific

neural mechanisms by which they occur in the brain and any impairment of these mechanisms.”

Neurodegeneration

The use of the term neurodegeneration and neurodegenerative disease throughout this dissertation follows the
American Psychological Association’s Dictionary of Psychology definition:®> “Any disease characterised by
progressive nervous system dysfunction and loss of neural tissue. Alzheimer’s disease, amyotropic lateral
sclerosis, and Parkinson’s disease are all examples of neurodegenerative diseases. Also called neurodegenerative

disorder.”

Alcohol abuse

The Diagnostic and Statistical Manual of Mental Disorders (DSM-5) defined ‘alcohol abuse’ symptoms and
characteristics as drinking more than intended, not being able to cut down when wanting to, or being sick from
aftereffects of drinking.® ‘Alcohol dependence’ criteria included having drinking interfere with daily life,
engaging in risky behaviours from drinking, having to drink more than usual to feel the effects of alcohol, and

having withdrawal symptoms.*

Heavy drinking & Heavy alcohol use
‘Heavy alcohol use’ is defined by the Substance Abuse and Mental Health Services Administration (SAMHSA)

as “Binge drinking on 5 or more days in the past month”.



‘Heavy drinking’ is defined by the NIAA as “For men, consuming more than 4 drinks on any day or more than

14 drinks per week. For women, consuming more than 3 drinks on any day or more than 7 drinks per week”.



ABSTRACT

Background: It is often argued that the long-term effects observed in athletes who have experienced multiple
mild traumatic brain injuries (mTBI) are due to alcohol rather than the mTBI(s). This systematic review aims to
identify and critique the literature to explore whether alcohol use is a modifier in the clinical presentation of
chronic traumatic encephalopathy (CTE) and cognitive functioning of athletes with a history of mTBI.
Objectives: This systematic review aimed to investigate the evidence surrounding the potential role of alcohol
use on long-term cognitive functioning, neurodegenerative outcomes, and possible increased likelihood of the
post-mortem diagnosis of CTE for athletes with a history of TBI. The review intended to create a greater
understanding of this evidence through the synthesis and quality appraisal of existing knowledge in literature.
Methods: Systematic searches of CINAHL Complete, MEDLINE and SPORTDiscus, Scopus, Web of Science
and PsycINFO databases using keywords related to contact sports, athletes, traumatic brain injury/concussion,
neurodegenerative diseases, and alcohol. The database searches were conducted within the months of June to 11"
November 2021. The databases searched included literature from the 1970s’ until July 2021. To be included in
the review, studies needed to present data on: 1) Sportspeople engaged in at least one competitive season of sport;
2) Alcohol use 3) Include participants with a history of mild traumatic brain injury or repeated head impact
sustained from sports participation; and 4) Include at least one neurocognitive or neuropathological outcome. The
included studies were appraised using the British Medical Journal Appraisal Tool for Cross-Sectional Studies;
containing 20 items surrounding study design, reporting quality, ethical quality and potential conflicts of interest
- the latter of which was highlighted for its importance in the review due to its socio-political context.

Results: Five articles (Bieniek et al., 2020;> Gardner et al., 2017;® Hume et al., 2016;’ Jordan et al., 1996 and
Mathias et al., 2014°) met the inclusion criteria. All five studies had no strong evidence for the role of alcohol as
a modifier for long-term cognitive difficulties or the likelihood of the post-mortem diagnosis of CTE. One study®
showed higher rates of antemortem alcohol use in cases with CTE.

Discussion: Although numerous articles suggested alcohol use as a modifier, a lack of literature in which alcohol
use data were linked with neurocognitive and neurodegenerative outcomes for athletes with a history of TBI was
identified. Interpretations of such data were seldom reported. Of the five included articles, authors found no
differences in measures of depression, anxiety, or cognitive functioning. There was no evidence of alcohol use as
a modifier for tauopathy or increased likelihood of CTE for athlete cases, although one study® found higher rates
of antemortem alcohol use in CTE cases.

Conclusion: There was no conclusive evidence from the literature for the potential role of alcohol use in long-
term cognitive functioning, neurodegenerative outcomes, or possible increased likelihood of the post-mortem

diagnosis of CTE for athletes with a history of TBI.

PROSPERQO registration number: CRD42021250409 (last updated on 21 May 2021).



INTRODUCTION AND RATIONALISATION

“Playing through the pain” of injury is often seen as a sign of strength and commitment in athletes.’ !
This is also influenced by socio-cultural norms and the values of sport.%** Mild traumatic brain injury (mTBI) in
sports has long been recognised as a major concern in sports medicine and public health as greater attention and
understanding of its impacts on sports players is researched and reported.*® Athletes involved in contact sports,
such as American football, soccer, rugby, boxing, wrestling, and hockey, are prone to experiencing multiple mTBI
over their career.’> mTBI are defined as a pathophysiological process in which an impact or force to the head or
body transmitted to the head disrupts brain function.® > A mTBI involves temporary neurological impairments
and symptoms impacting cognitive, behavioural and physical function.® As contact sports have demonstrated a
high risk of mTBI in players, research into the long-term effects of these events on participants’ cognitive
functioning? and brain health, and modifiers of those resulting health outcomes, is important.**** Being informed
about the potential risks for cognitive, neuropsychological, and neuropathological outcomes that implicate on
wellbeing and quality of life post TBI and repeated concussion are integral to enabling athletes in their decision
making. The range of effects of repeated mTBI on mood, mental and emotional wellbeing, cognitive impairment

and brain health can be severe.”®

Cognitive functioning has been defined as “the performance of the mental processes of perception,
learning memory, understanding, awareness, reasoning, judgment, intuition, and language”.? While deficits in
post-exposure cognitive functioning after mTBI are well known, researchers have found evidence for, and against,
the long-term impairment of cognitive functioning.® ** *5 17 Cunningham et al.’s*® review on neurocognitive and
neuropsychological outcomes for retired athletes identified evidence of decreased cognitive performance from
various tests in observed participant groups, when compared with controls. Tests of cognitive functioning covered
aspects of visual and verbal memory, attention, information processing and motor speed.*® However, conclusions
around findings were limited due to possible methodological biases, issues with self-reporting in participants, lack
of control for certain confounding variables (such as musculoskeletal injury). There were no meaningful observed

difference between athletes and population norms.*

Over time, research on the impacts of repetitive mTBI such as those sustained through boxing and
American football have demonstrated the potential for a progressive neurodegenerative disease termed chronic
traumatic encephalopathy (CTE).* CTE was first termed ‘punch drunk’ by Martland® in 1928 and described as
a condition seen in boxers hypothesized to result from repeated punctate, traumatic cerebral hemorrhages due to
asingle mTBI or repeated blows to the head. Gurdjian and Voris®* defined ‘punch-drunk’ as a neuropsychological
disorder presumed to be caused by repeated head injury and noted to be often associated with chronic alcohol use
disorder. Affected boxers were seen to demonstrate episodes of confusion, hand tremors, unsteadiness, and
staggering gait.2’ The severity of these symptoms were like those observed in Parkinson’s disease, referred to by
the author as parkinsonian syndrome.?’ Observations of the steady advancement, progressive nature and

irreversibility of the condition were undertaken and investigations into the pathology of the brain in those people



affected eventuated in terms ‘dementia pugilistica’ and ‘chronic traumatic encephalopathy’ or CTE®* % The

observed relationship between concussion, CTE and contact sports has since remained controversial .’ **

CTE is characterised by a range of pathological, neurocognitive, neuropsychiatric (i.e., mood decline and
motor function), impaired cognitive function (i.e., thinking and problem-solving), and behaviour (i.e., aggression
and suicidality) presentations.* ** 2% % |ijke many other neurodegenerative diseases, CTE can only be
diagnostically confirmed post-mortem through pathological examination of the brain.** % CTE has been identified
in athletes, military personnel and patients with histories of interpersonal or intimate partner violence.'* % CTE
manifests as a tauopathy of the brain and may include cerebral atrophy, fenestration of the septum pellucidum,
tau and neurofibrillary inclusion, depigmented substantial nigra and locus caeruleus, in addition to enlarged

ventricles.?’

How recurring head impact trauma mechanistically results in the tauopathy and its associated clinical
symptomology continues to be investigated. Identification of modifying factors in the disease’s natural history is
a particularly salient area of research.'® Such investigation could well reveal ways that the condition is worsened
or reveal predispositions that could put contact sports player at a higher risk.*® Limitations in the current
knowledge of CTE, and the long-term effects of mTBI have also been suggested by some researchers.> & 2
Understanding the risk and modifying factors for CTE, and broader neurocognitive outcomes that may be
potentially influenced by environmental and behavioural factors, are important in creating a more comprehensive

and complete picture of the condition.?® %

The long-standing question of whether alcohol use is a modifier in the clinical presentation of CTE and
broader cognitive functioning of athletes with a history of mTBI has been pondered by numerous authors** 8 28
%0-32 While highlighted as either a potential confounder, or a factor of interest by these researchers, alcohol use
and alcohol use disorder data in empirical studies have been rarely included as a measure.*? There have been no
shortage of editorials and reviews that have pondered the role alcohol may play in the development of CTE. For

this reason, the paucity of evidence surrounding it is surprising.

The first study®® reporting alcohol use in participants concerning encephalopathy was on boxers.
Johnson® reported that of 17 participants (including four ‘heavy drinkers’ and two ‘compulsive drinkers’), one
participant was observed to have alcohol use as a major etiological factor in the psychosyndrome. There was no
evidence that alcohol was a notable modifier in participant outcomes.* More recent studies have similarly touched
upon alcohol use as a potential confounder. Riley et al.® acknowledged that greater recognition of the confounding
factors for outcomes in brain injury and CTE were needed. This included control for alcohol misuse in relevant
studies.?® Grashow et al.*° illustrated potential modifying factors and outcomes encompassing pre-professional
factors, exposures during their career and post-retirement (long-term) outcomes. Pre-professional factors included
socio-demographic indices, mental health history, initial exposures (e.g., age at playing, sustaining concussion),

game-related exposure during a career in sport (e.g., seasons played, number of concussions and injuries), and



post-retirement outcomes (e.g., impairment in cognitive functioning and mood, neurodegenerative disease among
others).*® Underlying mid-and long-range outcomes were behavioural modifying factors including socio-

economic status, stress levels, exercise, alcohol, and tobacco use.*°

The rationale for the interest in alcohol use as a modifier could be explained broadly by several factors.
These factors include: (1) The high rates of reported alcohol use in athletes; (2) The effects of alcohol on the brain
and neurocognitive functioning; and (3) The question of who and why individuals develop CTE, while others do
not.> 34 Alcohol use has been associated with numerous neurocognitive impacts, depression of the central nervous
system, dysfunction of the blood-brain barrier and central nervous system depression.?® Heavy alcohol use has
also been associated with difficulties in problem-solving, attention and working memory, potentially attributable
to altered regional brain activation and decreased grey/white matter volumes.?® Cognitive impairment following

mTBI may also be exacerbated by heavy alcohol use.?

