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ABSTRACT 

APOLIPOPROTEIN E GENOTYPE AND HEAD IMPACT RESPONSE 

IN HIGH SCHOOL ATHLETES 

by Jamie L. Mansell 

Doctor of Philosophy 

Temple University, May 2012 

Major Advisor: Dr. Michael Sitler 

 The primary purpose of this study was to determine the 

association between Apolipoprotein E (APOE) genotype and 

head impact response in high school athletes.  The 

secondary purpose was to determine if quality of life (QoL) 

and cognitive functioning scores significantly differ 

between Apolipoprotein (APOE) rare allele carriers versus 

non-carriers within a poor head impact response (PHIR) 

group of high school athletes.  Thirty (28 males, 2 females) 

high school athletes playing high head impact sports 

participated in the study.  A between-subjects design was 

used.   

 Primary aim one independent variable was genotype 

(i.e., APOE E4 carriers vs. non-carriers and APOE G-219T 

carriers vs. non-carriers) and dependent variable was group 
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[i.e., normal head impact response (NHIR) vs. PHIR].  

Statistical analysis consisted of Fisher’s exact tests.  

Alpha level was set at p < .05.  Primary aim two was to 

determine if QoL and cognitive functioning scores 

significantly differed between APOE rare allele carriers 

versus non-carriers within a PHIR group of high school 

athletes.  A relationship did not exist between the primary 

dependent variables (QoL and cognitive function) or 

secondary dependent variables (QoL sub scores).  Therefore, 

statistical analyses for each genotype consisted of four 

independent samples t-tests with Bonferroni correction.  

Alpha level was set at p ≤ .006 (.05/8). 

 There was no significant association found between 

head impact response groups and carriers of the E4 or G-

219T promoter rare alleles.  There was a statistically 

significant difference ( p = .002) in the overall QoL scores 

between APOE G-219T promoter rare allele carriers versus 

non-carriers within the PHIR group.  No other statistically 

significant differences were found; however, there was a 

trend ( p = .007) found in the psychosocial subscores in the 

APOE G-219T promoter rare allele carriers versus non-

carriers within the PHIR group.  Carrying an APOE rare G-

219T rare allele was associated with significantly lower 
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QoL scores within the PHIR group, these results indicate 

that athletes with intrinsic (e.g., genotype) risk factors 

may need more education and different treatment following 

head impacts. 
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CHAPTER 1 

APOLIPOPROTEIN E GENOTYPE AND HEAD IMPACT RESPONSE 

IN HIGH SCHOOL ATHLETES 

Introduction 

 A concussion is a brain injury caused by acceleration 

forces occurring to the head directly or indirectly (e.g., 

whiplash) and is characterized by various signs and 

symptoms (s & s), including headache, nausea, confusion, 

blurry vision, irritability, and memory disturbances 

(McCrory et al., 2009). While considered a mild traumatic 

brain injury (MTBI), concussions can result in poor short- 

and long-term outcomes, including depression (Guskiewicz et 

al., 2007; Holsinger et al., 2002), emotional disturbances 

(Macciocchi, Barth, and Littlefield, 1999), increased risk 

of subsequent concussion (Guskiewicz et al., 2003) and 

concussive s & s (Schatz, Scolaro Moser, Covassin, & Karpf, 

2011), decreases in cognition (Covassin, Elbin, Kontos, & 

Larson, 2010; Guskiewicz et al., 2005), and poor quality of 

life (Kuehl, Snyder, Erickson, & Valovich McLeod, 2010). 

 Health-related quality of life (QoL) represents the 

patient’s perception of their physical and psychosocial 

well-being shaped by their individual beliefs, values and 
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experiences (Testa & Simonson, 1996).  A patient’s QoL 

following disease or injury should be an important factor 

when determining the course of treatment for the individual 

(Wallander, Schmitt, and Koot, 2001).  Instruments used to 

measure health-related QoL encompass both physical and 

psychosocial domains, including the subareas of emotional, 

social and role functioning (World Health Organization, 

1948).  The presence of concussive s & s may diminish QoL 

(Kueh et al., 2010).  Lower QoL has been identified in 

athletes following concussion (Mainwaring et al., 2004) in 

a dose response (Kuehl et al., 2010).  This illustrates 

that in athletes who have a worse response to repetitive 

head impacts (i.e., more instances of s & s), QoL may be 

diminished. 

 An estimated 1.6 to 3.8 million sports-related 

concussions occur each year (Langlois, Rutland-Brown, & 

Wald, 2006), with males and females between 10 and 19 years 

of age having the highest rate of sport- and recreation-

related nonfatal concussions (Gilchrist, Thomas, Wald, & 

Langlois, 2007).  Within high school athletics, high head 

impact sports (i.e., football, soccer and lacrosse) have 

the highest concussion incidence rates, which has increased 

by approximately 15.5% annually over the past 11 years 
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(Lincoln et al., 2011).  While these increases are high, it 

is probable that the true incidence is unknown due to 

underreporting (Mansell et al., 2010; Williamson & Goodman, 

2006) and a lack of knowledge regarding s & s in this age 

cohort (Langlois et al., 2006; Valovich McLeod, Schwartz, 

and Bay, 2007).  

Head impact exposure is inherent in some sports and 

may increase the likelihood of poor outcomes (Jordan et al., 

1997; Mansell et al., 2010; Talavage et al., in press).  

Within the sport of boxing, where athletes’ heads are 

repeatedly subjected to impacts, more than 50% of a group 

of older boxers exhibited mild to severe impairment in 

cognition, without a recent diagnosed concussion (Jordan et 

al., 1997).  These impairments were worse in the boxers 

with the highest exposure to head impacts (Jordan et al., 

1997), indicating that greater exposure to head impacts 

increases the likelihood of negative outcomes (i.e., 

Chronic Brain Injury).  In one cohort of collegiate soccer 

and football athletes, 60% reported experiencing s & s 

following head impacts within the previous year, yet 

reported never having a concussion (Mansell et al., 2010).  

Within a high school population, players exhibiting no s & 

s of a concussion scored significantly lower on the ImPACT 
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test and functional MRI than their baseline tests (Talavage 

et al., in press), which likely would have been missed had 

the athletes not been participants in the research study.  

In a retrospective study of high school soccer athletes, 

approximately 48% sustained a concussion within the 

previous year, as evidenced by responses on a s & s 

checklist; however, only 15% recognized those s & s as a 

concussion (Delaney, Al-Kashmiri, Drummond, & Correa, 2008).  

These studies highlight the fact that many concussions 

across all age ranges are being missed as athletes play 

while symptomatic and long-term effects may accumulate 

(Delaney et al., 2008).  It is clear that the sensitivity 

of the current method of grouping research participants 

into athletes who have diagnosed concussions versus 

athletes who do not is low.  The current study attempts to 

address this issue by utilizing a novel approach to 

grouping research participants based on head impact 

response and not confirmed concussion diagnosis.   

Athletes sustaining multiple concussions are at 

particular risk of poor outcomes, both short and long term.  

Athletes presenting with two or more concussions report 

more concussive symptoms at baseline (Schatz et al., 2011), 

have lower memory composite scores during post-injury 
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testing and demonstrate memory declines from pre to post-

testing when compared to non-injured controls (Iverson, 

Gaetz, Lovell, & Collins, 2004).  In addition, retired 

professional football athletes with three or more 

concussions are five times more likely to report mild 

cognitive impairments and three times more likely to report 

memory impairments than athletes with no previous history 

of concussion (Guskiewicz et al., 2005). Asymptomatic high 

school athletes with a non-recent history of two or more 

concussions are indistinguishable from high school athletes 

with a recent concussion in measures of memory and 

concentration (Scolaro Moser, Schatz, & Jordan, 2005).  

Multiply concussed athletes also experience a greater 

quantity and more severe on-field markers of concussion 

(e.g., loss of consciousness) than non-concussed 

individuals (Collins et al., 2002).  These differences may 

reflect a lower concussion threshold in athletes with a 

history of multiple concussions (Collins et al., 2002).  

A kinematic concussion threshold is difficult to 

establish because the accelerations required to cause 

injury are dependent on intrinsic and extrinsic factors.  

Extrinsic factors include impact magnitude, direction, and 

location (Broglio et al., 2010; Ommaya & Gennarelli, 1974; 
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Pellman, Viano, Tucker, and Casson, 2003).  Intrinsic 

factors include head position upon impact  (Ommaya, 1995),  

history of concussion and the number of head impacts 

sustained in the period prior to the concussion (Guskiewicz 

et al., 2007).  When extrinsic factors are controlled, 

variable clinical outcomes still occur  (Broglio et al., 2010; 

Mansell et al., 2010; McCrory, Johnston, Mohtadi, and 

Meeuwise, 2001), supporting the theory that the athlete’s 

intrinsic characteristics are important factors (Ommaya, 

1995; Guskiewicz et al., 2007).  One possible varying 

intrinsic factor is a person’s genotype.   

Genetic variability is normal in the population but 

can result in variation in outcomes or phenotype.  This is 

because an individual’s genotype determines the structure 

and function of their body’s proteins and, ultimately, how 

their body responds to an event (e.g., drug, head impact).  

If a commonly occurring variation (e.g., single nucleotide 

polymorphism) exists in the coding region of a gene, the 

protein’s structure may be altered, ostensibly altering the 

function of the protein as well.  For example, 

polymorphisms in the Apolipoprotein E gene (APOE) alter the 

structure and, subsequently, the function of the protein in 

encodes, apolipoprotein E (apoE).     
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 ApoE is a plasma lipoprotein produced by the liver and 

found in many areas of the body, including the adrenal 

glands, spleen and brain (Elshourbagy, Liao, Mahley, & 

Taylor, 1985).  Within the brain, apoE has been found in 

neurons (Han et al., 1994) and astrocytes in all major 

brain subdivisions, including the processes that connect 

the astrocytes to the neural tissue inferior to the pia 

mater and along the blood vasculature.  Because it is found 

in Golgi apparatuses and vesicles of glial epithelial 

tissue, apoE is hypothesized to be a secretory product of 

the astrocytes (Boyles, Pita, Wilson, Mahley, & Taylor, 

1985).  ApoE contributes to nervous tissue healing by 

aiding in neuron protection and repair via the 

transportation of lipids, as demonstrated by its 

upregulation post-neuronal stress (Pitas, Boyles, Lee, Hui, 

& Weisgraber, 1987).  Specifically, apoE is synthesized by 

a cell and assists in the transport of cholesterol from one 

cell to another, which is then used for biosynthetic 

purposes within the tissue (Mahley, 1988).   

  APOE genetic variations (e.g., rare alleles) occur 

in the promoter (i.e., G-219T) and coding (e.g., E4) 

regions (Artiga et al., 1998), which can affect apoE 

quality and quantity, respectively (Roth, 2007).  The 



 

 

8
altered neural environment created by APOE rare alleles may 

influence the ability of neurons to function and recover 

properly from mechanical stress, which could be 

particularly hazardous if carried by athletes with high 

head impact exposures.  Additionally, apoE is co-localized 

with several types of amyloid deposits in the diseased 

(Gallo, Wisniewski, Chio-Miura, Ghiso, & Frangione, 1994) 

and injured (Nicoll, Roberts, & Graham, 1996) brains.  Yet 

to be determined, is if an increased likelihood of 

concussion exists following one impact or multiple sub-

concussive impacts in athletes who possess one or more APOE 

rare alleles. 

 There is some evidence that APOE E4 is associated with 

positive outcome following brain injury (Chamelian, Reis, 

and Feinstein, 2004; Han et al., 2007; Willemse-van Son, 

Ribbers, Hop, van Duijn, & Stam, 2008); however, the 

majority of research suggests the opposite. Carrying the 

APOE E4 rare allele (i.e., T/C Cys112Arg) has been 

associated with poor short and long term outcomes following 

head injury, including poor scores on neuropsychological 

assessments (Liberman, Stewart, Wesnes, & Troncoso, 2002; 

Sundström et al., 2004), cognitive assessments (Crawford et 

al., 2002), and the Glasgow Outcome Scale (Teasdale, Nicoll, 
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Murray, & Fiddes, 1997; Friedman et al., 1999; Zhou et al., 

2008; Kerr, Kraus, Marion, & Kamboh, 1999).  Additionally, 

carrying the E4 rare allele is associated with decreased 

cognitive assessment scores in active professional football 

players (Kutner, Erlanger, Tsai, Jordan, & Relkin, 2000). 

The interaction of APOE E4 and age (i.e., less than 15 

years of age) is significantly associated with poor Glasgow 

Outcome Scale scores post-severe brain injury (Teasdale, 

Murray, & Nicoll, 2005).  In addition, carrying the APOE E4 

rare allele is associated with increased risk of fatigue 

(Sundström et al., 2007), Alzheimer’s Disease (Corder et 

al., 1993) and increased Chronic Brain Injury scores 

(Jordan et al., 1997).  The risk of Chronic Traumatic Brain 

Injury is even more significant in high head impact boxers 

who have the E4 allele, suggesting a gene-environment 

interaction (Jordan et al., 1997).  Additionally, carrying 

the E4 allele is associated with cerebral amyloid 

angiopathy (Leclercq et al., 2005), A β deposition 

(Macfarlane, Nicoll, Smith, & Graham, 1999), and a trend 

towards lower cerebral blood flow (Kerr et al., 1999), 

which may play a role in concussion injury recovery.   

Within APOE, there are three recognized polymorphisms 

in the promoter region, at -491 (i.e., A/T transversion),  
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-427 (i.e., T/C transversion), and -219 (i.e., G/T 

transversion; Artiga et al., 1998).  Rare alleles at -219 

are associated with poor outcomes following head injury 

(Lendon, Harris, & Pritchard, 2003) and an increased 

likelihood of a previous and more severe concussion 

(Terrell et al., 2008).  In a pilot study, athletes 

presenting with three APOE rare alleles were nearly ten 

times more likely to self-report a history of concussion 

than non-carriers.  Additionally, athletes possessing the –

G-219T promoter rare allele were 8.4 times more likely to 

report a history of multiple concussions (Tierney et al., 

2010).  Athletes who are carriers of an APOE promoter rare 

allele seem to be at risk of poor outcomes (e.g., cognition 

and QoL), particularly if they receive or respond poorly to 

head impacts associated with sports.  

There has been a paucity of research examining the 

association between concussion occurrence and APOE genotype, 

particularly in high school athletes with high head impact 

exposures (i.e., football, hockey, and soccer athletes), 

who are at particular risk of poor outcomes.  Sequela as a 

result of a head impact may be captured in the direct 

assessment of their head impact response rather than in 

their concussion history.  Furthermore, if an athlete is an 
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APOE rare allele carrier, then they may not effectively 

cope or recover from the mechanical stress imposed during 

repetitive head impacts in some sports.  These genotypes, 

which may increase healing time for a concussed brain, 

could ultimately decrease athlete QoL.  In conjunction with 

the current individualized medicine trend, examining 

genetic factors involved in concussion outcome will allow 

clinicians to provide more individualized counseling and 

treatment options for at-risk athletes.  

Statement of the Purpose 

 The purpose of this study was to determine the 

association between Apolipoprotein E genotype and head 

impact response in high school athletes.  A secondary 

purpose was to determine if significant differences existed 

in QoL and cognitive function scores between APOE genotypes 

in PHIR high school athletes. 

Primary Aims and Hypotheses 

Primary Aim 1  

 To determine if carrying the APOE E4 and G-219T 

promoter rare alleles are significantly associated with 

head impact response group (NHIR versus PHIR) in high 

school athletes. 
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Hypotheses for Primary Aim 1 

 1.  Carrying the APOE E4 rare allele will be 

significantly associated with head impact response group 

(NHIR versus PHIR) in high school athletes. 

 2.  Carrying the APOE G-219T promoter rare allele will 

be significantly associated with head impact response group 

(NHIR versus PHIR) in high school athletes. 

Primary Aim 2 

To determine if QoL and cognitive functioning scores 

significantly differ between APOE rare allele carriers 

versus non-carriers within a PHIR group of high school 

athletes. 

Hypotheses for Primary Aim 2 

1.  There will be significant differences in overall 

QoL scores in APOE E4 rare allele carriers versus non-

carriers within the PHIR group of high school athletes. 

2.  There will be significant differences in cognitive 

function scores in APOE E4 rare allele carriers versus non-

carriers within the PHIR group of high school athletes.  

3.  There will be significant differences in 

psychosocial QoL subscale scores in APOE E4 rare allele 

carriers versus non-carriers within the PHIR group of high 

school athletes. 
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4.  There will be significant differences in physical 

QoL subscale scores in APOE E4 rare allele carriers versus 

non-carriers within the PHIR group of high school athletes. 

5.  There will be significant differences in overall 

QoL in APOE G-219T promoter rare allele carriers versus 

non-carriers within the PHIR group of high school athletes.   

6.  There will be significant differences in cognitive 

functioning scores in G-219T promoter rare allele carriers 

versus non-carriers within the PHIR group of high school 

athletes.     

7.  There will be significant differences in 

psychosocial QoL subscale scores in G-219T promoter rare 

allele carriers versus non-carriers within the PHIR group 

of high school athletes. 

8.  There will be significant differences in physical 

QoL subscale scores in G-219T promoter rare allele carriers 

versus non-carriers within the PHIR group of high school 

athletes. 

Methods 

Research Design 

 A between-subjects design was used in this study.  

Primary aim one independent variables were genotype and 

group (PHIR vs. NHIR).  The genotype variables were APOE 
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genotype at two different chromosomal locations.  The 

Single Nucleotide Polymorphisms (SNP) assessed were E4 (T/C 

Cys112Arg)  and G-219T promoter. A questionnaire was used to 

determine head impact response group assignment (NHIR vs. 

PHIR; Mansell et al., 2010).  Athletes who reported 

experiencing any sign or symptom of a concussion either 

sometimes (i.e., four to seven times) or often (i.e., eight 

to ten times) were placed into the PHIR group.  Athletes 

who reported never or rarely (i.e., one to three times) 

experiencing any signs or symptoms of a concussion were 

placed into the normal head impact response (NHIR) group. 

For primary aim two, the independent variable was APOE 

genotype. Pediatrics QoL Inventory (Peds QL) total score, 

psychosocial subscale score, physical subscale score and 

PedsQL Cognitive Functioning Scale scores were the 

dependent variables.   

Participants 

 Thirty (28 males and 2 females) high school athletes 

between the ages of 13 and 18 years were recruited to 

participate in the study.  Of the 30, 18 played soccer, 10 

played football, one played ice hockey, and one played both 

football and rugby.  Both female participants played soccer.  
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The average length of participation in sport was 7.46 years. 

Participant demographic data are presented in Table 1.  

 Inclusionary criteria included participation in high 

head impact sports (i.e., soccer, football, rugby or ice 

hockey), 13 to 18 years of age, and either a history of no 

diagnosed concussions or multiply diagnosed concussions.  

Participants were excluded if they had a history of brain 

surgery or major neurological disease (e.g., multiple 

sclerosis).  The Temple University Institutional Review 

Board approved the study. 

Participants gave written assent (Appendix B) and 

parents gave consent (Appendix C), signed Health Insurance 

Portability and Accountability Act (Appendix D) and Genetic 

Information Nondiscrimination Act (Appendix E) forms, and 

completed a Concussion History Questionnaire (Appendix F).   

Instrumentation 

Concussion History Questionnaire 

A paper and pencil assessment was used to verify 

participant’s eligibility and group assignment for the 

study (Appendix E).  Participants provided demographic data 

regarding their sex and ethnicity.  Sport-specific 

questions included sports in which they participate and 
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Table 1. Participant Demographics 

PIN Gender  Sport Part. Concussion  Group 

 1 M Soccer  5 0 NHIR 
 2 M Soccer  6 3 PHIR 
 3 M Soccer  4 0 PHIR 
 4 M Football  2 0 PHIR 
 5 M Football  4 0 PHIR 
 6 M Football  6 0 PHIR 
 7 M Soccer 10 0 PHIR 
 8 M Soccer  9 2 PHIR 
 9 M Soccer  5 0 PHIR 
10 M Soccer 10 0 NHIR 
11 M Soccer 10 0 PHIR 
12 M Soccer 11 2 PHIR 
13 M Ice Hockey  5 0 PHIR 
14 M Football  4 0 - 
15 M Soccer 12 0 NHIR 
16 M Football  2 0 PHIR 
17 F Soccer  9 0 PHIR 
18 M Soccer  8 0 NHIR 
19 M Soccer  7 0 NHIR 
20 M Soccer 10 3 PHIR 
21 M Soccer 10 0 NHIR 
22 M Soccer 11 0 PHIR 
23 F Soccer 10 0 NHIR 
24 M Football  5 0 NHIR 
25 M Football  9 0 PHIR 
26 M Football  8 0 PHIR 
27 M Football  4 0 NHIR 
28 M Football 10 0 NHIR 
29 M Football 

Rugby 
10 
 5 

0 PHIR 

30 M Soccer  8 0 NHIR 
Note : PIN = participant identification number.  M = male 
and F = female.  Part. = years played in sport. Concussion 
= number of documented concussions sustained. - = 
participant did not fill-out the signs and symptoms on the 
concussion history questionnaire.  Participant 29 was the 
only one to report playing multiple high head impact 
sports.    
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length of participation.  Participants also answered 

questions regarding their concussion history, including 

whether or not they had ever been diagnosed with a 

concussion by a physician or Board of Certification 

certified athletic trainer and how many diagnosed 

concussions they had incurred.  While self-report has its 

limitations, a statistically significant level of agreement 

has been reported between self-reported number of 

concussions and diagnosed concussions in the collegiate 

football population (Hecht & Kent, 2005).  In addition, the 

participants marked on a Likert-type scale how often during 

their last year of participation they experienced 

concussion s & s following a sports-related head impact.  

The possible answers were never (zero), rarely (one to 

three), sometimes (four to seven), often (eight to ten), 

and always (eleven or more). Athletes were assigned to the 

NHIR group if they answered “never” or “rarely” to all of 

the items on the list.  Athletes who answered “sometimes” 

or “often” to any item on the list were placed into the 

PHIR group (Mansell et al., 2010). 

Pediatric Quality of Life Inventory 
  Version 4.0 Teen Report 
 
 The Pediatric Quality of Life Inventory (PedsQL) 

Version 4.0 Teen Report (Appendix G) was used to assess 
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health related QoL specific to 13 to 18 year olds.  This 

paper and pencil assessment consists of 23 questions in the 

following domains: physical, emotional, social, and school 

functioning.  For each statement, there was a 1 to 4 

Likert-type scale where zero is never, 1 is almost never, 2 

is sometimes, 3 is often, and 4 is almost always.   

 For data analysis, the PedsQL was reverse scored and 

transformed to a 0 to 100 scale where higher scores 

indicate better QoL.  The scores were reversed by 

transforming the 0 to 4 scale as follows: 0 = 100, 1 = 75, 

2 = 50, 3 = 25, and 4 = 0.  The psychosocial health summary 

score was computed by summing the items over the number of 

items answered in the emotional, social, and school 

functioning categories.  The physical health summary score 

is the same as the physical functioning score.  The total 

score was computed by summing all of the items over the 

number of items answered on all the scales.  The Pediatrics 

Quality of Life Inventory has been used previously in the 

mild traumatic brain injured population (Pieper & Bear, 

2011) and has acceptable reliability ( α = 0.88) and 

validity (Varni, Seid, & Kurtin, 2001). 
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PedsQL Cognitive Functioning Scale 
  Standard Version Teen Report 
 

The PedsQL Cognitive Functioning Scale Standard 

Version Teen Report (Appendix H) was utilized to assess 

cognitive functioning specific to 13 to 18 year olds.  This 

paper and pencil assessment contains six questions in one 

domain, cognitive functioning.  For each statement, there 

was a 1 to 4 Likert-type scale where zero is never, 1 is 

almost never, 2 is sometimes, 3 is often, and 4 is almost 

always.   

 For data analysis, this assessment was reverse scored 

and transformed to a 0 to 100 scale where higher scores 

indicate lower cognitive functioning problems.  The scores 

were reversed by transforming the 0 to 4 scale as follows: 

0 = 100, 1 = 75, 2 = 50, 3 = 25, and 4 = 0.  This scale has 

been used previously in the mild traumatic brain-injured 

population (Pieper & Bear, 2011) and exhibits acceptable 

reliability ( α = 0.88) and validity (Varni et al., 2011).  

Genotype Assessment 

 DNA Collection.  Participants were asked to refrain 

from eating, drinking and smoking 30 min prior to saliva 

sample collection, following the paper and pencil 

assessments.  Saliva was collected in Oragene DNA Self-

Collection Kits (DNA Genotek, Ontario).   
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DNA Extraction and Genotyping.   DNA extraction and 

genotyping were performed at the Jayne Haines Center of 

Pharmacogenomics at the Temple University School of 

Pharmacy (Tierney et al., 2010; Mansell et al., 2010).  

Oragene (DNA Genotek, Ontario) containers containing the 

saliva samples were incubated in an air incubator at 50 °C 

for 1 hr.  Afterwards, the container was opened under the 

hood and 400µL was transferred into a 1.5 microcentrifuge 

tube (Eppendorf, Germany) labeled with the corresponding 

participant identification number.  Sixteen µL of Oragene 

Purifier were added to the sample and mixed by inversion 

for 2 to 3 min.  Following shaking, the tubes were 

incubated on ice for 10 min.  The samples were then 

centrifuged for 3 min at 13,000 rpm at room temperature.  

The clear supernatant was transferred into a new 1.5 

microcentrifuge tube labeled with the corresponding 

participant identification number and the remaining sample 

was discarded according to Occupational Safety and Health 

Administration regulations.  Two hundred µL of the 

supernatant from each sample was then transferred into 

sample tubes of the BioRobot EZ1 workstation (Qiagen, CA).  

Samples, elution tubes, and cartridges were loaded into the 

BioRobot EZ1 workstation and the extraction process began, 
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lasting approximately 20 min.  The BioRobot EZ1 uses magnet 

bead technology for extraction of DNA from different 

sources, including saliva, and is able to process about 50 

samples per day.  The end result was DNA eluted in a final 

volume of 200 µL in specified elution tubes labeled with 

corresponding participant identification number.  The DNA 

solution was then stored at 4 °C.  Purified DNA was 

quantified fluorometrically using a multichannel 

fluorometer M2 (Molecular Devices, CA), and dispensed in a 

96-well reaction plate using a robotic dispensing system 

epMOTION 5070 (Eppendorf, Germany). 

Genotyping was performed using pre-made TaqMan SNP 

Genotyping assays C___905013_10 (rs405509) and 

C___3084793_20 (rs429358) Applied Biosystems, CA). The 

genotyping was performed using an ABI 7300 Real-Time PCR 

instrument (Applied Biosystems, Foster City, CA) according 

to the manufacturer's instructions with modifications.  

Briefly, 5 to 20 ng (11.2 µl) DNA was added to each well of 

the 96-well reaction plate containing 13.8 µl reaction mix 

(12.5 µl 2xTaqMan Universal PCR Master Mix, No AmpErase UNG, 

and 1.25 µl 20XSNP Genotyping Assay Mix), along with 

negative (No Template Control) and positive (DNA samples 

with known genotype) controls in a final volume of 25 µl.  
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An Allelic Discrimination Assay was performed under the 

following parameters: step 1, incubation at 92 oC for 10 min; 

step 2, 40 cycles (incubation at 95 oC for 15 sec followed by 

incubation at 60 oC for 1 min). Control DNA samples with 

known genotypes (Coriell, New Jersey) were used for assay 

validation.  Analysis of DNA sequence variation was 

performed using Statistical Analysis Software Genetics 

Package (NV, USA).   

Procedures 

 Participants were solicited via flyers and 

advertisements that were e-mailed and mailed to high school 

athletic directors and Board of Certification certified 

athletic trainers from over 700 different high schools 

across the country.  Follow-up phone calls were made to 

each athletic director or certified athletic trainer who 

did not respond.  During the course of the data collection, 

recruitment efforts were increased by also sending e-mails 

to club sport teams and list-servs and posting the flyer on 

the Pennsylvania Athletic Trainers’ Society website.  On 

average, approximately 100 contacts were made each month 

over the course of an 18-month recruitment period.  Despite 

these increased recruitment efforts and the multiple 

different channels of recruitment, approximately 72 parents 
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verbally agreed to have their child participate in the 

study; however, only 30 completed and returned the research 

packets.  The remaining 42 parents were contacted by phone.  

The reasons given by those individuals who responded was 

that they were uncomfortable with the genetic sampling. 

Potential participants were asked to have their 

parents telephone the research team so that the procedures, 

benefits, and potential risks could be explained to them.  

Those interested individuals who met the inclusionary 

criteria and were free from exclusionary factors provided a 

home mailing address and a research package was mailed to 

their home for completion.   