McKee et al.*? suggested several factors that could influence either the development or acceleration of tau
pathology in CTE, such as physiological stress, age at first ’exposure’ or mTBI, gender and environmental
influences (including alcohol use, opiates or performance-enhancing drugs).”® This highlights the need to further
understand the risk factors that can elevate characteristics of, or the development of, CTE.**?° These risk factors
and other biopsychosocial factors may be potentially important in the development of CTE. These factors include
aspects such as the effects of demographic and developmental context, ageing, retirement adjustment, surgeries,
anesthesia, difficulties with sleep, neurodevelopment disorders and drug and alcohol use disorders.? Alcohol
abuse, as well as prescription medications and steroids, were also described as potentially having negative effects
on the neurobehavioral profile of athletes over time and with age.?® An obvious consequence of heavy drinking

could be also mean further head injury exposure (i.e. falls, accidents, and interpersonal violence).

Post-injury alcohol use as a means of self-medicating to deal with symptoms of brain injury is also of
additional importance to consider for the study population.® Alcohol use and TBI are described® as being
comorbid with symptoms of negative affectivity (i.e. mood and emotions) and cognitive dysfunction possibly
contributing to use of alcohol and substances post-TBI. Self-medicating through these methods can present the
risk of exacerbating symptoms and hindering recovery post TB1.% Of additional importance is further head injury
exposure because of heavy drinking (l.e., falls, accidents or interpersonal violence)® as occurring in a dose-

response manner.

1.1 Literature review

This review evaluates and synthesizes the existing evidence on the impacts of alcohol use for both long-
term cognitive functioning and neurodegenerative outcomes following mTBI sustained in athletes involved in
contact sports. The effects of alcohol-related neurodegeneration and its links with CTE
symptomatology/presentation will be explored. The development of CTE, its relationship to both outcome

measures and possible links to alcohol will also be discussed. Further, the socio-political background of sport
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mTBI and CTE with its relevance to context in New Zealand are described. Information has been sourced through
online database searches for published articles on the research area for this literature review.

1.1.1  Alcohol and cognition

High alcohol use can negatively impact cognitive and psychomotor functioning, and it is a known
contributor to both neurological and organic brain damage.®” * Neurocognitive health consequences of alcohol
are both acute and long-term, including central nervous system (CNS) depression, dysfunction of the blood-brain
barrier, as well as reduction of cerebral blood flow.? Cognitive effects are associated with impaired working
memory, attention and problem solving, with impacts exacerbated following a traumatic brain injury.?® Heavy
alcohol use is associated with numerous effects on neurocognitive health and functioning both acutely and in the
long term.?° This includes impairment in working memory, attention and deficits in problem-solving abilities.?
Symptoms of cognitive impairment following alcohol misuse have been attributed to altered regional brain
activation and decreased grey/white matter volumes.?® Impairment in cognitive functioning in older age may also

be related to heavy alcohol use, with a potentially higher risk of developing dementia.?

1.1.2  Alcohol and neurodegenerative outcomes

It has been suggested™? that several factors could influence either the development, or the acceleration of
tau pathology in CTE. These factors include physiological stress, age at first exposure’ or mTBI, gender and
environmental influences (including alcohol use, opiates or performance-enhancing drugs).?® This highlights the
need to further understand the risk factors that can elevate characteristics of, or the development of, CTE.** %
“Risk factors” and “biopsychosocial factors” potentially important in the development of CTE are reviewed by
the authors through the effects of demographic and developmental context, ageing, retirement adjustment,
surgeries, anesthesia, difficulties with sleep, neurodevelopment disorders and drug and alcohol use disorders.?
Alcohol abuse, as well as prescription medications and steroids, were also described as potentially having negative

effects on the neurobehavioral profile of athletes over time and with age.?®

A severe consequence of alcohol abuse, a condition presenting with similar characteristics to dementia,
is Wernicke-Korsakoff syndrome.®® Although Wernicke-Korsakoff syndrome is very rare, it could be presented
as a potential confound in the participant population as the condition produces CTE-like memory deficits.*
Wernicke-Korsakoff syndrome was recognised individually by Carl Wernicke and S.S. Korsakoff in the late
1800’s as an illness occurring in individuals with a history of severe alcohol misuse; typically characterised by
impaired mental ability, confusion, memory and ataxia of gait.** People presenting with the condition were
impacted by cognitive impairment including a permanent memory gap and reduced short-term memory, although
preserved immediate memory.*® Neuropsychological decline in the syndrome has been attributed to thiamine
deficiency, ‘alcoholic neurotoxicity’ and individual susceptibility.*® The combination of the name is derived from
Wernicke’s encephalopathy (resulting from vitamin B1/thiamine deficiency) and Korsakoff syndrome; including

neuropsychiatric ~ symptoms of memory, emotion and executive functioning impairment.*
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Corsellis et al.’s* study with autopsy examination of 15 retired boxers revealed interesting findings
surrounding alcohol use in their participant group. The cases were established to have neurofibrillary
degeneration, septal changes, cerebellar scars and degeneration of the substantial nigra.***> Of the fifteen cases,
six had a history of heavy alcohol use and the study*? described how the atrophy of mammillary and hypothalamus
bodies raised interest in the discussion of thiamine deficiency and the possible presence of Wernicke-Korsakoff

syndrome.

A correlation between CTE and Wernicke-Korsakoff syndrome has been reported.* In a case study of a
retired boxer the cognitive decline was potentially attributed to Wernicke-Korsakoff syndrome along with cerebral
infarcts.®® In their analysis of the case through an autopsy, the authors concluded that dementia in retired boxers
could be influenced by or ascribed to as cerebral infarcts and Wernicke-Korsakoff syndrome. This meant that
similar cases of dementia in boxers could be either caused, or exacerbated, by additional etiological factors than
dementia pugilistica (or CTE) such as alcoholic neurotoxicity in Wernicke-Korsakoff syndrome.
Comprehensively examining cases for any neuropathological changes that could contribute to both cognitive

deficits and behavioural changes was described as crucial.*®

A historical case of an achondroplastic dwarf who presented with alcohol use disorder and dementia
pugilistica is an additional case of interest.** This case concurrently demonstrated the development of potential
Wernicke Korsakoff syndrome and CTE.** The man was described as having cerebellar damage typically seen in
CTE, but in this case, resulted from alcohol-induced superior vernal folial atrophy.** Symptomatology, in this
case, was typical of that often seen in CTE and Wernicke-Korsakoff syndrome, with poor concentration and
aggressive behaviour.* The presentation of neuropathology in this case resulted from both behavioural and
physical trauma-related mTBI and brain neurodegeneration with concurrent alcohol misuse and repeated

concussion as a result of experiencing impacts during dwarf throwing competitions.

1.1.3 Socio-political background and relevance to a New Zealand context

In conducting research for this literature review, numerous media articles and opinion pieces that
mentioned the use of alcohol as either a confound or impactful for CTE in athletes were apparent.** ¢ Kitson’s*
article published in The Guardian presented the idea that head impacts may not be the sole cause of
neurodegeneration and dementia for contact sports players. Behavioural and environmental factors including
excessive alcohol use, depression and unhealthy diet could also contribute to deteriorating brain health for athletes
showing symptoms of early-onset dementia’.*® This proposition was described as being controversial in
comparison to the opinions of those who believed repeated head impact/mTBI in sport to be a main cause of CTE

and dementia-like symptoms.

New Zealand has a high number of people participating in sports, particularly in contact sport such as
rugby.*’ Rugby players are at high risk for concussions, and this is a particular concern for the sport.”® Non-

professional players make up the majority of the population playing rugby, albeit there is a paucity of research
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conducted involving this population.*® The impacts of CTE and early-onset dementia symptomatology is relevant
for contact sports players in New Zealand. Carl Hayman, a retired All Blacks rugby player, was diagnosed with
CTE at age 41.*° Hayman was described as experiencing mental confusion and constant headaches, which led to
developing alcohol use disorder, erratic behaviour, and suicidality.*

The risks of concussion are becoming more well-known as media as journal articles have described the
prevalence and impacts of sport mTBI, with the mental/emotional and social benefits of sports, particularly in
youth also having been considered.? 2**° Cunningham et al.>* described the consequences of the knowledge and
acceptance of the risks of sport mTBI for youth. Some individuals were described as advocating for the banning
of contact sports in children and young teenagers.* Conversely, the idea was presented that banning sport was

counteractive to health promotion due to the presence of largely ‘inactive’ or sedentary societies.>!

1.2 Aim of study

This systematic review aimed to investigate the evidence surrounding the potential role of alcohol use in
long-term cognitive functioning, neurodegenerative outcomes, and likelihood or diagnosis of post-mortem
diagnosis of CTE for athletes with a history of TBI. The review intended to create a greater understanding of this

evidence through the synthesis and quality appraisal of existing knowledge in literature.

1.3 Impact of study

The impact that this study has achieved means that we know what evidence exists surrounding the role of
alcohol as a modifier for outcomes; the information provides a rationale for the significance of understanding the
role of alcohol; and the gaps in the literature have been highlighted. We have provided recommendations for
further research based on the comprehensive view of alcohol as an aetiological factor for cognitive and

neurodegenerative outcomes in the athlete population.