 The participants and parents were again asked to call 

the research team immediately prior to the commencement of 

the study session. Researchers verified that the 

participant had received the complete research packet, 

answered any questions and reminded the parent that the 

data collection should be completed in a well-lit room with 

minimal distractions and would take approximately 30 min to 

complete.  The parents were asked to then read the detailed 

set of instructions included in the packet (Appendix A).   

The parents then read and signed the informed consent 

form.  The athlete read and signed the informed assent, 
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Health Information Portability and Accountability Act, 

Genetic Information Nondiscrimination Act and Concussion 

History Questionnaire forms.   

The parents were instructed to remind the participants 

before the PedsQL and Cognitive Functioning inventories 

that there are no right or wrong answers and that it is not 

a test and that the parents or research team may answer any 

questions throughout the study.  The participants read each 

statement under the domains and circled the degree in which 

each has been a problem during the past month.   

Following completion of the surveys, participants were 

instructed via pictures and written instructions how to 

expectorate saliva into the collection tube.  The 

participants were asked to expectorate into the collection 

tube until the saliva sample reached the fill line. They 

were asked to hand it back to the parent, who then properly 

closed the lid and inverted the tube so that the saliva and 

preserving fluid mixed properly.  When this was finished, 

the entire research package was mailed back to the research 

team for analysis.  Upon receipt of the completed packet, 

the researchers mailed a ten dollar gift card and a Centers 

for Disease Control concussion fact sheet to the 

participants. 
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Data Analyses 

Statistical Analyses 

The data were analyzed using descriptive and 

inferential statistics.  All statistical analyses were 

performed using SPSS (18.0; IBM, New York).  Primary aim 1 

was to assess an association between APOE genotype and head 

impact response (PHIR vs. NHIR).  Two candidate alleles 

(i.e., E4, and G-219T rare alleles) were analyzed for 

possible associations with head impact response group.  

Each was analyzed using a Chi-square analysis; however, the 

assumption that all four cells contain at least n = 5 

observed was not met under any of the conditions.  

Therefore, a Fisher’s Exact Test was utilized ( p <  .05). 

Primary aim 2 was to determine the effect of APOE 

genotype on QoL and cognitive functioning scores in high 

school athletes with PHIR. To assess potential covariates, 

Pearson Correlations were first performed among collected 

variables to determine strong relationships [(r >  .6) 

Portney and Watkins, 2000].  Four independent samples t-

tests were utilized to determine statistically significant 

differences between SNP genotypes in total QoL, cognitive 

functioning, psychosocial subscale, and physical subscale 

within the PHIR group.  If Levene’s test for equal 



 

 

26
variances was significant, the equal variances not assumed 

scores were utilized.  If Levene’s test for equal variances 

was not significant, the equal variances assumed scores 

were utilized.  For each set of SNP t-tests, an alpha level 

of p <  .00625 (0.05/8) was considered statistically 

significant. A priori power calculation indicated the need 

for 100 participants. 

Results 

 Group assignment data are presented in Table 2.  

Eighteen participants were assigned to the PHIR group and 

12 were assigned to the NHIR group.  Eight participants 

(26%) were carriers of the E4 rare allele and 22 (73%) were 

carriers of the G-219T promoter rare allele.   

Head Impact Response and APOE genotype 

 Statistical data and raw data are presented in 

Appendixes I and J.  The head impact response by genotype 

data are presented in Table 3.  There was no significant 

association between APOE E4 or promoter genotype and head 

impact response group. 
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Table 2. Group Assignment by Participant 
 

 
PIN 

 
Never 

 
Rarely 

 
Sometimes 

 
Often 

Group 
Assignment  

 1 11 3 0 0 NHIR 
 2  7 4 2 1 PHIR 
 3  7 6 1 0 PHIR 
 4  6 4 3 1 PHIR 
 5 10 3 1 0 PHIR 
 6  4 6 2 2 PHIR 
 7 11 2 1 0 PHIR 
 8  4 7 3 0 PHIR 
 9  8 2 4 0 PHIR 
10 14 0 0 0 NHIR 
11  6 5 2 1 PHIR 
12  9 2 1 2 PHIR 
13  8 5 0 1 PHIR 
15  9 5 0 0 NHIR 
16  5 7 2 0 PHIR 
17 10 1 2 1 PHIR 
18 12 2 0 0 NHIR 
19 10 4 0 0 NHIR 
20  3 5 3 3 PHIR 
21 12 2 0 0 NHIR 
22  6 4 2 2 PHIR 
23 12 2 0 0 NHIR 
24 14 0 0 0 NHIR 
25  9 3 2 0 PHIR 
26  5 5 2 2 PHIR 
27 10 4 0 0 NHIR 
28 14 0 0 0 NHIR 
29  7 6 0 1 PHIR 
30 14 0 0 0 NHIR 

Note: PIN = Participant Identification Number.  NHIR = 
Normal Head Impact Response.  PHIR = Poor Head Impact 
Response. Numbers indicate the amount of signs and symptoms 
that the participant scored in each category.  No 
participant reported always experiencing signs and 
symptoms; therefore, “always” was not included in the 
table. 
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Table 3. Head Impact Response by Genotype 

Genotype PHIR NHIR Fisher’s P 

    
E4 +  5 2  
E4 - 13 9 0.67 

    
Prom + 14 7  
Prom -  4 4 0.43 

    

Note : PHIR = poor head impact response.  NHIR = normal 
head impact response. + = rare allele carrier.  - = normal 
rare allele carrier.  

 

APOE Genotype, QoL Scores and Cognitive Functioning 
 Scores in PHIR Group 

 
 Genotype data for the PHIR group are presented in 

Table 4.  The QoL scores and Cognitive Functioning score by 

genotype are presented in Table 5 (i.e., E4) and Table 6 

(i.e., G-219T).  There was a statistically significant 

difference in the PedsQL overall score between carriers of 

the APOE G-219T promoter rare allele versus APOE promoter 

normal allele (Table 6).  Specifically, PHIR group rare 

allele carriers exhibited approximately 12% lower overall 

QoL scores versus normal allele carriers.  In addition, 

there was a trend in the PedsQL psychosocial sub score 

between APOE promoter rare allele carriers and non-carriers 

(Table 6). 
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Table 4.  Genotype Data by PHIR Participant 

PIN E4 G-219T 

 2 - + 
 3 + + 
 4 - + 
 5 + +* 
 6 - - 
 7 - +* 
 8 - - 
 9 - - 
11 - + 
12 - + 
13 + + 
16 - +* 
17 - + 
20 - + 
22 + + 
25 - + 
26 - - 
29 + + 

Note: - = does not possess any rare alleles for the 
specified genotype (i.e., homozygous normal).  + = 
possesses one rare allele for the specified genotype 
(i.e., heterozygous).  +* = possesses two rare alleles for 
the specified genotype (i.e., homozygous rare). 
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Table 5.  PHIR Group QoL and Cognitive Functioning    
          Scores by APOE E4 Genotype 

 
Non-Carrier 

(N = 13) 
Carrier 
(N = 5) 

Statistical 
Analysis 

Variables M SD M SD T p 

PedsQL Overall   87.7  +10.3   82.1  + 8.2   1.07  .299 

Psychosocial  87.2  +10.4   79.9 + 10.3   1.32  .203 

Physical 744.2  +56.0  690.0 + 94.5   1.52  .148 

Cognitive  78.8  +19.7   79.9 + 12.6  -0.11  .907 

Note : No significant carrier differences ( p <  .00625). 

 

Table 6.  PHIR Group QoL and Cognitive Functioning    
          Scores by APOE G-219T Genotype 

 
Non-Carrier 

(N = 4) 
Carrier 

(N = 14) 
Statistical 

Analysis 

Variables M SD M SD t p 

PedsQL Overall   94.8   + 3.1   83.7  + 9.7  3.65  .002*  

Psychosocial  94.5   + 4.8   82.5 + 10.4  3.25 .007 

Physical 762.5  +32.2  719.6 + 76.0  1.08 .296 

Cognitive  82.2  +24.8   78.2 + 16.1  0.39 .702 

Note : * Significant carrier difference ( p <  .00625). 
APOE promoter rare allele carriers N = 14 and non-
carriers N = 4. 
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Discussion 

 This is the first study to examine genotype and head 

impact response in high school athletes.  Being a carrier 

of any of the APOE rare alleles was not found to be 

significantly associated with head impact response.  

Carrying an APOE rare G-219T rare allele was associated 

with significantly lower QoL scores within the PHIR group, 

indicating that athletes with intrinsic and extrinsic risk 

factors may need more education and different treatment 

following head impacts.  

 The study utilized a novel approach to grouping 

research participants.  Out of 30 participants, only three 

reported experiencing no s & s following a head impact in 

the previous year, with 60% reporting experiencing at least 

one s & s sometimes or often.  This indicates that some of 

these athletes may be at-risk for long-term effects of 

concussion even though they are not being diagnosed.  It is 

known that athletes are not being diagnosed with 

concussions at a rate that is consistent with the true 

incidence of pathology due to underreporting (Mansell et 

al., 2010; Williamson & Goodman, 2006) and a lack of 

knowledge regarding s & s in this age cohort (Langlois et 

al., 2006; Valovich McLeod et al., 2007).  Historically, 
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researchers were reliant on athletes to report whether or 

not they had ever been diagnosed with a concussion to place 

them into either experimental or control groups.   

Since many athletes are not reporting s & s of a 

concussion (Mansell et al., 2010; Williamson & Goodman, 

2006) to medical and health personnel, current research is 

excluding a key subset of concussed athletes.  Athletes in 

high head impact sports (e.g., soccer, football) have the 

highest diagnosed concussion rates (Lincoln et al., 2011), 

yet also report s & s following participation in sport 

(Jordan et al., 1997) or sport-related head impacts 

(Mansell et al. 2010; Williamson & Goodman, 2006) without a 

diagnosis of concussion. Since evidence exists that 

athletes with multiple diagnosed concussions have poor 

outcomes (Collins et al., 2002; Guskiewicz et al., 2005; 

Iverson et al., 2004), questions about short and long-term 

outcomes in these undiagnosed individuals remain.  This 

novel approach to grouping participants may help to further 

elucidate short and long-term effects of head impacts. 

 High school athletes participating in high head impact 

sports within the PHIR group with the G-219T APOE rare 

allele scored significantly lower in overall QoL.  These 

results suggest that the explanation for variable outcomes 
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following head impacts is multi-faceted.  ApoE helps the 

cell cope with stress by stabilizing the cell membrane via 

cholesterol transport.  The ability of promoter rare allele 

carriers to handle stress may be diminished due to down 

regulation of apoE expression.  In athletes receiving 

repetitive head impacts, this may result in chronic 

neuronal dysfunction in affected brain areas, leading to 

poor QoL. 

These findings are similar to the greater chronic 

brain injury scores found in APOE E4 rare allele boxers 

with a head impact dose response (Jordan et al., 1997).  In 

that study, professional boxers who participated in 12 or 

more professional bouts had significantly greater scores 

than boxers with less head impact exposure.  The scores for 

low head impact exposure boxers was not statistically 

different based on APOE E4 genotype; however, high head 

impact boxers carrying the rare E4 allele had higher 

Chronic Brain Injury scores than the high head impact 

boxers who were not carriers of the rare allele.  These 

findings support the theory that there may be a gene by 

environment relationship to outcome following head impacts 

(Jordan et al., 1997).  While the current study found no 

significant differences between APOE E4 rare allele 
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carriers versus non-carriers, differences were found in the 

G-219T rare allele carriers versus non-carriers. 

There was a statistical trend ( p = .007) towards lower 

psychosocial sub scores in high school athletes carrying 

the G-219T APOE promoter rare allele and experiencing PHIR 

in the current study.  Valovich McLeod et al.(2009) found 

no differences in social functioning using a different 

instrument (e.g., SF-36).  Similar to the current study, 

lower social functioning scores were found previously in 

concussed collegiate athletes (Kuehl et al., 2010).  Kuehl 

et al. (2010) also reported that these decreases were more 

pronounced in athletes with a greater number of concussions.  

The results from these studies suggest that more research 

is needed in this area.   

The current study found no association between 

carrying any of the APOE rare alleles and head impact 

response. Previous research found a significant association 

between being a carrier of rare APOE alleles and previous 

history of concussion in collegiate athletes participating 

in high head impact sports (Tierney et al., 2010); however, 

the current study did not evaluate the same alleles and 

group assignment differed.  In addition, none of the 

athletes reporting multiple diagnosed concussions (n = 4) 
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were homozygous promoter rare allele carriers, a trait that 

has been previously associated with multiple (Tierney et 

al., 2010) and more severe (Terrell et al., 2008) 

concussions.   

There are inconsistencies in the investigated effects 

of APOE genotype and outcomes.  The current study found no 

association between APOE genotype and poor outcome 

following head impacts, which is consistent with several 

other studies (Chamelian et al., 2004; Willemse-van Son et 

al., 2008); however, it is inconsistent with others (Jordan 

et al., 1997; Kutner et al., 2000; Lendon et al., 2003; 

Teasdale et al., 1997).  The inconsistency with other 

research may be due to differences in sample population, 

which included older athletes (Jordan et al., 1997; Kutner 

et al., 2000), emergency room patients and patients with 

diagnosed head injury (Lendon et al., 2003; Teasdale et al., 

1997).  If this is the case, what remains to be seen is if 

and when these long-term effects, possibly due to the 

combination of genotype and head impacts, begin in athletes.  

Although not statistically significant ( p ranged 

from .148 to .299), scores for individuals in the PHIR 

group were consistently lower between carriers and non-

carriers and for all PedsQL test scores.  These lower 
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values may be of particular importance because it has been 

shown that uninjured athletes experience greater QoL than 

the physically active control population (McAllister, 

Motamedi, Hame, Shapiro, and Dorey, 2001); any decreases 

following head impacts may indicate a need for further 

examination.  The G-219T promoter rare allele has been 

found in Alzheimer’s patients and Traumatic Brain Injury 

patients with unfavorable outcomes (Lendon et al., 2003).  

In Alzheimer’s patients, the rare alleles are co-localized 

with amyloid- β deposits (Macfarlane et al., 1999) and known 

effects are decreased QoL and perceived decreased 

psychosocial functioning (Trigg, Watts, Jones, Todd, & 

Elliman, 2012).   

The physical scores for the APOE E4 and G-219T rare 

allele carriers within the PHIR group were lower than in 

the non-carriers.  Most researchers have reported lower 

physical sub scores in injured athletes than in uninjured 

athletes or normative data (Emanuelson, Holmkvist, 

Bjorklund, & Stalhammar, 2003; Kuehl et al., 2010; Lima, 

Simao, Filho, Abib, & de Figueiredo, 2008; McAllister et 

al., 2001; Valovich McLeod et al., 2009).  One study 

revealed a trend of relatively low physical functioning 

scores in football players and relatively high physical 
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functioning scores in soccer players, which the author 

attributed to lower incidence of injury in soccer 

(McAllister et al., 2001), a finding that is also not 

observed in the current study.  Three of the four athletes 

with diagnosed multiple concussion in the current study 

were soccer athletes while no multiply concussed 

individuals were football players.  Additionally, the PHIR 

group contained (n = 8) football players and (n = 10) 

soccer players.  The differences between studies may be due 

to time elapse since injury, severity of injury, 

utilization of different instruments (e.g., SF-36 vs. 

PedsQL), or the current study comparing APOE rare allele 

carriers to non-carriers.   

This study has several limitations.  The original 

sample size estimation for primary aim 1 indicated 100 

athletes were needed to achieve appropriate power.  Only 30 

participants over a two-year cycle were successfully 

recruited.  A larger sample size is needed to truly 

determine if an association exists between genotypes in 

response to head impact.  Another limitation is the 

recruitment strategy employed by the researchers.  Some 

parents indicated that they did not feel comfortable 

sending their child’s genetic material through the mail to 
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a researcher that they have never met before, even though 

some of the parents had spoken with the researcher and 

verbally agreed to participate.  Unexpected barriers 

occurred with advertisement posting due to the view and 

opinions of the athletic directors and their own uneasiness 

with the study.  Although parents were asked to contact the 

researcher prior to starting the study to address questions 

and ensure proper testing environments, only three parents 

contacted the researcher prior to the commencement of 

testing.  A more controlled environment should be employed 

to ensure participant compliance with survey administration 

and genetic sampling.  Additionally, head impact exposure, 

number of head impacts, and kinematic data were not 

recorded for this study.  Finally, as with all 

retrospective study designs, there is the limitation of 

recall bias.  A prospective cohort study is needed to limit 

these effects. 
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Decisions on the Hypotheses 

 Based on the results of this study, the following 

decisions on the hypotheses were made: 

Primary Aim 1 

 1.  Possession of the APOE E4 rare allele was not 

associated with head impact response group (NHIR vs. PHIR) 

assignment in high school athletes.  Failed to accept 

Hypothesis 1. 

 2.  Possession of the APOE G-219T promoter rare allele 

was not associated with head impact response group (NHIR vs. 

PHIR) group assignment in high school athletes.  Failed to 

accept Hypothesis 2. 

Primary Aim 2 

1.  There were no significant differences in overall 

QoL scores in APOE E4 rare allele carriers versus non-

carriers within the PHIR group of high school athletes.  

Failed to accept Hypothesis 1. 

2.  There were no significant differences in cognitive 

function scores in APOE E4 rare allele carriers versus non-

carriers within the PHIR group of high school athletes.  

Failed to accept Hypothesis 2.   

3. There were no significant differences in 

psychosocial QoL subscale scores in APOE E4 rare allele 
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carriers versus non-carriers within the PHIR group of high 

school athletes.  Failed to accept Hypothesis 3.   

4.  There were no significant differences in physical 

QoL subscale scores in APOE E4 rare allele carriers versus 

non-carriers within the PHIR group of high school athletes.  

Failed to accept Hypothesis 4.  

5.  There were significant differences in overall QoL 

in APOE G-219T promoter rare allele carriers versus non-

carriers within the PHIR group of high school athletes.  

Hypothesis 5 was accepted. 

6.  There were no significant differences in cognitive 

functioning scores in G-219T promoter rare allele carriers 

versus non-carriers within the PHIR group of high school 

athletes.  Failed to accept Hypothesis 6. 

7.  There were no significant differences in 

psychosocial QoL subscale scores in G-219T promoter rare 

allele carriers versus non-carriers within the PHIR group 

of high school athletes.  Failed to accept Hypothesis 7.  

8.  There were no significant differences in physical 

QoL subscale scores in G-219T promoter rare allele carriers 

versus non-carriers within the PHIR group of high school 

athletes.  Failed to accept Hypothesis 8. 
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Conclusion 

 Decreased QoL was found in high school athletes who 

participated in high head impact sports, carried the G-219T 

promoter rare allele, and had poor head impact response.  

The true clinical significance of the lower QoL scores is 

not well-define.  These findings suggest that outcomes 

following head impacts are multi-faceted.  Additionally, 

the full effect of APOE genotype on head impact response is 

yet to be determined. 

Recommendations for Future Research 

 1.  A larger sample size is needed to fully examine 

specific aim one.  The original sample size estimation 

required 100 participants; however, only 30 were 

successfully recruited to participate in this study. 

2.  New recruitment strategies aimed at addressing 

parental concerns should be employed to increase sample 

size.  

3.  New methodologies that allow for a more controlled 

testing environment are needed to prevent the limitations 

of the self-collection. 

 4.  A prospective cohort study where athletes complete 

a s & s checklist post-practice and post-game is needed to 

diminish the limitations of recall bias. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Concussion 

Prevalence and Mechanisms 

It is estimated that there are between 1.6 and 3.8 

million sports-related traumatic brain injuries each year, 

which includes those seeking no medical care (Langlois, 

Rutland-Brown, & Wald, 2006).  Between 2001 and 2005, 

207,830 sports and recreation-related nonfatal TBIs were 

treated in emergency departments annually.  The highest 

rates were seen in males and females between ten and 14 

years of age, followed by patients between 15 and 19 

(Gilchrist, Thomas, Wald, & Langlois, 2007).  During the 

2008-2009 academic year, 544 concussions were recorded 

using the High School Reporting Information Online injury 

surveillance system (Meehan, d’Hemecourt, & Comstock, 2010) 

in 100 randomly selected schools.   

The pediatric cohort is considered an “at-risk” 

population for concussion.  Younger athletes may have 

longer recovery times, with 15% of athletes in one study 

remaining symptomatic for longer than one week (Meehan et 

al., 2010).  In addition, underreporting in this age group 
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is probable due to a lack of knowledge regarding signs and 

symptoms (s & s) and the lack of medical professionals or 

athletic trainers present at practices and games.  In a 

survey of youth coaches, who are often the first 

individuals on the scene following an injury, 42% thought 

that loss of consciousness was necessary for a concussion 

diagnosis, 32% did not think an athlete with a Grade 1 

concussion needed to be removed from participation, and 26% 

would allow a symptomatic athlete to compete (Valovich 

McLeod, Schwartz, & Bay, 2007).  Another survey study 

revealed that 43.1% of high school coaches thought that all 

athletes recover at the same rate and should therefore 

return to play at the same rate (O’Donoghue, Onate, Van 

Lunen, & Peterson, 2009).  In addition, approximately 40% 

of high school athletes with a diagnosed concussion return 

to competition or practice prematurely, with 15% of 

concussed football players with a loss of consciousness 

returning to play in less than one day (Yard & Comstock, 

2009).  It is suggested that treatment be conservative and 

specific to the unique problems in this age group (Kutcher 

& Eckner, 2010). 

Soccer, football and ice hockey are among the sports 

at highest risk for concussion (Hootman, Dick, & Agel, 
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2007). High school concussion injury rates differ by sport 

and sex [(i.e., football = 0.47; girls’ soccer = 0.36; 

boys’ soccer = 0.22) Gessel, Fields, Collins, Dick, & 

Comstock, 2007].  More recently, a 4.2-fold increase in 

concussion rates was found during an 11-year prospective 

study of high school athletes (Lincoln et al., 2011), 

indicating that prior estimates may be low.  Injury rates 

for youth hockey players vary depending on reporting method.  

Official injury reports are between 0.25 and 0.61 

concussions per 1000 player game hours; however, using 

retrospective player data, the numbers increase to between 

9.72 and 24.30 (Williamson & Goodman, 2006), suggesting 

that ice hockey players underreport concussive s & s.  

Similarly, in a cohort of 2552 retired professional 

American football players, 60.8% (n = 1513) reported a 

history of at least one concussion during their 

professional playing career while 24% (n = 597) reported 

sustaining three or more (Guskiewicz et al., 2005). 

Although most concussions are considered “mild 

injuries,” more than $17 billion in treatment costs are 

incurred annually in the United States (Gerberding & Ginder, 

2003).  The long-term consequences of concussions may 

include depression (Guskiewicz et al., 2007) as many as 50 



 

 

45
years post-injury (Holsinger et al., 2002), emotional 

problems  (Macciocchi, Barth & Littlefield, 1999), decreased 

scores on the Mental Component Scale of the SF-36 

(Guskiewicz et al., 2005), decreased neuropsychological 

test scores of episodic memory and response inhibition, 

reduced bradykinesia (De Beaumont et al., 2009) and an 

increased risk of chronic traumatic encephalopathy  (Cantu, 

2007).  Furthermore, soccer players may be at elevated risk 

for neurophysiologic impairments  (Tysvaer & Løchen, 1991) 

and the manifestation of s & s  (Delaney, Al-Kashmiri, 

Drummond, & Correa, 2008) due to repeated low loads 

associated with soccer heading  (Tysvaer & Løchen, 1991) and 

secondary influences [e.g., alcohol consumption (Patukian, 

Echemendia, & Mackin, 2000)].  Ice hockey players with 

previous loss of consciousness have an increased risk of 

concussion and greater risk of s & s following a blow to 

the head or neck (Gerberich et al., 1987).   

A concussion is caused by acceleration forces  

(Gennarelli et al., 1982), occurring directly via a blow to 

the head, face, or neck, or indirectly through an impulsive 

force transmitted to the head  (Aubry et al., 2002).  These 

events can then create tensile, compressive, or shear 

forces on the brain producing cell deformation (Ommaya & 
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Gennarelli, 1974).  It has been suggested that the repeated 

subconcussive blows due to soccer heading may create long-

term effects similar to a concussion.  Even though 

concussions from acute soccer heading are less likely 

(Meehan et al., 2010), adolescent soccer athletes head the 

ball an average of 4.1 times during one match, which over 

time, can lead to hundreds of subconcussive blows (Stephens, 

Rutherford, Potter, & Fernie, 2010). 

Several theories have been postulated concerning the 

neuropathology of concussion.  One possible explanation is 

a diffuse axonal injury, representing a neuropathologic 

brain injury typically caused by sudden deceleration, 

damaging the neurons with shearing forces (Povlishock & 

Christman, 1995).  These shearing forces disrupt small 

blood vessels and axons, potentially causing swelling and 

hemorrhage in the brain and altered nerve transmission 

signals (Povlishock & Christman, 1995).  Another possible 

pathophysiological explanation lies in the inter-

relationships between ionic fluxes, glucose metabolism, and 

cerebral blood flow.  Post head injury, the brain releases 

neurotransmitters (e.g., glutamate) accompanied by an 

efflux of potassium (Hubschmann & Kornhauser, 1983; 

Katayama, Becker, Tamura, & Hovda, 1990) and an influx of 
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calcium (Cortez, McIntosh, & Noble, 1998; Fineman, Hovda, 

Smith, Yoshino, & Becker, 1993; McIntosh, 1993).  Increased 

vasoconstriction caused by calcium accumulation in 

endothelial cells decreases cerebral blood flow.  In an 

effort to balance ionic fluxes, the sodium-potassium pump 

increases circulation of adenosine triphosphate (Kawamata, 

Katayama, Hovda, Yoshino & Becker, 1992; Yoshino, Hovda, 

Kawamata, Katayama, & Becker, 1991), resulting in an 

increase in glucose metabolism (Yoshino, Hovda, Kawamata, 

Katayama, & Becker, 1991).  This hyperglycolysis has been 

found to decrease cerebral blood flow by fifty percent 

following a head injury (Velarde, Fisher, & Hovda, 1997) 

and increase lactate production (Povlishock & Christman, 

1995).  Other possible pathophysiological responses to 

concussion are damage to the neuronal cytoskeleton (Saatman, 

Graham, & McIntosh, 1998), cholinergic neurons (Schmidt & 

Grady, 1995), and hippocampal neural pathology (Hicks, 

Smith, Lowenstein, Saint-Marie, & McIntosh, 1993). Recently, 

it was discovered that gene expression alterations are 

present in the cortex and hippocampus following TBI.  

Upregulated genes include those that control inflammation, 

transcription, neuroprotection and apoptosis, while genes  
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controlling for neurotransmitters and ionic homeostasis are 

downregulated in deceased patients with TBI (Dressler & 

Vemuganti, 2009). 

The aforementioned neurometabolic cascade (e.g., 

potassium ion efflux and glutamate release) may trigger the 

manifestation of concussive s & s  (Giza & Hovda, 2004) 

immediately or hours post-impact  (Aubry et al., 2002).  

Following severe traumatic brain injury (Roberts, Gentelman, 

Lynch, & Graham, 1991) and repeated low loads in boxing, 

beta amyloid deposits are present in the cortex of the 

brain (Roberts, Allsop, & Bruton, 1990) and neurofibrillary 

tangles are found near blood vessels in the temporal region 

of the brain (Geddes, Vowles, Robinson, & Sutcliffe, 1996).   

While concussive s & s often resolve quickly, some 

patients report cognitive difficulties up to two-weeks 

post-injury (McClincy, Lovell, Pardini, Collins, & Spore, 

2006), complaints of s & s greater than one-month post-

injury (Cunningham, Brison, & Pickett, 2009) and disability 

up to one year post mild head injury (Thornhill et al., 

2000). In collegiate football players, most cognitive 

functioning returned to normal levels within five to seven 

days post-trauma; however, a full seven days was needed for 

the full resolution of symptoms.  Interestingly, 
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approximately 10% of the athletes in this study required 

more than a week for symptoms to fully resolve, indicating 

variable clinical outcomes for individuals sustaining a 

head injury (McCrea et al., 2003). 

A concussion threshold has not been established  

(McCrory, Johnston, Mohtadi, & Meeuwise, 2001), but 

researchers have reported a range of acceleration values 

for concussive and non-concussive impacts.  A threshold is 

difficult to establish because the accelerations required 

to cause injury may vary depending on extrinsic factors 

[e.g., impact magnitude, direction, and location (Ommaya & 

Gennarelli, 1974; Pellman, Viano, Tucker, & Casson, 2003)] 

and intrinsic factors [e.g., head position upon impact  

(Ommaya, 1995),  number and severity of prior impacts, or 

other individual characteristics of the athlete  (Guskiewicz 

et al., 2007].  When extrinsic factors are controlled, 

variable clinical outcomes still occur  (McCrory et al., 

2001), supporting a theory that the athlete’s intrinsic 

characteristics are important factors.  