2.0 METHODS
2.1 Research design

For this study, a quantitative systematic review was chosen as the most suitable approach to address the
research question as it provides a robust method to identify and critique existing knowledge.®* This method was
chosen as there is a body of research conducted internationally that is publicly available online. Although
numerous articles presented with reported alcohol use in participants relevant to the topic area, it appeared that
there had not yet been a systematic review synthesising and discussing the research evidence. The systematic
review thus aims to provide a comprehensive view on the area of interest, while generating new insight
surrounding the evidence and the analysis of the quality of this evidence. Systematic reviews are a rigorous and
reliable method through their transparency, empirical basis, and minimisation of bias by the researcher.’
Therefore, this method was chosen from other research designs as it provides an unbiased and thorough view of
the evidence.> Numeric referencing with superscript numbers is used in this dissertation along with APA 7%

edition in the reference list.
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2.2 Methodology

Systematic reviews draw on the scientific and objective values underlying a positivist research
paradigm.>® The positivist approach is based on the theory that psychosocial phenomenon can be accurately
measured and links between psychosocial phenomena can be identified.® Indeed, a primary goal of positivist
inquiry is to test hypotheses and identify explanatory associations as was the aim in this systematic review.>®

2.3 PROSPERO application

The systematic review was approved by the International Prospective Register of Systematic Reviews
(PROSPERO) on 21/5/2021 (ID: CRD42021250409). The application for PROSPERO involved presenting an
overview of study information (timelines, review stages, team members involved, conflicts of interest and
searches conducted) as demonstrated in Appendix A. In addition to information around the study population,
intervention/exposure, comparator, context, outcome(s), extraction of data, quality assessment and data synthesis.
The review was appraised by reviewers and amended according to feedback received (e.g., providing clarity on
aspects of the proposed review process). Prospectively registering the review was considered to be an important
part of the research process to ensure transparency of research methods, reduce the risk of bias and to avoid

potential duplication of reviews.

2.4 Ethical approval

The study did not require ethical approval as it aimed to review empirical data that was published in the
public domain.*® Guidelines for the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses
(PRISMA) °" were followed. The PRISMA guideline contain checklists that were utilised for conducting and
reviewing the included studies. As part of the systematic review process, the quality of the empirical research
included was reviewed.® This included identifying potential conflicts of interest, reflecting on context, and
positioning of authors. The overall quality of evidence and its interpretation were examined. Whether ethical
approval had been obtained for each study was reviewed.’® In the quality appraisal that was conducted via the
BMIJ AXIS (British Medical Journal Appraisal Tool for Cross-Sectional Studies),’® of significance were items 19:
(funding sources and conflicts of interest potentially affecting interpretation of findings) and 20: (ethical approval
and consent from participants involved in studies).® To ensure objective interpretation of the findings of the
review, the results and interpretations were discussed with the supervision team and via personal reflexivity when

analysing evidence and discussing findings in this systematic review.

2.5 Inclusion criteria
To be included in the review, studies must have met the following inclusion criteria:
1. Published in the English language
2. Recruited human participants
3. Full text available
4

Studies also needed to present data on:
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a. Sportspeople engaged in at least one competitive season of sport; and

b. Alcohol use; and

c. Traumatic brain injury history or repeated head impact sustained from sports participation for
participants; and

d. Include at least one neurocognitive or neuropathological outcome including CTE. Neurocognitive
outcomes could be assessed via neuropsychological assessment, computerised tests of cognition or
self-reported cognitive functioning.

Exclusion criteria were also established. Studies were excluded if:
1. Not published in English; and/or
Full text unavailable; and/or
Did not study athletes or retired athletes; and/or
Did not report on head injury, TBI, sport-related concussion or CTE; and/or
Did not include a cognitive, neuropathological or neurodegenerative outcome; and/or

Did not include alcohol data; and/or

N o ok~ w b

Did not link alcohol data with cognitive, neuropathological or neurodegenerative measures.

Intervention studies such as randomised controlled trials were excluded as the aim of the review was to explore
naturally occurring associations, rather than identifying treatments to improve outcome. Additional study designs

excluded were reviews, editorial or opinion pieces.

Neurocognitive functioning and its impacts could entail memory loss/deficits, mood behaviours such as
aggression and neuropsychological outcomes including presence/history of mental disorders such as depression.'*
For neuropathological outcomes, the clinical diagnosis of Alzheimer’s disease, dementia, mild cognitive
impairment, or chronic traumatic encephalopathy were included. A range of study designs were included;

retrospective or prospective cohort design, case studies; case series; and cross-sectional studies.

To ensure a comprehensive view of the evidence of the effects of alcohol use on neurocognitive and
neurodegenerative outcomes for athletes with a history of TBI, all forms of alcohol use in participants were
included were considered in this review. Due to the heterogeneity in terms used by authors, this included ‘alcohol
use’ ‘alcohol abuse’ and ‘alcohol use disorder’ as examples. In encompassing all these terms, ‘alcohol use’ is used
primarily throughout the literature review and discussion. The Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) defined ‘alcohol abuse’ symptoms and characteristics as drinking more than intended, not
being able to cut down when wanting to, or being sick from aftereffects of drinking.* ‘ Alcohol dependence’ criteria
included having drinking interfere with daily life, engaging in risky behaviours from drinking, having to drink

more than usual to feel the effects of alcohol, and having withdrawal symptoms.*
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2.6 Search strategy

The review search strategy involved entering selected key search terms in the following online search
databases: CINAHL Complete, MEDLINE and SPORTDiscus, Scopus, Web of Science and PsycINFO. The
database searches were conducted within the months of June to August 2021. Study dates searched within ranged

from the 1970s’ (found to have the first studies on alcohol use and boxing) until July 2021.

The search strategy was developed to include a range of terms relevant to the population, variables, and
outcomes of interest. A multiple-stage process was undertaken to ensure search terms were comprehensive in
encompassing all relevant outcomes and potential wording differentiations with advice from the supervisory team.
Terms were added that included additional sports terms, a range of keywords surrounding tau pathology in the
neurological search term group, and a range of neurocognitive/neuropsychological terms that additionally
included terms such as ‘dementia’ and ‘Alzheimer’. This maximized the heterogeneity of outcomes and measures
surrounding brain injury/impacts were defined and reported by studies as well as the range of contact sports in

which were studied.

Grouped terms were entered into separate fields in database search bars or combined with ‘AND between each

group. The finalised search terms were:

* Term 1 (selected as searched through abstract/title): sport* OR athlet* OR play* OR “sports person” OR
sportswom* OR contact sport* OR box* OR football OR rugby

* Term 2 (selected as searched through abstract/title): concuss* OR traumatic brain inj* OR head impact* OR
brain inj* OR Head inj* OR TBI OR “skull fracture” OR mTBI

* Term 3 (selected as searched through abstract/title): Alzheimer OR dementia OR “mild cognitive impairment”
OR CTE OR neurodegenerative OR “tau pathology” OR “dementia pugilisitica” OR “punch drunk” OR
“traumatic encephalopathy” OR tau* OR “major neurocognitive disorder” OR “neurofibrillary tangles”
OR “serum tau” OR “senile plaques” OR presenile OR pre-senile OR cogniti*

» Term 4 (searched through whole text): alcohol* OR drink* OR etoh (where etoh is ethanol)

In summary the key words related to contact sports, athletes, traumatic brain injury/concussion,

neurodegenerative diseases, and alcohol.

Search terms were made according to guidelines for each database’s search specifications. For example,
the use of apostrophes for grouped terms “sports person” capitalisation of conjunctions ‘AND’ and ‘OR’. This
was researched before conducting searches for each database. Identified citations were downloaded into Endnote.
Duplicates were then removed. The remaining citations were then copied into an Excel spreadsheet to record
reasons for exclusion against the inclusion criteria. The following data were extracted from the identified citations:
‘Authors’, ’Title’, ‘Year’, ‘Journal’, “Volume’, ‘Issue’, ‘Document type’, ‘DOI’, ‘Contact address’, ‘Link’, ‘Full
text available’ (Y/N), ‘Inclusion criteria’, ‘Exclusion reason’, ‘Exclusion based on abstract/title’, and ‘Included in

literature review’ (Y/N).
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Following review of each abstract against the inclusion/exclusion any reasons for exclusion were
recorded. Abstracts were reviewed by the student and one supervisor independently. Any disagreements were
resolved through discussion and consensus. A third reviewer was available and assisted with the decision-making
of the inclusion of one article. If it remained unclear if the article met the inclusion/exclusion criteria the abstract

was retained in the review.

Following initial review of the identified abstracts, the full text articles were obtained for all abstracts that
appeared to meet the inclusion criteria. As this stage the identified studies were compared against the inclusion
for alcohol use (for which the term was searched in the whole article text) rather than just the abstract. This was
conducted as often alcohol was not the primary research question of the study. Studies that recorded and described
alcohol use data for participants were initially selected and subsequently screened to identify articles that linked
this data with neurocognitive functioning or neurodegenerative outcomes. Two reviewers reviewed (TM, AT) the
full text articles against the inclusion/exclusion criteria independently. Decisions were compared between the two
reviewers and any disagreements were resolved through discussion. A third reviewer (DK) was required to check
an article and it was rejected after the discussion. The identification of studies through the online database searches

is shown in Figure 1.

Identification of studies via databases and registers

)

Records identified from: Records removed before
Databases (n = 310) screening:
»  Ebscohealth (n Duplicate records removed
=1 36) (n=69)
¢  Scopus (n=91)
»  Web of Science Records excluded (n=216)
(n=80) e Excluded based on title (n=82) Including:
*  PsycINFO (n=3) Animal studies (n=10)
Study type [reviews] (n=22)
Study type [opinion/editorial] (n=8)
No sport/athlete inclusion (n=32)
No concussion/TBI (n=10)
Excluded based on abstract (n=134) Including:
No cognitive/neuropath measure (n=24)
No alcohol data (n=88)
No concussion/TBI (n=22)
Did not study athletes (n=1)

Identification

Records screened
(n=241)

O 000 ® 0 O0O0O0O0

Screening

Reports excluded (n=20):
Reports assessed for eligibility Reason 1: Alcohol data not
(n=25) E— linked w/ neurocognitive
measure (n=13)

Reason 2: Alcohol data not
linked w/ neurodegenerative
measure (n=7)

[

)

Studies included in review
(n=5)

Included

[

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) flow diagram

for the identification, screening, eligibility, and inclusion of studies in the systematic review. N=number.
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2.7 Data extraction

To ensure consistency of data extraction, a new excel spreadsheet was set up including the following
column headings. Relevant data were extracted for each heading with one row per article. The following data
collection headings were used to guide the data extraction process: ‘Lead author surname’, “Year (published)’,
‘Sport(s) included’, ‘Cases’, ‘Controls’, ‘Number of participants’, ‘Gender of participants’, ‘Age range of
participants’, ‘Alcohol assessment’, ‘Cognitive outcome assessment’, ‘Concussion history assessment’, ‘Key
findings’, ‘Country (research was conducted)’, ‘Funder of research’, ‘Cognitive/neurodegenerative outcomes

linked with alcohol data’ (Y/N).