Multiple Concussions 

Response to Multiple Concussions 

 Animal Model.  The animal model has become useful in 

the study of multiple concussive blows and its effects on 
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cognition and memory.  Diffuse traumatic brain injury was 

induced in rats at varying developmental stages (i.e., 

seven, 14, and 21 days old) and were compared to young 

adult (i.e., three month) rats.  Cognitive deficits were 

observed up to two weeks post-injury in the young rats. 

Motor deficits in adult animals remained for seven days 

post-injury while these deficits persisted through 

adulthood in the young rats, demonstrating a difference in 

recovery times due to developmental age.  Additionally, 

edema akin to that often seen in pediatric traumatic brain 

injuries was particularly evident in the seven and 14-day-

old rats (Cernak et al., 2010).   

 After one concussion, rats demonstrated a non 

statistically significant deviation from baseline 

performance measured by time to reach a platform in a 

Morris water maze.  Return to baseline occurred in a mean 

of 14 trials.  After two concussions, a smaller percentage 

of rats deviated from baseline and returned to normal in a 

shorter time period (mean = 6.8 trials).  Finally, after 

suffering from three concussions, an even smaller 

percentage of rats deviated from baseline and returned to 

baseline in a mean of 2.3 trials.  Post-concussive rats 

altered their swimming patterns to one resembling their 
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initial learning phase.  The rats’ balance beam performance, 

used to measure gross motor skills, was unaffected after 

each concussion. In conclusion, rat motor function is not 

adversely affected by multiple concussions; however, a 

small sample was used in the study and was unable to 

achieve statistical significance due to insufficient power 

(DeRoss et al., 2002).    

 In-Vivo Model.  In an axonal cell culture, an axonal 

strain of five percent induced calcium influx (i.e., 

threshold) while cell strains of three percent were 

considered sub-threshold.  If a sub-threshold strain was 

repeated 24 hours later, a significant increase in calcium 

and axonal swelling occurred.  Increases in calcium seen 

after the second mild axonal strain were equal to the 

strains expected in an injury four-times its severity, 

indicating that axons respond in an exaggerated fashion to 

multiple mild insults (Yuen, Browne, Iwata, & Smith, 2009). 

Cognitive Response.  During the diagnosis of a 

concussion, the presence of cognitive impairment should be 

assessed.  Return to play protocols should be multi-faceted 

and include s & s resolution and normal cognitive 

functioning (McCrory et al., 2009).  Younger athletes 

(Fields, Collins, Lovell, & Maroon, 2003), particularly 
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those with a history of multiple concussions (Iverson, 

Gaetz, Lovell, & Collins, 2004) may be at-risk for 

cognitive impairment following head injury, which may 

indicate a need for more individualized care following head 

impacts in this cohort.     

 Concussion arising from general sport participation, 

including soccer and rugby, may be associated with impaired 

attention.  The higher the number of previous concussions, 

the poorer the observed performance in attention tasks in 

the participants.  The results of this study did not 

provide evidence that participants in certain sports (i.e., 

rugby or soccer) had a greater attention deficit than 

athletes participating in general non-contact sports 

(Stephens et al., 2010). 

To assess cognitive effects of concussion, high school 

(n = 183) and collegiate (n = 371) athletes underwent 

baseline neuropsychological evaluation.  Athletes in the 

cohort who sustained a concussion during an athletic 

competition (n = 54) were referred for serial 

neuropsychological evaluation at one, three, five, and 

seven days after injury.  Concussed individuals were 

compared with a non-injured control group (n =38) in the 

areas of memory test scores and Concussion Symptom Scale 
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ratings.  Concussed high school athletes had prolonged 

memory dysfunction compared to the concussed collegiate 

athletes.  High school athletes performed significantly 

worse than age-matched controls at across all time periods; 

whereas, the collegiate athletes returned to baseline by 

five days post-injury, indicating a possible relationship 

between age and concussion recovery (Fields et al., 2003).  

Nineteen athletes with a history of three or more 

concussions were matched by gender, age, education, and 

sport with athletes with no prior concussion history and 

completed baseline ImPACT testing (Iverson et al., 2004).  

Within five days of sustaining a concussion diagnosed by 

sideline sports medicine professionals, athletes were re-

administered the ImPACT test.  Athletes with a history of 

multiple concussions reported more symptoms at baseline, 

had lower memory composite scores at post-injury testing, 

and demonstrated major memory performance declines from 

pre-to post-testing than matched controls.  There were no 

significant differences between symptomatology post-injury.  

Although there was no significant difference in memory 

composite scores between groups at baseline, there was a 

trend towards significance that may be due to low sample 

size (n = 19).  Athletes with multiple concussions were 7.7 
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times more likely to demonstrate major memory decline and 

six times more likely to experience sideline post-traumatic 

amnesia.  Finally, athletes with a history of multiple 

concussions were significantly more likely to experience 

five or greater minutes of mental disturbance post-trauma.  

The major limitation of this study is the small sample size, 

which may have an effect on the results trending towards 

significance (Iverson et al., 2004). 

In order to determine the association between history 

of TBI and the likelihood of developing mild cognitive 

impairment or Alzheimer’s Disease, questionnaires regarding 

memory and mild cognitive impairment were sent to a subset 

of retired American football players aged fifty or older.  

In order to limit self-report issues, copies of the 

questionnaire were also sent to a spouse or close relative 

and were cross tabulated with the original respondent’s 

questionnaire.  For the purposes of this study, mild 

cognitive impairment was defined as a memory complaint from 

the patient and an informant, memory impairment determined 

from neurocognitive testing, ability to complete activities 

of daily living and does not exhibit Alzheimer’s disease or 

other dementia-related disorders.  Results revealed lower 

scores on the Mental Component Scale of the SF-36 test in 
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athletes with a history of concussion; these scores were 

significantly worse in those with a history of three or 

greater concussions.  In addition, there was an association 

between recurrent concussion and clinically diagnosed mild 

cognitive impairment ( p = 0.02), self-reported memory 

impairment ( p = .001) and informant-reported memory 

impairment ( p = 0.04).  These associations were more 

dramatic in retired athletes with three or more reported 

concussions, as there was a fivefold prevalence of being 

diagnosed with mild cognitive impairment and a threefold 

prevalence of self-reported memory problems as compared to 

players with no history of concussion.  Additionally, those 

with three or more previous concussions were twice as 

likely to be diagnosed with mild cognitive impairment as 

those with a history of one or two previous concussions.  

Several limitations existed in the study, including 

retrospective design, possible recall bias and lack of 

genetic information (Guskiewicz et al., 2005).   

While most data suggest an association between 

multiple concussion and cognitive deficits, conflicting 

research exists.  In order to determine the 

neuropsychological consequences of having one versus two 

concussions, twenty-four athletes from a larger cohort 
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study had pre-season baseline neuropsychological testing.  

A person suspected of having a concussion was examined by a 

certified athletic trainer or physician.  If an athlete 

failed an orientation or memory test, they were considered 

to have a concussion and were assessed at 24 hours, 5 days, 

and 10 days post-injury using the same baseline tests.  The 

results indicate that sustaining two grade one football-

related concussions did not result in significantly worse 

neuropsychological impairment than sustaining only one 

concussion.  In addition, in the multiply concussed 

athletes, there was no evidence of a significant difference 

in test performance after the second concussion as compared 

to their performance after the first concussion.  Finally, 

players who sustained two concussions performed better on 

postseason assessments than on preseason tests.  There were 

several methodological limitations to this study, including 

a low number of participants with multiple concussions, a 

lack of moderate to severe injuries, variable elapsed time 

between multiple concussions (i.e., two weeks to two years), 

lack of data regarding more than two previous concussions, 

and test sensitivity (i.e., players who were injured twice 

were exposed to the tests at least seven times throughout 

the study).  Despite the limitations, the data do not 
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suggest significant decreases in neurocognition after a 

second concussion (Macciocchi et al., 2001).   

 Collegiate football players (n = 2905; 4251 player-

seasons) were baseline tested using the Graded Symptom 

Checklist and a health history questionnaire.  Questions 

were asked regarding participant concussion history, which 

was defined as an injury resulting from a blow to the head 

that caused an alteration in mental status and experiencing 

one or more common signs or symptoms.  The Graded Symptom 

Checklist was used to quantify the severity of 17 symptoms 

that commonly occur post-injury.  Participants were asked 

to rate the severity of each symptom on a Likert scale, 

with 0 being not present and 6 representing severe.  

Athletes were followed prospectively for three consecutive 

seasons.  Following a head injury, the certified athletic 

trainer administered the Graded Symptom Checklist at the 

time of injury, three hours and one, two, three, five, and 

seven days post-injury.  Over the course of the three years, 

196 concussions were reported in 184 athletes, with an 

overall incident rate of 0.81 per 1000 exposures.  Thirty-

five percent of the recorded concussions were repeat 

injuries from within the past seven years, indicating a 

possible dose response.  Football players with a previous 
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history of three or more concussions were three times more 

likely to sustain a concussion within the study than those 

with no previous history.  In addition, 6.5% of the players 

with concussion had a repeat concussion within the same 

season, oftentimes within seven to ten days following the 

original injury.  Athletes with a history of multiple 

concussions experienced longer recovery durations; however, 

there was no association between multiple concussion 

history and loss of consciousness or amnesia.  Although the 

researchers of this study used a large cohort of athletes 

and followed them prospectively, there are some limitations, 

which include the possibility that some concussions were 

missed due to lack of knowledge or underreporting and the 

lack of true athlete exposure data (Guskiewicz et al., 

2003).  

 Eighty-eight high school athletes underwent baseline 

ImPACT testing during the off-season.  To determine 

concussion history, athletes were asked to document each 

prior concussion that was diagnosed by a physician or 

certified athletic trainer and required time loss from play.  

Athletes were prospectively followed over the course of two 

seasons.  If they were diagnosed with a concussion by a 

certified athletic trainer or physician during those 
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seasons, they were referred for ImPACT testing within 72 

hours post-injury.  Physicians and certified athletic 

trainers assessed on-field severity markers including on-

field confusion, anterograde amnesia, retrograde amnesia, 

and loss of consciousness.  Sixty athletes with no history 

of concussion were compared to 28 athletes with a history 

of three or more concussions.  Results indicated that 

athletes with a previous history of three or more 

concussions were significantly more likely to experience 

on-field loss of consciousness, anterograde amnesia and 

confusion following a subsequent concussion.  Interestingly, 

athletes with multiple concussions were 6.7 times more 

likely to suffer from post-injury loss of consciousness and 

9.3 times more likely to exhibit three or more on-field 

markers of concussion severity.  The results of this study 

may reflect a lower concussion threshold in athletes with 

prior concussion history or that there is something 

inherent to this concussed population that makes them more 

susceptible to injury (i.e., genetic variation).  This 

study is limited in that the initial concussion group was 

determined via is retrospective data and there is a 

potential for recall bias (Collins et al., 2002).   
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Genetics Overview 

DNA 

 One of the most basic concepts in the complex study of 

human anatomy and physiology is that structure determines 

function.  That is, the way the human body or the human 

cell is built dictates what the body or cell can do.  For 

example, the heart is composed of involuntary muscle cells 

which allow auto-regulation of contraction; whereas, 

skeletal muscles are composed of voluntary muscle cells 

which require neural input to contract, enabling a quick 

reaction time.  If there is a structural abnormality, the 

function of that particular portion of the body will also 

differ. 

 The basic functional unit of the body is the cell.  

Cells differ in their structure and function based upon 

their position and role within the body.  Within the cell, 

there is a nuclear membrane which separates the nucleus 

from the rest of the cell’s components.  The nucleus of a 

cell contains genetic material, known as deoxyribonucleic 

acid (DNA).  DNA has two main functions, to carry and 

replicate genetic information and to provide instructions 

for building new proteins.  Regions of DNA that code for 
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making specific proteins are called genes.  The human 

genome may contain upwards of 20,000 genes. 

 Human DNA is composed of 23 paired chromosomes; one 

set each from the mother and father, creating a total of 46 

chromosomes which each contain a unique DNA sequence in 

each person except identical twins.  Each chromosome has a 

unique structure that enables us to determine the location 

and address of specific genes in the laboratory through the 

banding pattern.  Banding patterns refer to how different 

parts of a chromosome may appear dark or light in certain 

laboratory conditions.  In addition, each chromosome has a 

petite or “p” arm and a long or “q” arm.  The address for a 

particular gene is composed of three parts, the number of 

the chromosome on which it can be found, the arm within 

that chromosome, and the specific numbered band on the 

chromosome.  For instance, APOE is located at 19p13.2, 

which means it can be found on the short arm of chromosome 

19 at band 13.2.  

 Nucleotides are the basic building blocks of DNA; each 

nucleotide is composed of a phosphate group, a deoxyribose 

sugar and one of four nitrogenous bases: adenine (A), 

thymine (T), guanine (G) or cytosine (C).  Each strand of 

nucleotides is bound to a strand of complementary 
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nucleotides.  The pairing of nucleotides is not random; A 

always binds with T and vice versa while C always binds 

with G and vice versa.  This pairing will create two 

strands of DNA, the “sense” or “coding” strand and the 

“anti-sense” or the “template” strand.  These two strands 

will twist together, forming the characteristic double 

helix or twisted ladder structure of DNA.  Although 

seemingly random, the sequence of letters (i.e., 

nucleotides) in the strands is the specific coding 

instructions for making proteins.  

 A protein is composed of a sequence of amino acids.  

The specific proteins that genes code for are determined by 

the order in which the nucleotide bases occur.  That is, 

the genetic code in a particular region of a chromosome 

will provide specific instructions for which amino acids 

are to be manufactured and in what order.  Three bases in a 

row form a nucleotide triplet which will code for one 

specific amino acid.  For example, TTT will code for the 

amino acid lysine while ATA will code for tyrosine.  

Interestingly, there are only twenty amino acids yet more 

than 20 possible nucleotide triplet possibilities.  Because 

of this, each amino acid may have more than one code.  A 

new protein begins with the triplet code “TAC.”  The 



 

 

63
instructions for the particular protein will continue until 

a stop code is reached, which is either “ATT,” “ATC,” or 

“ACT.”  The number, type, and arrangement of the amino 

acids will be unique to create a specific protein. Proteins 

determine the structure and function of cells, which will 

express certain proteins and not others due to the cell’s 

function.  For example, muscle cells will express many 

actin and myosin proteins, which are important in muscle 

contraction, while not expressing glial fibrillary acidic 

protein, which is only expressed in astrocytes in the brain.  

Protein synthesis begins in the nucleus and consists of two 

parts: transcription and translation. 

 Protein synthesis begins in the nucleus when RNA 

polymerase, an enzyme, binds to DNA at a site selected by 

chemical messengers in the cytoplasm.  The beginning or 

starting region of a gene is known as the promoter or 

upstream region; it contains the signals to start the 

transcription process and regulates how much RNA is 

manufactured.  Translation begins when the hydrogen bonds 

break with the aid of RNA polymerase, unwinding the DNA 

double helix. The bases from one of the DNA strands will be 

transcribed to a messenger RNA (mRNA) strand by 

complementary base pairs.  The complementary base pairs 
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here will be the same as those found in the DNA double 

helix, except A will bind with uracil (U) instead of 

thymine, which is not found in mRNA (e. g., “ATC” in the 

DNA strand will be transcribed into “AUG” in the mRNA 

strand).  The DNA nucleotide triplets are transcribed into 

complementary three-letter mRNA codons throughout the 

coding region of the gene, between the promoter region and 

the terminator or downstream region, where transcription 

ceases.  Once the terminator region is reached, 

transcription is complete and the DNA will revert back to 

its helical form.  At this time, the mRNA strand may 

contain two different areas between the promoter and 

terminator regions, introns and exons.  Exons are stretches 

of the DNA sequence that contain coding information for the 

amino acid sequence; whereas, introns are stretches of the 

DNA sequence that do not contain information important for 

the making of a protein.  These intronic regions will need 

to be removed during the posttranscriptional modification 

phase before the mRNA can be translated into amino acid 

sequences.  In this phase, intronic sequences are cut from 

the RNA molecule, allowing the exonic sequences to be 

joined or spliced together.  From here, the mRNA 
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information must be changed from base sequences to amino 

acid sequences, in a process known as translation.   

 Translation commences when the newly-formed mRNA 

strand enters the cytoplasm of the cell and binds to 

ribosomal subunits.  The ribosomal RNA (rRNA) will read the 

mRNA codons and use the information to create the amino 

acid sequences.  Transfer RNA (tRNA) is composed of a head, 

featuring an anticodon, and a tail, with a binding site for 

a specific amino acid.  The anticodon is complementary to 

the mRNA codon and represents the amino acid that the tRNA 

is carrying.  The tRNA head will attach to the mRNA strand 

by complementary base pairing.  The amino acids on the tail 

of the tRNA will then create a chain and enzymes will begin 

the process of creating peptide bonds for the chain.  This 

process begins at the initiation codon and will continue 

until a termination codon is reached, when the coding is 

complete and the polypeptide chain is formed and released.   

 Translation will create an amino acid chain that is an 

exact match for the codon, corresponding to the original 

DNA sequence.  Post-transcriptional modifications may be 

necessary and can include the folding or shaping of the 

actual protein, in order to function properly.  Completed 
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proteins may be used in the cell, return to the nucleus, or 

be packaged and released for extra-cellular use.   

 The human genome contains upwards of 20,000 genes but 

the spelling or nucleotide base pairs may be altered 

slightly between individuals.  It is estimated that all 

humans share 99% of their DNA sequence, with 1% or less 

differing slightly, which will account for the variability 

in traits.  If there is a place in the genome where more 

than one nucleotide base or letter can be found, it is 

known as a mutation or polymorphism.  A mutation is a 

difference that occurs in less than 1% of the population; 

whereas, a polymorphism is found in greater than 1% of the 

population.  Each possible variant or differing nucleotide 

base is known as an allele.  For instance, if C and G can 

both be found at the same genomic address, C and G are the 

possible alleles.  The allele found more frequently is the 

common allele, while the allele present less frequently is 

the rare allele. 

 Genes are present in pairs, with one maternal gene and 

one paternal gene.  The combination of alleles determines 

the individual’s genotype.  If a person has two copies of 

the same allele, they are homozygous for that particular 

allele.  If a person carries two different alleles, they 
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are heterozygous.  For instance, a person can have two 

copies of the A allele (i.e., A/A), two copies of the G 

allele (i.e., G/G) or a copy of each allele (i.e., A/G).   

 A phenotype or trait is the measurable characteristic 

that is usually determined by a combination of genotype and 

environmental factors.  Not all genes affect phenotype in 

the same way; genes can be dominant, recessive or additive.  

If two copies of a gene are present and one is dominant and 

the other recessive, the phenotype will be largely 

influenced by the dominant gene.  If the copies of the gene 

have equal influence over the phenotype, they are additive.  

That is, extra copies of the gene will play a larger role 

in the phenotype.  For example, if there is one copy of an 

additive gene (i.e., heterozygous), there is an increased 

risk for disease and the risk will increase if there are 

two copies of that gene present (i.e., homozygous).  In 

addition, there may be a gene x environment interaction, 

whereby a gene or environmental factor that normally has 

minimal influence on a phenotype combine to cause a larger 

influence.  This can occur when a phenotype is affected 

differently depending upon the alleles that are present 

with the gene (Roth, 2007).   
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Genetic Variation 

 The most common type of genetic variation, with an 

estimated 10 to 15 million present in the human genome, is 

the single-nucleotide polymorphism (SNP).  A SNP is 

characterized by a change in one single letter that is 

found in greater than one percent of the population.  For 

example, if an individual has one copy of a gene that reads, 

“AGT” and another that reads, “ATT,’ they have a SNP with 

genotype G/T.  There are several different types of SNPs 

that have direct influences on proteins, which may or may 

not influence phenotype: silent, nonsense, insertion and 

missense. 

 Even though an allele may be changed in a sequence, 

there may be several codes for each particular protein.  If 

a change occurs in the allele sequence but does not alter 

the amino acid or protein sequence, a silent SNP has 

occurred.  Silent SNPs should not affect phenotype because 

the overall sequence has not changed.   

 A missense SNP occurs when the presence of an altered 

or variant allele in the coding sequence changes an amino 

acid in a protein.  When the amino acid is changed to one 

with similar properties, it is known as conservative and 

has a low to very high relative risk of altering the 



 

 

69
phenotype, depending on the location of the SNP.  In 

contrast, when an amino acid is changed to one with 

different properties, it is known as a nonconservative 

missense SNP and has a moderate to very high relative risk 

of changing the phenotype, demonstrating that structure 

determines function.   

 Insertion/deletion SNPs are the presence (i.e., 

insertion) or absence (i.e., deletion) of one DNA 

nucleotide.  Insertion/deletion polymorphisms may affect 

greater than one nucleotide base, from the addition or loss 

of a few nucleotides to several hundred bases.  In-frame 

insertion/deletion SNPs can occur in both coding and 

noncoding regions and can change the amino acid sequence.  

Because in-frame insertion/deletion SNPs are divisible by 

three, depending on the location, these SNPs have a low to 

very high relative risk of altering phenotype.  Frameshift 

insertion/deletion SNPs are detrimental because the amount 

of nucleotides inserted or deleted are not divisible by 

three; therefore, there is a high potential for phenotype 

disruption.  

 When one of the altered alleles in a coding region 

incorrectly codes for one of the three stop codons, the 

result is a nonsense SNP.  When this occurs, the coding for 
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the protein may prematurely stop.  The relative risk of 

phenotype change from a nonsense SNP is very high due to 

the possible altering of the protein structure and function. 

 In addition to the SNPs that directly alter the 

protein structure and/or function, there are also SNPs that 

occur outside the exon area, in the promoter, intergenic 

and intron regions.  A SNP in the promoter region of a gene 

does not affect the amino acid sequence directly; however, 

it can change the level, location, or timing of gene 

expression, with relative risk of phenotype ranging from 

low to high depending on the region.  SNPs in the intron 

region can influence the mRNA sequence with a very low 

relative risk of altering phenotype.  Similarly, intergenic 

SNPs occur within noncoding regions between genes and may 

affect gene expression with a relatively low risk of 

altering the proteins and phenotypes (Roth, 2007). 

Apolipoprotein E 

Location and Function 

 Apolipoprotein E (apoE) is a 34-kDa glycoprotein found 

on chromosome 19 (Das, McPherson, Bruns, Karathanasis, & 

Breslow, 1985).  It appears to be manufactured and secreted 

primarily by the liver, where it is most abundantly present, 

and in smaller amounts in other body tissues such as the 
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adrenals, spleen, and brain (Elshourbagy, Liao, Mahley, & 

Taylor, 1985).  As demonstrated in the rat model, apoE is 

present in regular and specialized astrocytes in all major 

subdivisions of the brain, including the processes that 

extend from the astrocytes to the surface of neural tissue 

directly below the pia mater and along large vessels and 

capillaries.  Because of its presence in the Golgi 

apparatuses and vesicles of glial epithelial cells, it is 

hypothesized that apoE is a secretory product of astrocytes.  

ApoE was not originally found in neurons, oligodendroglia, 

microglia, ependymal cells, choroidal cells, or myelinating 

Schwann cells of the peripheral nervous system (Boyles, 

Pitas, Wilson, Mahley, & Taylor, 1985); however, apoE has 

since been located in neurons (Han et al., 1994).   

 There are two distinct metabolic pathways that involve 

apoE. First, apoE can be synthesized at one or more sites 

and aid in the transportation of cholesterol from the site 

in which it is produced to the site where it is needed to 

function.  This commonly occurs as dietary cholesterol is 

transported from the intestine to the liver, the liver to 

peripheral tissues or vice versa.  Second, apoE may be 

synthesized by a cell within a tissue and assist in 

cholesterol transport from one cell to another within the 
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tissue.  In this pathway, cholesterol is then used for 

biosynthetic processes [(e.g., membrane repair or cell 

proliferation) Mahley, 1988].  This was first described in 

the peripheral nervous system of a rat, where macrophages 

rapidly entered a peripheral nerve site and synthesized and 

secreted large amounts of apoE post-injury.  Up to five 

percent of the total protein is secreted by the nerve 

within three weeks post-injury, possibly assisting in the 

delivery of lipids to the neurites for membrane repair and 

axonal regeneration (Ignatius, Shooer, Pitas, & Mahley, 

1987).   

 Within the central nervous system, apoE, along with 

apolipoprotein AI (apoAI), is involved in the transport and 

homeostasis of cholesterol in the cerebrospinal fluid 

(Pitas, Boyles, Lee, Hui, & Weisgraber, 1987).  Following a 

severe traumatic brain injury, the levels of lipoprotein 

particles (e.g., circulating cholesterol) associated with 

apoE significantly decrease in the cerebrospinal fluid 

while the apoAI presents with smaller lipoprotein molecules 

than in the control population, suggesting that apoE and 

apoAI may play a role in lipoprotein remodeling in response 

to brain injury (Kay et al., 2003). 



 

 

73
 ApoE is co-localized with several types of amyloid 

deposits in the diseased (Gallo, Wisniewski, Choi-Miura, 

Ghiso, & Frangione, 1994) and injured (Nicoll, Roberts, & 

Graham, 1996) brain.  The APOE E4 allele is found more 

frequently in head-injured patients with beta amyloid 

depositions in a gene-dose response as compared to 

individuals without the deposition (Nicoll et al., 1996).  

Since it is rarely found in preamyloid forms of disease, it 

is suggested that apoE may facilitate fibril formation 

(Gallo, Wisniewski, Choi-Miura, Ghiso, & Frangione, 1994).  

APOE Gene 

APOE Polymorphism 

APOE E4 

 Animal model.   Transgenic mice have been utilized in a 

wide variety of APOE studies to determine the function of 

the rare alleles.  The expression of human apoE4 in 

transgenic mice decreases hippocampal neurogenesis and 

increases neuronal apoptosis in an enriched environment 

(e.g., equipped with exercise wheels) as compared to apoE3 

transgenic mice, which exhibit an increased neurogenesis. 

These results in mice indicate the possibility that  
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exercise may not be a plausible treatment option for 

Alzheimers Disease patients carrying the E4 allele (Levi & 

Michaelson, 2007).   

 ApoE knockout mice have a leaky blood brain barrier 

following a traumatic brain injury (i.e., induced by dry 

ice being applied directly to an excised portion of the 

brain) as compared to wild type mice, suggesting that the 

absence of apoE selectively increases the permeability of 

vessels in the brain.  When the brain injury, apoE (-/-) 

genotype and a high cholesterol diet were combined, there 

was a five times greater leakage than in wild type mice 

possessing apoE which suggests that apoE is crucial for 

blood brain barrier recovery post-injury (Methia et al., 

2001). 

 To determine whether there is a gene x environment 

interaction in the development of Alzheimer’s Disease, mice 

that develop Alzheimer’s Disease-like pathology that either 

lack apoE or express human APOE3 or APOE4 were subjected to 

a cortical impact injury and were sacrificed thirteen 

months post-injury.  The brain slices were then examined 

for areas of amyloid beta(A β) deposition.  Under normal 

circumstances, (A β) depositions will occur at fifteen 

months in PDAPP mice (i.e., mice that develops Alzheimer’s-
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like pathology); however, in this study a large percentage 

of mice had deposition by 12-13 months post-TBI.  Results 

demonstrated that TBI appears to accelerate (A β) deposition 

significantly more in E4 carriers than E3 carriers.  Also, 

only the E4 mice had neuritic plaque formation after injury 

at the young age. The results of this study suggest that 

there is a gene x environment interaction in the 

development of (A β) deposition following a traumatic brain 

injury (Hartman et al., 2002).    