2.8 Assessment of article quality via critical appraisal

After identifying the final number of articles that met inclusion criteria, the quality of the individual
studies was appraised using the British Medical Journal Appraisal Tool for Cross-Sectional Studies (BMJ
AXIS).%® Developed as a systematic method of assessing cross-sectional studies in terms of their reliability, value,
relevancy, and risk of bias,* ® the BMJ AXIS contains 20 items surrounding study design, reporting quality,
ethical quality, and potential conflicts of interest - the latter item of which was highlighted for its importance in
the review due to its political and societal context.®® ®* To be rated as being of quality through this tool, studies
must have met most of the questions with a ‘yes’ response. The lack of a quantifiable rating scale to determine
study quality has been identified as a limitation of the tool by Downes et al.>® The findings from the review were

synthesised using narrative analysis.

3.0 RESULTS
3.1 Search results

Upon searching the databases, a total of 310 results were retrieved over the databases: 136 results in
EBSCO Health databases (CINAHL, MEDLINE and SPORTDiscus); 91 results in Scopus, 80 results in Web of
Science and 3 results PsycINFO. During the selection process, 69 articles were identified as duplicates, bringing
the number of total findings from the database search to 241. Figure 1 shows the flow of the selection of studies

based on the initial search of the databases and then the exclusion based on criteria.

3.2 Selection of studies

A total of 82 articles were excluded based on title, including 10 animal studies, 30 by study type (22
reviews and 8 editorial/opinion pieces), 10 with no concussion/TBI and 32 by no sport/athlete inclusion. A further
134 articles were excluded based on the abstract (including 22 by no concussion/TBI measure, 24 by no
cognitive/neurodegenerative measure, 88 with no alcohol data and one that did not recruit athletes). Twenty-five
articles met initial inclusion criteria (n=25) underwent full-text screening. On reviewing the full-text articles it
became evident that some articles included assessments of alcohol use and cognition and neurodegenerative

outcomes, but the data was not linked. As a result, these articles were excluded during this second stage. Five

18



articles>® ultimately met the inclusion criteria and linked alcohol and neurocognitive and neurodegenerative

outcomes (see Figure 1).

3.3 Study range and characteristics

Of the five articles that met inclusion criteria, four were of a cross-sectional design®® and one was a
retrospective cohort study® that involved post-mortem examinations. The studies largely involved male
participants (with the inclusion of female participants in two studies), a range of ages (18 to 68 years old) and
encompassed both current professional athletes and retired athletes. Studies covered a broad range of contact
sports including rugby, soccer, American football, baseball, basketball, boxing, hockey, and wrestling. All studies
had a control group with matched participants who were either not involved in contact sports or had a history of

repeated head traumas.

Over the five studies, a range of assessments were conducted that measured numerous aspects of cognitive
and psychological functioning, mental wellbeing, mood, and emotional wellbeing. In the cross-sectional studies
the CNS Vital Signs neuropsychological test,” the Depression, Anxiety, Stress (DASS-21) 21 item scale, in
addition to learning, attention, processing speed, memory and fluid executive function tests,® memory, problem-
solving and abstract reasoning tests® were included. In terms of the neurocognitive/neuropathology grouping,
Bieniek et al.® involved post-mortem examination of participants, and the outcome measures utilised medical
record queries encompassing mental health disorder history, ‘alcoholism’ and ‘drug abuse’®. Jordan et al.® utilised

magnetic resonance imaging scores and screening for past neurological illness.

Concussion histories were determined through questionnaire/interviewing. For example, Hume et al.,’
recorded the number of times participants self-reported that they had experienced a concussion during sport and
symptoms experienced, or who had received a medical evaluation from a physician for concussion. Jordan et al.
utilised a scale of ‘potential heading’ sustained through a participant’s sports career through a grading system.
Mathias et al.,® utilised a grading scale for TBI severity based on the Glasgow Coma Scale (GCS), loss of
consciousness and post-traumatic amnesia. Gardner et al.,° utilised the ‘Rivermead Post Concussion Symptoms
Questionnaire’ to determine experience of concussion symptoms in their participant group. Bieniek et al.,” used
medical record query and assessment of sports participation to determine the severity of concussion in addition to

the presence of tau pathology or chronic traumatic encephalopathy.

Alcohol use assessment in participants was determined through medical record query for the retrospective
and prospective cohort autopsy studies. For the cross-sectional studies, alcohol abuse history was screened
through use of the Alcohol Use Disorders Identification Test (AUDIT)® by Hume et al.,” Mathias et al.,’ and

Gardner et al.,° while Jordan et al..® utilised the CAGE questionnaire for determining alcohol dependency.
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Due to the heterogeneity of how the variables were assessed between studies, and participant
characteristics, the ability to make inter-study comparisons through statistical analysis was restricted. Data were

consequently synthesized using a narrative approach.

3.4 AXIS rating summary

The included articles were assessed independently by two evaluators (TM, AT) through the BMJ AXIS
tool (British Medical Journal Appraisal Tool for Cross-Sectional Studies).® The five studies were rated as being
of moderately good quality (75-80% met criteria with ‘yes’ responses) with scores ranging from 14/20 to 16/20
as illustrated in Table 1. The highest scores were for the studies by Hume et al.,” 16/20, Bieniek et al.,> 15/20,
Gardner et al.,® 15/20, followed by the studies by Jordan et al.,® 14/20 and Mathias et al.,® 14/20.

All the studies stated clear objectives and had appropriate study designs for their aims. For the methods
section, all studies except Mathias et al.,° sufficiently described their methods in a way that would enable them to
be repeatable (item 11). All studies met the criteria for item 5; noting that sample frames were taken from
population bases that represented their target audience (athletes). Results were justified in all discussion and
conclusion sections (item 17). All studies were identified to have used piloted or published measures for
variables/outcomes (item 9). Basic data were described sufficiently in all studies (item 12) and results were shown

for all analyses in the results section (item 16).

The most common item the studies lacked overall were a lack of sample size justification (item 3), largely
due to small size participant groups, including Gardner et al.® and Jordan et al.2 All studies were identified to have
some possible selection bias in their participant group as their methods selected participants that were
representative of the population (item 6). Item 13 surrounding concern about non-response bias was least relevant
to the five studies. Bieniek et al.,® Gardner et al.,® and Hume et al.,” did not have a response rate that raised concern
around non-response bias, while it was unclear if this applied to the studies of Jordan et al.,? and Mathias et al.’
Two studies had a potential conflict of interest in the author/funding source (item 19); Hume et al.,” through its
funding (World Rugby & New Zealand Rugby) and an author (Quarrie; employed by New Zealand Rugby). The
study by Jordan et al.,® noted a possible conflict of interest in their funding for statistical support by the United

States Soccer Federation.
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Table 1: British Medical Journal Appraisal Tool (BMJ-AXIS) analysis of the studies included in this systematic

review.

British Medical Journal Appraisal Tool (BMJ-AXIS) item

Lead 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 Additional

Author comments

Surname,

Year

(score/20)

Hume, Y Y Y Y Y Y N Y Y Y Y N NA NA Y Y Y Y Y Possible

2016’ (16) conflicts of
interest.

Bieniek, Y Y Y Y Y Y N Y Y Y Y N NA NA Y Y Y N Y CTE measure

2020° (15) piloted. Alcohol
measure not.

Gardner, Y Y Y Y Y NA Y Y Y Y N NA Y Y Y Y N Y Small sample

2017° (15) size (16). Only
this limitation
discussed.

Jordan, Y Y N Y Y Y NA Y Y Y Y U N NA Y Y N Y Y Small sample

1996° (14) size, possible
conflict of
interest.

Mathias, Y Y Y Y Y Y N Y Y N Y U N NS Y Y Y N Y Not all methods

2014° (14) explicitly
described

Y=Yes; No=N; U=Unclear; NA=Not Applicable; NS=Not stated.
3.5 Finding's summary

Four of five studies that met inclusion criteria showed no compelling evidence for the role of alcohol as

a modifier for long-term cognitive difficulties or the likelihood of the post-mortem diagnosis of CTE in athletes

(see Table 2).

Table 2: Characteristics of the included studies reporting on alcohol and the long-term neurocognitive or

neurodegenerative outcomes.

Study; Design; Funding

Country; Sport;
Cases; Controls;
Participant
characteristics (sex,

age)

Assessments: 1) Alcohol; 2)
Cognitive/neuropathological; 3)
Concussion History

Key Findings

Hume et al., 20167 Cross-
sectional; World Rugby,
AUT & NZ Rugby.

NZ; Rugby: 103
Elite-rugby group;
198 community-
rugby group, 65
Non-contact-sport

1) Alcohol Use Disorders
Identification Test (AUDIT); 2)
CNS Vital Signs
neuropsychological test battery; 3)
Questionnaire: concussion
frequency, evaluation for

More hazardous alcohol use was found
in the rugby players compared with the
non-contact players.
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group; male; mean
43.3 yr.

concussion, loss of consciousness
or other symptoms, reporting

concussion.

Jordan et al., 19968 Cross-
sectional; United States
Soccer Federation.

USA; Soccer: 20
Soccer Team training
camp members; 20
Age-matched elite
track athletes; male;
mean 24.9 yr.

1) CAGE questionnaire; 2) MRI
scan & head injury symptom index;
3) Scale of soccer participation:
length of season, frequency of
heading.

Alcohol in CAGE test eliminated as
confounding variable.

Mathias et al., 2014°
Cross-sectional; National
Health and Medical
Research Foundation of
Australia.

Awustralia; Sports: 27
Physical assault TBI
patients & 26
sporting/athlete TBI
patients; 36
Orthopaedic control
group (OC); male &
female; Sport 28.5
yr, assault 34.3 yr,
OC control 34.4 yr.

1) Alcohol Use Disorders
Identification Test (AUDIT); 2)
Psychosocial & emotional: post-
concussion symptoms, injury-
related stress, depression &
Cognitive: memory, abstract
reasoning, problem solving, and
verbal fluency; 3) TBI severity

score.

Time since injury & alcohol correlated
w/ long to medium-immediate recall w/
no group difference. Time since injury
& alcohol unlikely to affect outcomes

of all groups.

Gardner et al., 2017¢
Cross-sectional; New
South Wales Sporting
Injuries Committee —
Sports Research & Injury
Prevention Scheme Grant,
& Brain Foundation,
Australia — Brain Injury
Award.

Awustralia; Rugby: 16
Retired professional
rugby league players;
16 Age and
education-matched
controls w/ no
participation in
contact sports
neurotrauma history;
male; 30-45 yr.

1) Alcohol Use Disorders
Identification Test (AUDIT); 2)
Psychological & cognitive testing:
(DASS-21 scale), Cognitive:
attention, processing speed,
learning, memory, & fluid
executive function; 3) Rivermead
Post Concussion Symptoms
Questionnaire.

Retired athletes had greater alcohol use,
worse manual dexterity w/ non-
dominant hand. Alcohol use was
possibly associated w/ MRS findings in
both groups.

Bieniek et al., 2020°
Retrospective cohort study
(autopsy); Florida
Department of Health Ed
and Ethel Moore
Alzheimer’s Disease
Research Program, Mayo
Clinic Younkin Scholars
Program on Synaptic
Biology and Memory,
Mayo Clinic Alzheimer’s
Disease Research Center

Pilot Project Grant and

USA,; Contact sports:
Donated brains -
Autopsy sample
population; 300
athletes, 450 Non-
athletes; male &
female; mean age at
death athletes 68 yr,
non-athletes 64 yr.

1) Alcoholism Diagnostic codes -
The Rochester Epidemiology
Project; 2) Medical record query:
Anxiety, bipolar, dementia,
depression, drug abuse, head injury,
movement disorder, psychosis,
PTSD, schizophrenia, suicide,
tobacco abuse; 3) Medical record
query, sports participation
assessment & presence of tau
pathology/CTE.

Cases w/ CTE had higher frequencies
of antemortem dementia, psychosis,
movement disorder & alcohol abuse

compared to cases w/o CTE.
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National Institutes on

Aging.

Bieniek et al.’s” study found higher rates of alcohol use in cases with CTE, although we discuss this
finding further in light of methodological quality. The study assessed retrospective sport participation with
historical data and medical record queries. The authors found that of their participant groups comprising of 300
athletes and 450 controls, 42 presented with CTE pathology (27 athletes and 15 controls). Of these, 16% of athletes
and 20% of non-athletes had ‘alcoholism’ as a clinical information feature, likely reflecting the way the brain
bank acquired brains and from whom. Of note, cases with CTE had higher antemortem features of alcohol abuse
(in addition to dementia, movement disorders and psychosis) in comparison to participants without CTE

pathology.®

Gardner et al.’s® study examined neurometabolic concentrations, psychological and cognitive functioning
in 16 retired rugby players and 16 age- and education-matched control participants. The authors found no
differences in measures of depression, anxiety, or cognitive functioning across groups. Athletes had a significantly
higher rate of alcohol use. The control group had significant correlations between AUDIT scores (The Alcohol
Use Disorders Identification Test) and neurometabolites.® The same findings were not seen in the athlete
participants. Based on the authors’ review of the literature, it was found that there were no significant findings

associated with magnetic resonance spectroscopy (MRS) and alcohol use.

Hume et al.’s’ study assessed differences in cognitive functioning for 301 former rugby players (elite and
community players) and 65 non-contact sport retired players (field hockey). CNS Vital Signs test, AUDIT scores
and self-reported concussion history were evaluated. ‘High’ levels of current alcohol use were reported in 33% of
elite rugby players, 32.8% of community rugby players and 20% of non-contact sports players. No significant
correlations were reported between demographics, age, ethnicity, education level, level of sport played or alcohol

use with the neuropsychological outcome measures.

Jordan et al.’s® 1996 study investigated the presence of CTE pathology in 20 elite soccer players due to
repeated heading of the ball with comparison to 20 age-matched track athletes. Magnetic resonance imaging
(MRI), a query into the history of head traumas and alcohol use (identified through the CAGE alcohol tool) were

utilised. The questionnaire and MRI showed no statistical differences between the groups. There were no
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differences in alcohol use between the two groups and no correlation between MRI findings and alcohol use. The
CAGE tool eliminated alcohol as a compounding variable. Overall findings demonstrated that evidence of
encephalopathy may be more related to acute head injuries rather than the repetitive heading of the ball.

Mathias et al.’s® 2014 study aimed to determine whether the cause of injury (sporting or assault) affected
outcomes on samples that contained mixed injuries. Tests of psychological and cognition measures (including
psychosocial and emotional tests, memory, problem-solving, verbal, and visual abstract reasoning) were used to
assess differences.’ The traumatic brain injury (TBI) assault group showed poorer psychosocial and emotional
outcomes than the other two groups, and there were no differences in cognitive or functional outcomes between
the three groups. AUDIT scores showed no significant differences in alcohol use, although the TBI sport group
had lower scores than others. The AUDIT findings were associated with immediate memory. It was considered
not necessary to control for alcohol as a variable statistically when analysing group outcomes.® The findings of

the study demonstrated that the cause of TBI may explain outcome differences for comparable injuries.

4.0 DISCUSSION

This systematic review aimed to identify and critique the literature to explore whether alcohol use was a
modifier in the clinical presentation of neuropathology and cognitive functioning of athletes with a history of
mTBI. It is often argued that the long-term effects observed in athletes who have experienced multiple mild
traumatic brain injuries (mTBI) are due to alcohol rather than the mTBI(s). The main findings of this review were
that: 1) there was limited evidence exploring the role of alcohol in specifically in athletes; with a history of mTBI
and 2) there was no conclusive evidence in the current literature for the potential role of alcohol use as a modifier
in long-term cognitive functioning, neurodegenerative outcomes, or possible increased likelihood of the post-

mortem diagnosis of CTE for athletes with a history of TBI.

Study critiques of the five inclusion articles, including sample size, participant groups, and outcome
measures, data interpretation of the studies, and discussion of alcohol use as a modifier for outcomes are explored.
The limitations of this dissertation, its relevance and contribution to the literature, as well as recommendations

for further research and implications, will be also discussed.

4.1 Sample size

Researchers often have difficulties collecting enough data to enable the testing of the hypothesis.®® This
may occur when the target group is small, there is a sparsity of data, participants are hard to access, data collection
entails prohibitive costs or participants come from a population base prone to drop-out. ® The majority of studies
included in this review reported small participant groups ranging from six retired athletes and 16 age- and

education-matched controls® to 26 athletes, 27 physical assault patients and 36 orthopaedic controls.’

The small sample sizes raised questions of validity and reliability of outcomes in the studies as well as

the potential of generalisability to larger populations if larger participant groups were included. Small sample size
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has been previously reported® that the number of participants needs to be considered carefully. For moderate-to-
strong associations, between 20 to 50 cases are needed to identify these associations. For small-to-moderate
associations that may enable generalisability, the sample size would need to be 200 participants.®* Based on this
information, the data reported in these studies would only be able to report if there were moderate-to-strong
associations between alcohol consumption and the development of CTE.

The small number of participants reported in the studies included in this systematic review may have
resulted in any chance of discovering small-to-moderate true effects are limited.® In addition, for studies with a
small sample size, any observed effect that reaches a nominally statistically significance (i.e., p<0.05), there is a
lower probability that is passes the required threshold and this is likely to exaggerated (Button, et al., 2013). Other
aspects that may be associated with small participant numbers and result in low reliability of the evidence provided
are: (1) Studies are likely to provide a ‘vibration of effects’ (wide range of estimates); (2) Publication bias,
selective data analysis and selective reporting of outcomes may occur; and (3) There may be lower quality in other

aspects of the study design.®®

4.2 Data interpretation
Through this review, it was apparent that interpretations of such data relating to measures of cognitive
functioning, neuropathology, or presence of CTE pathology were less reported. There were a high number of

opinion/article pieces, articles mentioning alcohol & suggesting it as a confound but not measuring it.

4.3 Participants

The studies largely involved male participants, with the inclusion of female participants in only two
studies: six in Mathias et al.’s® study and 273 in Bienick et al.”® study. Across the 1277 participants in the five
studies (cases and controls), this meant 279 or 21.84% were female. The studies had a range of ages (18 to 68
years old) and encompassed both current professional athletes and retired athletes. Participants were either from
the professional level of participation, community level of participation and were current or retired athletes. Hume
et al.” and Bieniek et al.> were the only two studies that recorded ethnicity or race of participants. Bieniek et al.®
measured this demographic information solely as ‘Race (white)’, while Hume et al.” recorded ethnicity
demographics as ‘European’, ‘Other’ and ‘Unknown/missing’. Studies were also based in New Zealand, Australia,

and the United States of America.

Asken et al.?® discussed the effects of developmental and environmental variables on cognition, emotional
and behavioural changes for contact-sports athletes with a history of repeated mTBI; including socio-cultural
factors, ethnicity, and socio-economic status. Professional sports athletes are described by the authors as being
diverse overall, yet having demographic biases in their population.?® Demographic characteristics are described
in how they are potentially associated with cognitive, emotional and mood symptoms involved in CTE.? In
addition to biological factors, these environmental/developmental variables are recognised as contributing to our

knowledge of the aetiology of CTE in the understanding of who develops clinicopathological changes following
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repeated head injury in sport and while others do not.?® Pre-professional demographics of race and socio-economic
status (SES) and behavioural health modifying factors (including SES) have been further highlighted by Grashow
et al.®*® The post-retirement or long-term outcomes following exposure in sports participation included
neurodegenerative disease, CTE and symptoms of its clinicopathology; impairment in cognition, mood, and
social, mental and physical measures of life quality.*

The relationship between SES and developmental factors with psychological and emotional wellbeing is
complex. Individuals with lower or disadvantaged SES may have a higher susceptibility to depression, aggressive
behaviour or poor conduct as a maladaptive reaction to adverse early life experiences and familial stressors 2 ¢
SES can also impact cognitive functioning and development, including verbal fluency, processing speed and
memory.®” The implications of these observations for the present study are undetermined. Although environmental
and developmental variables that can influence a range of factors (cognitive ability, literacy, psychological health,
mood, and behaviour) are likely impactful on participant outcomes in the inclusion articles, the extent of such
additional modifiers is also unknown. Concerning alcohol as a modifier for neurocognitive outcomes, the impacts
of heavy alcohol use, or alcohol abuse over time would exacerbate deficiencies or impairments in cognitive

functioning.®

An additional factor to consider when discussing participant groups for the inclusion articles was bias in
autopsy selection and any possible limitations that may have arisen. McKee et al.% described this as ascertainment
bias in autopsy-based studies, with brain donation being influenced by the health of the individual. Those whose
family member was demonstrating impairments in behavioural mood or cognition may be more likely to

participate in brain donation than those who were presenting as more ‘functioning’ or healthy.®®

Bieniek et al.’s” retrospective cohort study with postmortem examination of donated brains is relevant for
this discussion. The study was noted to have possible selection bias in item 6 of the BMJ AXIS appraisal. Bieniek
et al.® retrospectively assessed outcome measures with historical data through the use of medical record queries
including the Rochester Epidemiology Project (REP). In presenting alcohol use data, it was reported that 16% of
athletes and 20% of non-athletes were reported to have ‘alcoholism’ as a feature of clinical information.” Both
statistics, at 16% and 20.4% were judged as a high percentage of alcoholism in the athlete and non-athlete control
group. Questions arose surrounding who the controls in this study were, and why this statistic was high. In
comparing these statistics to the larger U.S. population according to the 2019 National Survey on Drug Use and

Health (NSDUH) Annual National Report, 5.3% of people aged 12 and over had an alcohol use disorder.®

In researching the REP, it was additionally found that through the years 1966 to 2008, the project excluded
individuals who were physically or mentally disabled, were in assisted living, or were incarcerated.” Therefore,
there may have been a possibility that people with alcohol use disorder were overrepresented, or individuals with

dementia or other neurodegenerative disorders that were sports players were excluded in Bieniek et al.’s® findings.
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Issues with reporting levels of alcohol use, alcohol use disorder, and how these terms are defined and interpreted

are further discussed in section 4.3 Outcome measures.