 Human studies.  APOE E4 may play a role in head injury 

incidence and severity.  APOE E4 has been associated with 

poor short- and long-term outcome, including poor scores on 

neuropsychological assessments (Liberman, Stewart, Wesnes & 

Troncoso, 2002; Sundström et al., 2004), cognitive 

assessments (Kutner, Erlanger, Tsai, Jordan & Relkin, 2000; 

Crawford et al., 2002), and the Glasgow Outcome Scale (GOS; 

Teasdale, Nicoll, Murray & Fiddes, 1997; Friedman et al., 

1999; Zhou et al., 2008; Kerr, Kraus, Marion, & Kamboh, 

1999).  In addition, carrying the APOE E4 variant allele is 

associated with increased risk of fatigue (Sundström et al., 

2007), Chronic Traumatic Brain Injury (CTBI; Jordan et al., 

1997), cerebral amyloid angiopathy (Leclercq et al., 2005), 

(A β) deposition (Macfarlane, Nicoll, Smith, & Graham, 1999), 
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Alzheimer’s Disease (Corder et al., 1993) and a trend 

towards lower cerebral blood flow (Kerr et al., 1999).  The 

risk of CTBI is even more significant in high-exposure 

boxers possessing the E4 allele, suggesting a gene-

environment interaction (Jordan et al., 1997) similar to 

the mouse model (Hartman et al., 2002).  The interaction of 

APOE E4 and young age (i.e., less than 15 years of age) is 

significantly associated with poor GOS outcomes post-brain 

injury (Teasdale, Murray, & Nicoll, 2005).  For each E4 

allele present, the risk of late onset familial Alzheimer’s 

Disease increases, indicating a gene dose effect (Corder et 

al., 1993).  Finally, in the mainland Chinese population, 

the presence of the E4 allele is associated with clinical 

deterioration (Jiang et al., 2006) and poor outcome at 6-

months in TBI patients compared to those without the E4 

allele (Chiang, Chang, & Hu, 2003).  Though most evidence 

suggests poor brain injury outcome, some researchers have 

reported that the possession of the E4 allele is not 

associated with poor outcomes (Chamelian, Reis, & Feinstein, 

2004) and may in fact be associated with positive outcomes 

(Han et al., 2007; Willemse-van Son, Ribbers, Hop, van 

Duijn, & Stam, 2008).  
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  Several authors have assessed both short-term and 

long-term outcomes following a head injury associated with 

the possession of the APOE E4 allele. Short-term 

longitudinal data from adults diagnosed with mild to 

moderate traumatic brain injuries were collected from 80 

patients.  Neuropsychological symptom data were collected 

at an average of three weeks post-injury and again 

approximately three weeks later.  The neuropsychological 

battery assessed motor function, reaction time, memory, 

executive function and attention/concentration.  A symptom 

questionnaire was designed to determine information 

regarding emotional and psychological states.  Out of 

thirteen neuropsychological tests, the APOE E4 positive 

patients (n = 18) only scored significantly lower on the 

paced auditory serial addition task at baseline.  Although 

the APOE E4 patients had lower mean scores on each test, 

there were no significant differences between groups in the 

post-test measurements.  There were several limitations to 

this study.  First, the baseline data were collected three 

weeks post-injury, instead of prior to the head injury and 

the post-test measurements were not timed to allow for a 

complete recovery time.  Also, there was a large pool of 

potential participants and only a small sample size was 
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derived for the study.  Finally, power calculation was not 

mentioned by the authors and may be a potential issue due 

to the large amount of variables (Liberman et al., 2002).  

In addition, patients with a positive toxicology report 

were eliminated (Liberman et al., 2002) while another study 

has identified an association between APOE E4 possession, 

alcohol and poor long-term outcomes (Jiang et al., 2006).  

 In a retrospective study of 34 mild head injury 

patients, those with the combination of previous head 

injury and possession of the E4 allele demonstrated poorer 

outcomes on three post-injury neuropsychological 

assessments than their pre-test measurements.  Participants 

were selected from a larger-scale health study in which 

longitudinal data were collected over the course of twelve 

years.  Those participants who self-reported a head injury 

that required medical intervention between testing sessions 

were invited to take part in the current study.  Any 

potential participant that could not provide medical 

records detailing the mild head injury was excluded from 

analysis.  Participants had their DNA tested for APOE 

status (i.e., E2, E3, or E4). Of the 34 selected, 11 (33%) 

possessed the APOE E4 allele.  Participants were tested 

with nine neuropsychological tests, including: free recall 
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of actions and sentences, recognition of actions and 

sentences, face recognition, recall under conditions of 

divided versus focused attention, verbal fluency, and block 

design.  Participants possessing the E4 allele demonstrated 

significantly poorer post-injury scores on the divided 

attention, recognition of faces, and recall of actions 

tests.  There was no significant difference ( p > .05) in 

post-injury performance between E4 positive and E4 negative 

groups.  To identify whether the decreased post-injury 

scores were a product of genetics rather than mild head 

injury, age-, gender- and education-matched controls that 

possessed the E4 allele but had no history of mild head 

injury were compared with the 11 mild head injury E4 

positive participants.  No significant differences were 

observed in the mean scores from either test session, 

indicating an interaction between intrinsic (i.e., 

possession of E4 allele) and extrinsic (previous mild head 

injury history) factors (Sundström et al., 2004). 

 Patients from a large-scale health assessment study 

were examined in the initial testing session for a battery 

of health behaviors and were prospectively followed for a 

number of years, with additional post-test assessments at 

five-year intervals.  Participants self-reporting a mild 
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TBI were asked to answer yes or no to the following 

questions, “do you often feel fatigued?,” “do you often 

have sleeping difficulties?,” “do you often feel 

depressed?,” “do you often feel lonely?,” and “do you often 

feel anxious?”  MTBI patients were matched with two 

controls without a previous history of head injury and 

their responses were compared.  APOE status was also 

assessed and participants were divided into E4 positive and 

E4 negative groups.  Prior to injury, 16% of MTBI 

participants reported fatigue, which increased 

significantly to 42% post-injury.  Compared to controls, 

there was no significant difference at baseline; however, 

significantly more MTBI participants reported feeling 

fatigued compared to controls post-injury.  Carriers of the 

E4 allele more commonly reported post-injury fatigue than 

non-carriers.  In addition, MTBI individuals possessing the 

E4 allele reported fatigue significantly more often post-

injury than E4 carrying controls, suggesting an interaction 

between intrinsic (i.e., E4 positive) and extrinsic (i.e., 

previous history of head injury) factors and long-term 

outcomes.  Forty-two percent of MTBI patients in the 

current study reported fatigue and within the MTBI group, 

58% possessed the APOE E4 allele.  Limitations in this 
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study include lack of standardized measurement assessments, 

lack of control over medications, and small sub-sample size. 

The results suggest, however, that the combination of MTBI 

history and possession of the E4 allele may produce an 

additive effect and increase the risk of persistent fatigue, 

from one to five years post-injury (Sundström et al., 2007).   

 Thirty professional boxers underwent examinations by a 

neurologist and were scored in the areas of motor (i.e., 

assessment of motor behavior from normal to severe 

impairment in coordination, dysarthria, parkinsonism, gait 

disturbance, and pyramidal signs), cognitive (i.e., 

Folstein Mini-Mental State Examination) and behavioral 

(i.e., observations and information given by participant) 

deficits according to a Chronic Brain Injury (CBI) scale. 

CBI scores are evaluated in a range from zero to nine; the 

higher the score, the greater the impairment.  In addition, 

exposure to boxing was rated according to self-report, 

proxy or medical record verification.  Blood samples were 

obtained to assess APOE genotype.  Results indicate that 

37% of the participants had normal neurological findings; 

whereas, 63% had neurological abnormalities.  In addition, 

40% were determined to have mild CTBI, 13% had moderate 

impairments, while 10% had severe impairments.  
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Interestingly, 50% of the 12 boxers identified as probably 

having CTBI had at least one APOE E4 allele.  All 3 boxers 

having severe impairments had at least one copy of the E4 

allele.  Significantly higher CBI scores were observed in 

boxers possessing the E4 allele versus participants without 

the E4 allele.  In addition, high-exposure boxers (i.e., 

those with > twelve bouts) with the E4 allele had a 

significantly higher CBI score than high-exposure boxers 

without the E4 allele.  Finally, high exposure boxers with 

the E4 allele had significantly greater Chronic Traumatic 

Brain Injury symptoms than low-exposure boxers also 

possessing the E4 allele.  This is the first study that 

demonstrates a possible link between APOE genotype, head 

impact exposures due to sports and long-term outcomes 

(Jordan et al., 1997).  

 A group of 53 active professional American football 

players provided DNA samples and underwent baseline 

cognitive testing during preseason training camp.  History 

of concussion was self-reported and validated by a medical 

record search; no participant had suffered from a 

concussion within nine months of testing.  Cognitive 

testing was assessed via the MicroCog battery under the 

supervision of neuropsychologists.  MicroCog assesses 
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information-processing speed and accuracy by testing 

attention, memory, spatial processing, reasoning and 

reaction times.  Exposure to contact was determined by 

using the mean age of participants as a cut-off; anyone 

27.1 years or less were in the younger, low-exposure group 

while anyone older than 27.1 years was in the older, high-

exposure group.  Players were also divided by position, 

with lineman in a low-velocity impact group and 

quarterbacks, defensive backs and special team players in a 

high-velocity impact group.  Players were also divided into 

APOE E4 positive (n = 14; 26%) and negative (n = 39) groups.  

The results demonstrate a significant interaction of APOE 

E4 allele presence and age on cognitive functioning.  More 

specifically, older players with the APOE E4 allele had 

lower indices of cognitive functioning than younger players 

and players without the E4 allele.  Additionally, E4 

positive participants scored significantly poorer in the 

areas of attention, memory and reaction time, which are 

often deficient in post-concussion assessments in injured 

athletes.  Because this was a cross-sectional assessment in 

a group of football players with no recent history of 

concussion, the results of this study may provide evidence  
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for the possibility of long-term deficits in APOE E4 

positive individuals with high head impact exposure (Kutner 

et al., 2000). 

 Veterans and active duty military personnel with TBI 

were assessed via the California Verbal Learning Test, the 

Controlled Oral Word Association Test and the Animal 

Fluency Test.  All participants had impaired scores of 

memory and verbal fluency compared to normative values.  

TBI participants with the APOE E4 allele had significantly 

poorer memory, short- and long-delay recall scores than 

participants without the E4 allele.  The results of this 

study indicate that no matter what the severity level of 

the initial TBI, those participants with the E4 allele had 

performances as poor as patients without E4 suffering from 

severe brain injuries (Crawford et al., 2002). 

 To examine the effects of the APOE E4 allele on long-

term outcomes of TBI patients, 89 patients admitted to a 

neurosurgical unit were prospectively assessed six-months 

post-injury.  Patients’ APOE status was determined via PCR 

on blood samples; computed tomography scans were used to 

identify injury type.  Six-month outcome data revealed that 

17 of 30 patients with the APOE E4 allele (34%) had 

unfavorable outcomes (i.e., dead, vegetative state, or 
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severely disabled) compared to 16 of 59 without the E4 

allele.  Patients with the APOE E4 allele were 

approximately twice as likely to have an unfavorable 

outcome as those lacking the allele.  In addition, the four 

participants that were APOE E4 homozygotes were severely 

disabled at six months, while only eight of 26 

heterozygotes and 11 of 63 without the allele had that 

outcome.  Younger patients with less focal mass lesions 

should have a positive prognosis; however, if these 

patients possessed the E4 allele, they had a lower Glasgow 

Coma Scale (GCS) Score, indicating a poorer outcome.  The 

results of this study indicate that the possession of the 

APOE E4 allele is associated with poor outcome at 6 months 

post-TBI and may have an additive effect (i.e., worse 

outcomes when homozygous versus heterozygous for the E4 

allele).  Also, age may play a role in determining outcome 

in patients with the APOE E4 allele (Teasdale et al., 1997).  

 In a study involving TBI patients with a history of 

blunt trauma, initial GCS scores taken upon admission to 

the study and total days of loss of consciousness were 

recorded.  In a follow-up visit six to eight months later, 

a functional assessment of mobility and independence was 

conducted.  A favorable outcome was operationally defined 
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as patients who were independent and presenting without 

dysarthria, dysphasia or severe cognitive or behavioral 

abnormalities; whereas, those individuals with severe 

abnormalities or who were completely dependent were 

considered unfavorable. Results indicated a significantly 

higher frequency of poor GCS score and loss of 

consciousness over seven days in patients with the APOE E4 

allele compared to those without the allele.  In addition, 

only one of 27 (39%) APOE E4 positive patients and 13 of 42 

APOE E4 negative patients had excellent functional outcomes. 

This study demonstrates that the presence of the E4 allele 

is associated with poor short and long-term (i.e, six to 

eight month) outcomes (Friedman et al., 1999).    

 A meta-analysis of APOE E4 allele and outcome after 

TBI suggests that the presence of the APOE E4 allele will 

increase the risk of poor long-term outcome post-injury, as 

measured by the GOS at 6-months post-injury; however, no 

strong association was found between APOE E4 allele 

presence and initial GCS scores.  There were several 

inclusionary criteria to be included in the meta-analysis: 

cohort study, either the GOS or Glasgow Coma Score used as 

the evaluation tool, and the period of follow-up was at 

least 6 months. Studies were excluded if they had 
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inadequate methods, a sample size of less than 50, 

insufficient baseline measurements or insufficient data for 

a pooled analysis (Zhou et al., 2008).   

 A similar study demonstrated no significant 

differences in TBI outcomes based upon APOE E4 possession; 

however, an interaction between age and E4 possession was 

associated with poor outcomes.  Nine hundred eighty-four 

acute head injury patients, of which 324 (33%) were 

carriers of the APOE E4 allele, were enrolled in the study 

upon entrance into the hospital.  At the initial visit, GCS 

scores were recorded and DNA was taken from either blood or 

buccal sampling.  Six months post-injury, scores for the 

GOS were collected.  There was no significant association 

between possession of the E4 allele and unfavorable 

outcomes.  A statistically significant interaction ( p = 

0.01) was found between age, E4 allele possession, and 

outcome at six months.  The association was most pronounced 

in participants less than fifteen years of age.  The 

authors compared the possession of the E4 allele when 

younger than fifteen years of age to the aging effects of 

25 years.  After this significant difference, the adverse 

effect began to taper off until neutral by the ages 55-60.  

Study limitations include the fact that severity was only 
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characterized at admission, with no data to identify their 

stage between the initial and the six-month follow-up and 

outcome was assessed via psychosocial and QoL measures.  

The results of this study indicate that carrying the E4 

allele may be most detrimental during the recovery phase 

instead of acutely as other authors have demonstrated. In 

addition, this was the first study to demonstrate an 

association with younger age, E4 allele possession and 

outcome (Teasdale et al., 2005). 

 Eighty-eight cadaveric brain sections were stained to 

observe the presence of amyloid.  APOE genotype was 

collected as a part of a previous study.  In addition, 

contusion index scores were obtained by multiplying the 

extent and depth of the contusions.  Total contusion index 

scores for the entire brain were found by summing the 

contusion index scores found in different parts of the 

brain.  Cerebral amyloid angiopathy was found in seven of 

forty APOE E4 (18%) trauma patients but in only one of 

forty-eight (2%) non-E4 carriers.  The relative risk of 

developing cerebral amyloid angiopathy in trauma patients 

with at least one E4 variant allele was increased 8.4 fold 

versus patients with no E4 variant alleles.  There was a 

trend towards larger scores in E4 homozygous individuals; 
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however, the small number of patients carrying two E4 

alleles was not enough to achieve significance.  The 

authors hypothesized that the amyloid deposition in the 

blood vessels may impair the vascular muscle tone of the 

blood vessels and increase vulnerability to ischemia 

(Leclercq et al., 2005). 