4.4 Alcohol use

Kirkendall & Garrett®® provided a rationale for exploring alcohol use in the athlete population for both
impairments in cognitive functioning and neurodegeneration. Alcohol abuse was described by the authors as being
known to lead to cognitive deficits in addition to organic and neurological brain damage.® Of relevance is the
point communicated by the authors that simply mentioning ‘alcohol intake’ was not a valid means to assessing
and determining alcohol intake or alcohol abuse in participants.® Jordan et al.® further strengthened the importance
of validity of this measure by identifying past studies that had failed to include valid screening tools for alcohol
use. Considering the five inclusion studies of this systematic review, four of five had reported the use of validated

measures for assessing alcohol use in their participant groups.®®

Three of five inclusion articles (Hume et al., 2016; Mathias et al., 2014; and Gardner et al., 2017) used
the Alcohol Use Disorders Identification Test (AUDIT) a validated and published tool developed in 1989. The
AUDIT screens for alcohol intake, the potential of alcohol dependency, and the level of alcohol-related harm
experienced.”t The AUDIT screening tool was developed by the World Health Organisation.”” The AUDIT has
been validated by numerous authors, in different countries since its development and has been regarded as the

‘gold standard’ tool for assessing alcohol use behaviours.”>™

Bieniek et al.® had assessed alcohol history retrospectively through a medical record query of the
Rochester Epidemiology Project (REP). The latter method could have implications in that alcohol use history was
determined based on the full lifetime of participants, and the validity of this clinical information (i.e., what tool
was used to assess alcohol use disorder) is not immediately known. Kremers et al.”® described that history of

alcohol use was extracted through the medical record of patients for the REP.

Jordan et al.® used the CAGE alcohol tool to assess current and past alcohol use and dependency in their participant
group. The CAGE tool is an acronym for 1) Have you ever felt you should cut down on your drinking?, 2) Have
people annoyed you by criticising your drinking?, 3) Have you ever felt bad or guilty about your drinking?, and
4) Have you ever had a drink first things in the morning to steady your nerves or to get rid of a hangover (i.e., an
‘eye-opener’)?® (p. 206). The CAGE tool has demonstrated high validity and test-retest reliability in past studies.””
However, a limitation of the CAGE is that it is less suitable for individuals with low alcohol intake or a moderate
form of ‘problem drinking’.”” " This is pertinent in analysing alcohol data for Jordan et al.’s® study as participants
who were ‘heavy’ drinkers who had less impact on their interpersonal relationships and mental/emotional health
(such as feeling guilty because of drinking) reported a less valid response to the tool. Individuals who never drank
alcohol for example, as compared to a person with moderate levels of weekly alcohol use may, therefore, be
difficult to differentiate using the CAGE tool. A study by McCusker et al.” examined differences in the

administration of the AUDIT and CAGE screening tools. The authors found through comparison of the two tools
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that the CAGE was most effective in determining lifetime prevalence of alcohol use disorder, and the AUDIT was
advantageous in identifying ‘hazardous’ drinkers who have not reached a severe level of harm by their alcohol
use.” Bradley et al.®° conversely held a stronger view in the comparison of the tools, having described that the
AUDIT was superior to the CAGE in identifying patients with heavy drinking behaviours and alcohol dependence.

In thinking about assessing the long-term effects of alcohol use for athletes for cognitive functioning and
brain health, there are further considerations with the use of tools such as the AUDIT and the CAGE for
participants. The CAGE and AUDIT tools have presented with possible limitations as identified by numerous
authors. Steinbauer et al.® reported that the CAGE tool presented inconsistencies when administered to a male
and female participant group of different ethnic backgrounds, suggesting that the tool may be affected by ethnicity
and sex bias. The authors reported that the AUDIT tool was not affected by the same biases in their participant
group.®* Additionally, although the AUDIT and CAGE can illustrate present and past issues through self-reporting
of participants, they evidently cannot screen for lifetime use with young participant groups such as in Jordan et
al.’s (1996) study with a mean age of 24.9. A further potential limitation to consider with tools such as the AUDIT

include reluctance to self-report honestly due to social stigma with alcohol use disorder.®

In comparing the use of the AUDIT, CAGE, and medical record query methods of assessing alcohol use
in participant groups, recommendations for valid use of these measures can be made. Current & past, standard
weekly, received medical help from a professional, history of diagnosis, impacts on daily life and relationships,
risk/experience of harm. Initially, this could mean ensuring that knowledge of what constitutes a ‘standard drink’
is shared between the interviewer and participant and is relevant or adapted for the country/location in which the
test is taken. Structuring interview questions in a neutral way that does not influence answers or introduce bias
into the response is also recommended. In accounting for limitations presented by the AUDIT and CAGE tools,
enhancing the validity of the measure of alcohol use and dependency would mean accuracy in its application to

individuals with any level of drinking history, past and current.

The discussion around CTE has raised popularity in recent years due to increased media coverage and
literature surrounding its prevalence and impacts on athletes, largely in the United States of America.?® McKee et
al.* described the political and societal implications for the increased recognition of the impacts of sport mTBI
and CTE. The authors discussed the great financial repercussions of accepting head trauma as the primary causal
factor for CTE, with implications in major changes for sports play and its management.*? As an example for
recommendations based on research findings in this area, Brand and Finkel®* described the implications of CTE
as an accepted result of repeated head impact/mTBI in sport. This included improved protective equipment,
changes in professional (American) football rules, tackling and blocking to reduce blows to the head.®* If alcohol
were proved to be a modifier for outcomes in the neuropathology of CTE, recommendations could also be made
to reduce its potentially harmful impact. While this dissertation has clearly shown that there is no evidence

supporting alcohol abuse as productive of tau pathology in athletes (current, retired or deceased), it may remain a
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serious co-morbid condition that requires clinical intervention. Clear messaging in places where head impacts

occur are recommended, in addition to the avoidance of alcohol in cases with suspected CTE.

Two notable researchers, and authors, in the field of sports concussion and chronic traumatic
encephalopathy (CTE); Dr. Anne McKee and Dr. Chris Nowinski, were contacted toward the end of the
dissertation to invite any advice or reflections on alcohol use with CTE. Anne McKee’s research coordinator,
Madeline Uretsky responded on her behalf. Madeline advised that although they had not yet completed analyses
on the topic (of the impact of alcohol on CTE), it was in progress. It was recommended that reading and citing
papers on alcohol use with dementia (including Wernicke Korsakoff syndrome) and understanding this literature

would provide additional background for this research area.

Dr. Chris Nowinski acknowledged that there was no evidence currently of alcohol use as a modifier for
CTE or neurodegenerative outcomes. However, Dr. Nowinski advised that although alcohol use disorder would,
in theory, impact the ability to measure cognition, it hadn’t yet been formally studied. He noted that alcohol use
was included in questionnaires for studies for both living and deceased subjects, although had not yet revealed
any meaningful findings. Dr. Nowinski also shared a study by Kovacs et al. (2015) on the impact of heroin abuse
on the age-related deposition of hyperphosphorylated tau and p62-positive inclusions. Kovacs et al.’s (2015) paper
raised opioids as a confound but established that tau pathology from opioids was dissimilar to that presented in
CTE.

4.5 Measurements

Analysis of the five inclusion studies centered around four outcome measures. These were: (1) mTBI,
concussion or repetitive head injury in sport; (2) Cognitive functioning; (3) Neurodegenerative outcomes; and (4)
Alcohol use. How outcome measures were defined, reported, and interpreted, in addition to the overall findings
across studies, were described. The cross-sectional studies had questionnaires for alcohol and concussion/TBI
history, a range of cognitive testing measures, and medical imagining technigues including magnetic resonance

imaging (MRI1)® and magnetic resonance spectroscopy (MRS).® &8

4.5.1 Concussion/TBI measures

Across the five studies, a range of measures were reported to determine the participants TBI history. Three
studies utilised self-reporting measures with questionnaires to measure concussion or TBI history. Similarities
between measures across the studies are raised, as well as reflections based on definitions of concussion and
potential issues with self-reporting measures.

Gardner et al.’s®

study, utilised magnetic resonance spectroscopy to examine neurodegenerative
pathologies, in addition to utilising a clinical interview to report medical and concussion history. The Rivermead
Post Concussion Symptoms Questionnaire® covers severity of symptoms pre- and post-injury, including physical

symptoms of fatigue, dizziness, headache, nausea, and vision problems. The questionnaire also can identify
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cognitive impairments such as forgetfulness and poor concentration. Psychological symptoms of feelings of
irritability, depression and frustration are also included in the test.®

Hume et al.” determined past concussion history though a self-report general health questionnaire
administered to participants. The questionnaire was developed specifically for the study. Questions included
reporting the number of times participants had sustained a concussion during sport. The participants may have
been evaluated by a doctor or other health professional for the concussion, had sustained symptoms or may not
have reported a concussion.” A definition of concussion and its symptoms were provided for the participants. The
strengths of this questionnaire were that it provided a clear time frame from pre- to post-injury. When compared
with the study by Gardner et al.,® the use of the Rivermead Questionnaire covers symptoms ‘now’ compared to
‘before the accident’. This is seen as a limitation to this study as there is an unclear time frame to when the injury
occurred and the number of concussions/TBI sustained over one’s career.®® Hume et al.’s’ questionnaire included
the number of times participants had received, or not received, medical attention for a head injury and had lost

consciousness from a head injury.

Similar to other studies® included in this review, the study by Jordan et al.® utilised a participant survey
to determine TBI history. The survey asked for the number of acute head injuries that resulted in post-concussion
symptoms (dizziness, lightheadedness, forgetfulness) or loss of consciousness.® Through the description of the
survey provided, the authors strengthen this measure through determining a more comprehensive view of
concussion/TBI history. This included, for example, first age of head injury, number of head injuries reported,
and not reported, or the severity of the reported head injuries. This may be particularly important as athletes, and
other sportspeople, have shown non-reporting of concussion symptoms resulting in no medical attention for the
head injuries sustained in sport.®-%

Fadnes et al.®’

described potential issues in self-reporting for epidemiological studies, including social
desirability bias, selective recall, issues with question phrasing, and decreased accuracy over time in a ‘recall
period’. Question phrasing in surveys, and written questionnaires have the potential to alter the responses from
participants.®” Selective recall and issues with recall period may be particularly relevant when considering the
reporting of head injury and TBI, and its impacts of cognitive functioning (including memory). The implications
of memory recall issues may be further exacerbated by the effects of heavy alcohol use on cognition.?
Additionally relevant is question phrasing in self-reported measures.®” In determining participants’ history of head
injury sustained in sport, this could look like providing clear definitions of key terms, avoiding loaded questions,

and considering possible bias through long recall periods or selected recall.
4.5.2 Cognitive functioning and psychological measures

Three cross-sectional studies® " ® included in this review reported on cognitive functioning. These studies

utilised a range of cognitive tests reporting on measures of working memory, processing speed, verbal fluency,
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and fine motor functioning. The range of the cognitive tests utilised were similar across these studies, ® " ° and
each study utilised previously piloted, published and validated tests.

Reporting on retired professional rugby league players, Gardner et al.° identified no meaningful
differences between groups for cognitive functioning based on a composite score. This composite score was
calculated using the mean of the scores for test measuring attention, processing speed, learning and memory, and
fluid executive function. The most notable difference identified was the finding that retired players performed
worse with fine-motor dexterity and speed using the non-dominant hand. This was discussed by the authors as
possibly resulting from injuries sustained during the participants’ sports careers.® This could be viewed as
somewhat conflicting evidence of deficiencies, or decline, in cognitive functioning for athletes because of
repeated mTBI in sport. Although the importance of recording alcohol use in participants strengthen the
relevance for the research area, a larger sample size may be needed. This would assist with the analysis of
participants cognitive functioning to determine the impact of changes in fine motor functioning in this population.
The findings of this study were like some of the included studies but conflicted with another study’s’ findings that

demonstrated differences in cognitive impairment across participants.

Reporting on retired elite rugby union players, Hume et al.” assessed cognitive functioning utilising the
CNS Vital Signs neuropsychological test battery. The findings demonstrated that the elite rugby group (103
players) had poorer performance on processing speed tests, complex attention, cognitive flexibility, and executive
functioning.” The community rugby group (193 players) also had a poorer performance when compared with the
non-contact sports group on tests of executive functioning and cognitive flexibility. Overall, the rugby player
participants (who had a substantially higher rate of concussions sustained through sport than the non-contact sports
group) showed impairments in cognitive functioning. The study’ reported no meaningful correlation of the
players’ AUDIT scores and alcohol use in relation to these findings. As a result, alcohol use was not examined as
a covariate in the analysis of the participants.” A strength of this study were the definitions given for cognitive
measures (i.e., complex attention, executive function, cognitive flexibility), their functions and relevance for the
participant population. Considering the research previously reported, Hume et al.’s’ findings corroborate the

evidence that points toward cognitive deficits because of repeated mTBI and the presentation of CTE.

The study by Mathias et al.® utilised verbal and visual memory, verbal fluency, abstract reasoning and
problem solving in addition to psychosocial and emotional tests for depression and injury-related stress. The
scores recorded for vocabulary, visual and verbal memory were average- to above-average for the three participant
groups (physical assault TBI, sporting/athlete TBI, and orthopaedic control [OC] groups).® Performance of
cognitive functioning throughout the three groups were generally good.® However, the TBI assault group had
below average scores for the Logical Memory-Immediate test.® The TBI sport group had the lowest mean of the
AUDIT scores in comparison to the TBI assault and OC group.® This demonstrated that alcohol use in the
participant group did not show a meaningful correlation for cognitive functioning. The only test that did correlate

with AUDIT scores was the immediate memory (Wechsler Memory Scale).® The finding that alcohol use did not
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substantially affect outcomes was similar to Gardner et al.’s” study, although both had relatively small participant
groups of sport participants at n=26 and n=16, respectively.

4.5.3 Medical imaging techniques

Two studies®® included in this review utilised medical imaging techniques to determine neuropathological
and neurodegenerative outcomes. Both studies were heterogenous in their methodology and the findings are
narratively synthesised to enable comparisons.

Reporting on 20 athletes (elite soccer players) and 20 age-matched track athletes, Jordan et al.’s® study
investigated CTE clinicopathology to determine whether neurodegenerative outcomes occurred because of the
repeated heading of the soccer ball. The authors utilised the CAGE alcohol use tool® to eliminate alcohol use as
a confounding variable for outcomes. This was undertaken as it was reported that previous studies had
methodologic problems with lack of valid screening for alcohol.® MRI changes were also described as being
associated with alcohol use as a justification for this measure inclusion in the study.® The authors reported no
statistical differences were identified for alcohol use between the soccer athlete group and track athlete control
groups. No correlation was also found between measures of alcohol use and head injury symptoms or the MRI

findings.?

The use of the CAGE alcohol use tool to score alcohol history in this study has been previously discussed
(see 4.4 Alcohol use).As previously identified, there were no significant statistical differences identified between
the study groups and the authors reported that the finding suggest that any evidence of encephalopathy was more
related to acute head injuries playing soccer than from repetitive heading.® This was somewhat nuanced in the
discussion, where Jordan et al.® (p. 209) raised the possibility that repeated heading of the ball may exacerbate the
effects of acute head injuries. Of interest in this study was the finding (demonstrated in Table 3 of Jordan et al.’s
1996 study)? that three of the soccer players had cavum septum pellucidum. Cavum septum pellucidum is a
commonly seen neuropathological characteristic of CTE. This is largely taken as strong evidence for the presence
of CTE, as this pathology is rare in a normal, healthy population.®® Participants in this study® were also young
(soccer mean age 24.8 years old; track athletes mean age 26.4 years old) and were actively involved in sport. The
authors acknowledged?® that the possibility of delayed presentation of CTE clinicopathology could not be excluded
due to this limitation. Of note the small sample size of the study possibly limits the generalizability of the findings

to the larger population of athletes.

Although the study by Gardner et al.® had a similar sample size, the participants were older (38.3 +4.6
yrs.t vs. 24.8 +£3.2 yrs.?). The study® enrolled 16 retired rugby players and included 16 age- and education-matched
controls with no history of contact-sports participation and no history of TBI. The main findings of this study
identified that although athletes had a significantly (p<0.01; Cohen’s d=1.49) higher rate of alcohol use as
demonstrated in their AUDIT scores, the control group showed significant correlations (r=0.52; p<0.05) between

their AUDIT scores and the presence of neurometabolites.® This conflicted with the authors systematic review of
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the literature where they reported no consistent findings on magnetic resonance spectroscopy (MRS) associated
with the use of alcohol but modest evidence for reduced N-acetyl-aspartate (NAA) levels, reduced choline and

increase of creatine as a result of ‘chronic’ alcohol use.®

The study® reported that it may be possible that alcohol use was associated with MRS outcomes in both
groups. This may have conflicted with their findings for the athlete group. Neurometabolites have been
demonstrated to show similar changes through MRS imaging to CTE pathology.*® Alosco et al.®* discussed that
‘in vivo’ presentation of CTE biomarkers could be identified through MRS measures. Limitations of this method
surround the small sample sizes utilised in these studies and the inability to confirm the diagnosis of CTE.% It
could be inferred through this study,® but similar to Jordan et al.’s® study, the limited sample size and age range
limits generalizability of these findings. However, these studies provided a preliminary basis for further research

to be conducted.

4.6 Limitations

Heterogeneity of the ways the variables were assessed between studies, and participant characteristics,
meant the ability to make inter-study comparisons through statistical analysis was restricted. Data were
consequently synthesized using a narrative approach. Limitations of this dissertation and its systematic review
included potential issues with the search strategy and the lack of ability to make comparisons due to the

heterogeneity of studies.

A limitation of this study may have been the restriction of search results or possibly restricting papers due
to the search strategy. This could mean that relevant articles that used alternate terms which may have been useful
for the review, or which met inclusion criteria were excluded. To mitigate this possibility, the keywords searched
covered a broad range of search terms surrounding neurodegenerative outcomes, sports players, and cognitive
functioning, as is described in section 2.6 Search strategy of the Methods. As there were only five articles that
met inclusion criteria for the review the impact of excluding relevant studies may be significant, albeit all five
articles generally showed no significant evidence of alcohol use as a modifier for outcomes. Further, potentially
relevant articles published past the dates of the search strategy, and articles that were solely published in databases

that this study did not include, would have been removed from consideration.

An additional limitation of this study is the restriction of the ability to make inter-study comparisons
between the five articles, particularly with statistical data, due to the heterogeneity of outcome measures (i.e., how
terms were defined, measured, and interpreted). This included three different forms of alcohol use measures (the
AUDIT, CAGE and medical record query), different forms of concussion/TBI assessment across all studies, and
some differing cognitive tests, although there were similarities across tests for this outcome measure. The
restriction of inter-study comparisons may be due to the overall lack of research on the topic, particularly with the
inclusion of alcohol use history in athlete participants and the linkage with this history with either cognitive or

neurodegenerative outcomes in the same group. Through this dissertation, a gap in the literature surrounding its
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research question has been highlighted. Having a higher number of articles that met inclusion criteria in this

dissertation would enhance its ability to draw conclusions surrounding its research aim.

4.6 Recommendations

Recommendations for further research in this topic area and the political and societal implications for this
research are discussed, in addition to correspondence with two leading authors/researchers in sports mTBI and
CTE. The findings of this dissertation have contributed to the literature through its attempt to gather and synthesise
the available evidence of alcohol use as a modifier for cognitive and neurodegenerative impacts on athletes with
a history of TBI. Through the introduction and literature review it has become evident that:

» Heavy alcohol use is known to cause impairment in cognitive functioning for some individuals over

time;?

«  Alcohol misuse is a known contributor to both neurological and organic brain damage;*’ %
» In severe and rare cases, the impacts of alcohol use disorder can implicate in a condition similar to

dementia, Wernicke Korsakoff syndrome;®
« There is agap in the literature for studies that have empirically observed the impacts of alcohol use in the

athlete population for their cognitive and neurological health.

The literature review of the five included studies has demonstrated that:
» Alcohol use has demonstrated to not be associated with impairment in different aspects of cognitive
functioning for some athlete participant groups (Gardner et al., 2017;® Hume et al., 2016;’ Mathias et al.,
2014%):
«  Alcohol use has not been seen to impact on MRI findings (Jordan et al.®);

«  Alcohol abuse has been seen in higher frequencies in CTE cases (Bieniek et al.%).

The need to understand the risk factors and clinicopathological correlation of CTE is required and Schwab
and Hazrati®® have identified that prospective longitudinal studies were needed to understand this. As reported,
due to the paucity of studies that met the inclusion criteria of this systematic review, and therefore only limited
confidence that there is not currently any evidence that alcohol is a risk factor but there were limitations in the
included studies that limit the ability to explore this fully. Therefore, further research is warranted to further
explore if alcohol is a risk factor and clinicopathological correlation of CTE. In particular it is recommended that:

» A more standardised research approach be undertaken specifically looking at alcohol use and longitudinal

changes post head injury; and

» An appropriate methodological approach be identified that accounts for all the limitations identified.

Areas to be addressed should include:

e Reliable and valid measure of alcohol use over time;

e Larger sample sizes to enable moderate to strong correlations to be established;
¢ Bias in participant groups (e.g., with autopsy studies); and

e Accounting for additional external variables (other behavioural health modifying factors).

34



5.0 CONCLUSIONS

This systematic review aimed to identify and critique the literature to explore whether alcohol use was a
modifier in the clinical presentation of neuropathology and cognitive functioning of athletes with a history of
mTBI. The studies were rated as being of moderately good quality (75-80% met criteria with ‘yes’ responses)
through the BMJ AXIS tool. The small sample sizes of participants, different alcohol assessment tools, concussion
history assessment and various cognitive functioning and psychological measures utilised raised questions of the
validity and reliability of the reported outcomes as well as the potential for generalizability to the larger
population. Despite this, there was no conclusive evidence for the potential role of alcohol use as a modifier in
long-term cognitive functioning, neurodegenerative outcomes, or the possible increased likelihood of the post-
mortem diagnosis of CTE for athletes with a history of TBI. It is understood that, although it appears unlikely that
heavy alcohol use produces a tau pathology that is CTE-like, alcohol may appear as a confounder for CTE for
numerous reasons. People with a history of TBI may well use alcohol to self-medicate leaving individuals who
have problems with alcohol misuse and play contact sports professionals at higher risk for further problems.
Further, alcohol misuse is one of the strongest ‘predictors’ of TBI, potentially putting individuals at a risk of
further head injury. Given the paucity of included studies that met the inclusion criteria, and therefore only limited
confidence that there is no evidence of alcohol as a modifier, it is recommend a more standardised methodological

approach to further research reporting on alcohol use and longitudinal changes post head injury is warranted.
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both inclusion and exclusion criteria.
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Give details of the study designs (e.g. RCT) that are eligible for inclusion in the review. The preferred format
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includes both inclusion and exclusion criteria. If there are no restrictions on the types of study, this should be
stated.

Retrospective or prospective observational studies, case studies and case series looking at influence of
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23. Context.

Give summary details of the setting or other relevant characteristics, which help define the inclusion or
exclusion criteria.

Studies in the community from any country will be included.

24. * Main outcome(s).

Give the pre-specified main (most important) outcomes of the review, including details of how the outcome is
defined and measured and when these measurement are made, if these are part of the review inclusion
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Measures of effect

Please specify the effect measure(s) for you main outcome(s) e.g. relative risks, odds ratios, risk difference,
and/or 'number needed to treat.

25. * Additional outcome(s).

List the pre-specified additional outcomes of the review, with a similar level of detail to that required for main
outcomes. Where there are no additional outcomes please state ‘None’ or ‘Not applicable’ as appropriate
to the review

Alzheimer, Dementia, mild cognitive impairment

Measures of effect

Please specify the effect measure(s) for you additional outcome(s) e.g. relative risks, odds ratios, risk
difference, and/or 'number needed to treat.

26. * Data extraction (selection and coding).

Describe how studies will be selected for inclusion. State what data will be extracted or obtained. State how
this will be done and recorded.

Titles and abstracts of potentially eligible articles will be reviewed against the inclusion/exclusion criteria by
one reviewer. Those where eligibility is unclear will be retained and the full article obtained. A second
reviewer will check 10% to determine level of agreement against the criteria. Full articles will be obtained and
reviewer against the criteria independently by two authors. Any disagreement will be resolved through

discussion with a third team member until a consensus is reached. All decisions will be recorded in excel.

27. * Risk of bias (quality) assessment.

State which characteristics of the studies will be assessed and/or any formal risk of bias/quality assessment
tools that will be used.

Quality of assessment will be undertaken using the ROBINS | Risk of Bias for non-randomized
(observational) studies. One reviewer will assess the quality of included studies which will be

checked="checked" value="1" by a second reviewer. Any disagreements will be resolved by a third reviewer.
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28. * Strategy for data synthesis.

Describe the methods you plan to use to synthesise data. This must not be generic text but should be
specific to your review and describe how the proposed approach will be applied to your data. If meta-
analysis is planned, describe the models to be used, methods to explore statistical heterogeneity, and
software package to be used.

Narrative synthesis

29. * Analysis of subgroups or subsets.

State any planned investigation of ‘subgroups’. Be clear and specific about which type of study or
participant will be included in each group or covariate investigated. State the planned analytic approach.

No subgroups will be included

30. * Type and method of review.
Select the type of review, review method and health area from the lists below.

Type of review

Cost effectiveness
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Epidemiologic
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Individual patient data (IPD) meta-analysis
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Living systematic review
No

Meta-analysis
No

Methodology
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Narrative synthesis
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Network meta-analysis
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Pre-clinical
No

Prevention
No
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No

Prospective meta-analysis (PMA)
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Review of reviews
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Synthesis of qualitative studies
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Systematic review
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Other
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Health area of the review

Alcohol/substance misuse/abuse
Yes

Blood and immune system
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Cancer
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Care of the elderly
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COVID-19
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Education
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Health inequalities/health equity
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Infections and infestations
No

International development
No

Mental health and behavioural conditions
No

Musculoskeletal
No

Neurological
Yes

Nursing
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Oral health
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Palliative care
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Perioperative care
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Pregnancy and childbirth
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Public health (including social determinants of health)
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Rehabilitation
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Service delivery
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Social care
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Tropical Medicine
No

Urological
No

Wounds, injuries and accidents
No

Violence and abuse
No

31. Language.

Select each language individually to add it to the list below, use the bin icon to remove any added in error.
English

There is not an English language summary

32. * Country.

Select the country in which the review is being carried out. For multi-national collaborations select all the
countries involved.

New Zealand

33. Other registration details.

Name any other organisation where the systematic review title or protocol is registered (e.g. Campbell, or
The Joanna Briggs Institute) together with any unique identification number assigned by them. If extracted
data will be stored and made available through a repository such as the Systematic Review Data Repository
(SRDR), details and a link should be included here. If none, leave blank.

NA

34. Reference and/or URL for published protocol.

If the protocol for this review is published provide details (authors, title and journal details, preferably in
Vancouver format)

NA
Add web link to the published protocol.
Or, upload your published protocol here in pdf format. Note that the upload will be publicly accessible.

No | do not make this file publicly available until the review is complete

Please note that the information required in the PROSPERO registration form must be completed in full even
if access to a protocol is given.

35. Dissemination plans.

Do you intend to publish the review on completion?

Yes
Give brief details of plans for communicating review findings.?
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A summary will be available on the TBI Network website TBIN.aut.ac.nz

36. Keywords.

Give words or phrases that best describe the review. Separate keywords with a semicolon or new line.
Keywords help PROSPERO users find your review (keywords do not appear in the public record but are
included in searches). Be as specific and precise as possible. Avoid acronyms and abbreviations unless
these are in wide use.

Systematic review, alcohol, CTE, sport, dementia

37. Details of any existing review of the same topic by the same authors.

If you are registering an update of an existing review give details of the earlier versions and include a full
bibliographic reference, if available.

NA

38. * Current review status.

Update review status when the review is completed and when it is published.New registrations must be
ongoing so this field is not editable for initial submission.
Please provide anticipated publication date

Review_Completed_published

39. Any additional information.

Provide any other information relevant to the registration of this review.

None

40. Details of final report/publication(s) or preprints if available.

Leave empty until publication details are available OR you have a link to a preprint (NOTE: this field is not
editable for initial submission). List authors, title and journal details preferably in Vancouver format.

NA

Give the link to the published review or preprint.
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Appendix B — British Medical Journal Appraisal Tool for Cross-Sectional Studies (BMJ AXIS)
Appraisal of Cross-sectional Studies

Question Yes | No | Don’t know/
Introduction
1 Were the aims/objectives of the study clear? ‘
Methods
2 Was the study design appropriate for the stated aim(s)?
3 Was the sample size justified?
4 Was the target/reference population clearly defined? (Is it clear
wiha tha racanveh wiac alhan+d)
5 Was the sample frame taken from an appropriate population base
so that it closely represented the target/reference population
6 Was the selection process likely to select subjects/participants
that were representative of the target/reference population
7 Were measures undertaken to address and categorise non-
nnnnnn Aarve?d
8 Were the risk factor and outcome variables measured appropriate
to the aims of the study?
9 Were the risk factor and outcome variables measured
correctly using instruments/measurements that had been
10 | Isitclear what was used to determined statistical significance
and/or precision estimates? (e.g., p-values, confidence
11 | Were the methods (including statistical methods) sufficiently
described to enable them to be repeated?
Results
12 | Were the basic data adequately described?
13 | Does the response rate raise concerns about non-response bias?
14 | If appropriate, was information about non-responders described?
15 | Were the results internally consistent?
16 | Were the results presented for all the analyses described in the
methods?
Discussion
17 | Were the authors' discussions and conclusions justified by the
results?
18 | Were the limitations of the study discussed?
Other
19 | Were there any funding sources or conflicts of interest that may
affect the authors’ interpretation of the results?
20 | Was ethical approval or consent of participants attained?