 A post-mortem case study was conducted on a retired 

National Football League athlete with a history of at least 

15 concussions.  Examination of the cadaveric brain 

revealed diffuse cerebral taupathy, including 

neurofibrillary tangles and neuritic threads but no 

cerebral amyloid angiopathy. Interestingly, the athlete’s 

APOE genotype was homozygous for normal E3 allele.  This 

study demonstrates a possible link with repetitive head 

impacts and/or multiple concussions and chronic traumatic 

encephalopathy; however, it does not support the 

association of the rare APOE E4 allele.  One limitation of 

this case study is that it did not test for the APOE 

promoter genotypes, which may play a role in the up-

regulation of the apoE protein (Omalu, Hamilton, Kamboh, 

DeKosky, & Bailes, 2010). 

 Forty-two families with known APOE E4 genotype who 

were either diagnosed with Alzheimer’s Disease or have been 
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found to be unaffected after age 60 were evaluated for a 

possible gene-dose association.  It was found that the 

amount of individuals affected increased with the amount of 

E4 alleles possessed.  Twenty percent of individuals with 

E2 or E3 genotype were diagnosed with Alzheimer’s Disease 

compared to 47% of those with one E4 rare allele and 91% of 

those with two E4 alleles.  In other words, the risk of 

Alzheimer’s Disease was almost three times greater for each 

additional rare allele possessed.  In addition, each 

additional E4 allele shifted the age of disease onset to a 

younger age; 84.3 years in E2 or E3 genotype, 75.5 in E4 

heterozygous and 68.4 in E4 homozygous participants.  

Finally, survival was also found to be gene-dose dependent; 

84.9 years in those with no E4 alleles, 78.8 in those with 

1 E4 allele and 78.1 in those with 2 E4 alleles.  These 

findings demonstrate that the possession of E4 is a major 

risk factor for Alzheimer’s Disease and may also affect the 

age of onset and survival times (Corder et al., 1993). 

 Twenty one cadaveric brains from the Glasgow Head 

Injury database were examined to determine if long-term 

(i.e., greater than 1 month) survivors of head injury 

possessing the E4 rare allele are more likely to have (A β) 

deposits.  APOE genotype was confirmed via formalin-fixed 
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paraffin embedded in the cadaveric tissue.  The head-

injured cases were matched by age and genotype with 

controls with no previous history of head injury or 

neuropathology.  Sections of the frontal and temporal brain 

were examined by immunohistochemistry.  The sections were 

scored dichotomously at first; A β+ if plaques were present 

and A β- if none were evident.  Following this, the A β 

deposition was quantified by averaging the number of 

plaques counted within five fields of the brain section.  

Classification was as follows: no plaques (-), less than 10 

plaques (+), between 10 and 20 plaques (++), and greater 

than 20 plaques (+++).  Of the 21 head-injured cases, 29% 

possessed the APOE E4 rare allele; however, none were 

homozygous.  Survival time ranged between 50 days and 20 

years.  Twenty-four percent of the head-injury cases and 

29% of the controls had (A β) deposit formation.  Results 

indicated that (A β) deposition was associated with the 

possession of APOE E4 rare allele in both cases ( p = 0.048) 

and controls ( p = 0.029).  When comparing brain sections of 

all APOE E4 positive participants regardless of head injury 

status (n = 12) with APOE E4 negative participants (n=30), 

50% of those possessing the rare allele demonstrated (A β) 

deposition compared to 17% of those without the allele ( p = 
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0.026).  The quantity of (A β) deposits did not vary between 

cases and controls.  These results indicate that while APOE 

E4 allele possession is associated with (A β) deposition; 

however, there is no evidence that long-term survivors are 

more likely to have (A β) plaque formation compared to a 

non-injured control group. Several hypotheses were provided 

by the authors as possible explanations: the (A β) 

deposition may pre-date the fatal head injury, in the head-

injured population the (A β) deposition may develop as a 

terminal event, the (A β) deposition could be a dynamic 

event that is triggered by TBI but reabsorbed in survivors 

or there could have been a sample size limitation in the 

current study (Macfarlane et al., 1999).  This outcome is 

clinically relevant because if plaque is formed, a 

disruption in blood flow may follow. 

 Cerebral blood flow and neurobehavioral outcomes were 

assessed in fifteen patients with severe traumatic brain 

injury.  Neurobehavioral outcomes were evaluated three 

months post-injury by the Disability Rating Scale and the 

Glasgow Outcome Scale.  Genetic assessments determined that 

eleven of the participants had APOE 3/3 while four had APOE 

3/4.  There were no significant differences in cerebral 

blood flow; however, there was a trend toward lower values 
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in individuals with the possessing the E4 allele.  There 

was no mention of power calculation by the authors to 

determine if this trend was in fact due to a small sample 

size or if it occurred by chance. Seventy five percent of 

the individuals possessing the E4 allele died within the 

three-month testing period as compared to nine percent of 

those without the rare E4 allele, demonstrating 

significantly poorer long-term outcomes in this group (Kerr 

et al., 1999).   

 In the mainland Chinese population, having the APOE E4 

allele was found to be the only risk factor to predispose a 

traumatic brain injured adult to clinical deterioration.  

One hundred and ten patients with TBI were enrolled in the 

study upon hospitalization.  Results revealed that seven of 

seventeen patients with the APOE E4 allele (16%) 

demonstrated significantly greater deterioration than those 

patients without the E4 allele.  In addition, the 

consumption of alcohol, as ascertained in medical records, 

coupled with the APOE E4 allele yielded even greater 

deterioration (Jiang et al., 2006).   

 In another study of mainland Chinese, TBI patients 

identified prospectively were placed into one of many 

outcome groups (i.e., dead, vegetative state, severe 
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disability, moderate disability or good recovery) based 

upon their 6-month follow-up score on the GOS. APOE 

genotype was assessed from blood samples taken at the 

initial visit.  At six months post-injury, APOE E4 positive 

patients had a significantly poorer outcome than APOE E4 

negative patients.  Fifty-two percent with the E4 allele 

had an unfavorable outcome while only 24% of those without 

the E4 allele had the same prognosis.  When controlling for 

age, alcohol consumption and Glasgow Coma Scores, the 

association remained significant (Chiang et al., 2003). 

 Following intracerebral hemorrhage, patients with the 

APOE E4 allele had a significantly worse neurological 

outcome and a 3-fold increase in mortality than those 

without an E4 allele.  In addition, in a normal population, 

it is expected that there will be 52-66% with APOE 3/3 

genotype and 19-21% with APOE 3/4 genotype.  In this 

limited sample of 44 patients, there is a two-fold excess 

of patients with E3/4(Alberts, et al., 1995).   

 Although there is strong evidence that the presence of 

the rare APOE E4 allele is associated with poor short- and 

long-term outcomes, there is conflicting data.  There is 

evidence that the presence of APOE E4 is not associated 

with detriments in cognition or memory (Chamelian et al., 
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2004) and may in fact be associated with better scores on 

learning tasks post-injury (Han et al., 2007).  In addition, 

E4 positive patients scored significantly better on the GOS 

than E4 negative patients at 12-36 months post-injury 

(Willemse-van Son et al., 2008).  Athletes with no previous 

history of concussion that possessed the E4 allele were no 

more likely to be diagnosed with a concussion than those 

athletes without the allele (Kristman et al., 2008).  These 

studies have limitations to include special populations (e. 

g., active military personnel), limited baseline data, and 

lack of control group data. 

 Ninety patients with a diagnosed mild to moderate TBI 

were prospectively followed for 6 months post-injury.  At 

6-months post-injury, a buccal DNA sample was taken and a 

neuropsychiatric test battery was performed.  Included in 

the neuropsychiatric examination were: GCS, Rivermead Head 

Injury Follow-Up Questionnaire, Rivermead Post-Concussion 

Symptoms Questionnaire, Twenty-eight item General Health 

Questionnaire, mood disorder section of the Structured 

Clinical Interview for the DSM-IV (i.e., to identify major 

depression), resumption of work or studies, and a cognitive 

battery including Wechsler Adult Intelligence Scale-III for 

working memory, logical memory I and II, California Verbal 
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Learning Test-II, Brief Visuospacial Memory Test, Paced 

Auditory Serial Addition Task, Controlled Oral Word 

Association test, Wisconsin Card Sorting Test, Simple 

Reaction Time, Choice Reaction Time and Vocabulary Subscale 

of the Wechsler Abbreviated Intelligence Scale.  Patients 

possessing the E4 allele (n = 19; 21%) were compared to 

those not possessing the E4 allele (n = 71); no significant 

differences were found for any of the cognitive 

measurements assessed, suggesting no association between 

possession of the E4 allele and poor neuropsychiatric or 

cognitive long-term effects.  One limitation in the current 

study was a lack of baseline measurements for all of the 

assessments.  Interesting to note is that there were no 

patients that were homozygous for the E4 allele (i.e., 

E4/E4); therefore, it is still possible that an association 

exists between a homozygous possession of the E4 allele and 

poor long-term outcome (Chamelian et al., 2004). 

 Active military personnel who had recently suffered 

from mild to moderate were enrolled in the current study. 

Participants were excluded if they have a history of severe 

or repetitive head injuries, substance abuse, or 

psychiatric disorders.  Within four to five weeks of injury, 

88 participants were given a battery of psychosocial (i.e., 
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sections A, D & E of the Frontal Lobe Personality Scale, 

Glasgow Assessment Schedule, Kennedy-Johnson Post-

Concussion Scale, Beck Depressive Inventory and SF-36 Item 

Health Survey) and neuropsychological tests (i.e., Digit 

Span and Digit Symbol subtests from the Wechsler Adult 

Intelligence Scale and Paced Auditory Serial Addition tests, 

Block Design and Matrix Reasoning subtests from the 

Wechsler Abbreviated Scale of Intelligence, Verbal Fluency, 

Design Fluency, Colour-Word Interference, Sorting Functions 

System, Logical Memory subtest from Wechsler Memory Scale, 

California Verbal Learning Test, and American National 

Adult Reading Test).  In addition, buccal swabs were taken 

to assess APOE genotype.  Participants were divided into an 

APOE E4 positive group (n=16; 21%) and an APOE E4 negative 

group (n=62).  The results revealed that the group with at 

least one APOE 4 allele performed significantly better on 

the CVLT-II List A Trials 1-5 Total Learning ( p = 0.01) and 

near significant differences in WAIS-II Digit Symbol Age ( p 

= 0.04) and the CVLT-II Short Delay Free Recall ( p = .05).  

Secondary analyses were performed to control for possible 

differences in proportion of TBI severity between groups 

and revealed between-groups near-significance for WAIS-III 

Digit Symbol Age Scale ( p = 0.03), D-KEFS Colour-Word 
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Interference Inhibition/Switching subscale ( p = 0.02), and 

CVLT-II List A Trials 1-5 Total Learning ( p = 0.04), with 

APOE E4 group again performing better.  These results 

differ from several other studies, and several limitations 

exist.  The participants in the current study are younger 

than some of the other studies and utilized a specific 

military population; therefore, results may not be 

generalizable to the general or athletic population.  

Because the patients had to be referred to the clinic for 

testing, there may have been a selection bias.  Finally, no 

baseline data existed on either group and there was no 

control group to clarify whether the young, E4 participants 

with no history also showed greater performance on these 

tests, possibly creating a Type I error (Han et al., 2007). 

 Though many studies have focused the short-term 

effects of the APOE E4 allele on TBI, few have examined 

effects at greater than six-months post-injury.  Patients 

with moderate to severe TBI had baseline measurements of 

GCS taken within the first 24 hours post-injury.  Patients 

were prospectively examined and interviewed at 3, 6, 12, 18, 

24, and 36 months post injury; buccal DNA samples were 

collected.  The patients’ functional outcome was measured 

by the following: GOS, Sickness Impact Profile-68, and the 
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Community Integration Questionnaire.  Results revealed a 

significant interaction effect between time and APOE status 

( p = 0.031), with patients possessing the APOE E4 allele 

performing significantly better on the GOS than those 

patients lacking the allele at 12 to 36-months post-injury.  

There were no other significant differences.  This study is 

unique in that it assesses long-term global functional 

outcome.  The results suggest that in moderate to severe 

TBI, patients with the APOE E4 allele have better 

functional outcomes in a year to three years post-injury 

(Willemse-van Son et al., 2008). 

 A large-scale four-year study conducted at the 

University of Toronto examined the associations between 

APOE E4 presence and the time to first concussion in  

football, field hockey, basketball, ice hockey, lacrosse, 

rugby, soccer and volleyball varsity athletes.  The 

athletes gave a blood sample to determine APOE status and 

were prospectively followed until one of the following: 1) 

concussion occurred; 2) participation in athletics ceased; 

or 3) study ended. Three hundred eighteen athletes 

volunteered to participate in this study; since the study 

was conducted for four years, some athletes were followed 

for four years while others were only followed for one.  
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During participation in the study, if an athlete required 

time out from play, voluntarily complained of a possible 

head injury or if a sports medicine professional witness a 

collision, athletes were evaluated by a sports medicine 

professional and diagnoses were verified by a physician.  

The results indicated a three-time greater risk of 

concussion in participants with a previous history of 

concussion.  There was no association found between the 

possession of the APOE E4 allele with concussion diagnosis. 

Several limitations to this methodology include the 

exclusion of head injuries sustained when sports medicine 

professionals were unavailable to perform on-field 

assessments, previous head injuries and multiple head 

injuries within the window of testing.  In addition, 

athletes more likely not to volunteer were males 

participating in contact sports with previous concussions.  

In addition, participants were not identified as E4 allele 

homozygous or heterozygous, for the E4 allele (Kristman, et 

al., 2008). 

 APOE genotype is not significantly associated with 

early onset, late onset or delayed-onset post-traumatic 

seizures in adults with severe traumatic brain injuries.  

Interestingly, fifty percent (i.e. two of four) of the 
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individuals homozygous for the APOE E4 allele experienced 

delayed-onset late post-traumatic seizures.  Individuals 

possessing the E2 allele or who were heterozygous for the 

E4 allele did not experience any late post-traumatic 

seizures, indicating the possible protective effect of the 

E2 allele.  A major limitation to this study is the limited 

sample size of 322 subjects; sample size calculations 

demonstrated that over 2000 individuals would be needed to 

adequately evaluate the association between post-traumatic 

seizure and the APOE E4 allele (Miller et al., 2010).   

 In a retrospective study of 196 collegiate football 

and soccer athletes, carrying the rare APOE E4 allele alone 

was not significantly associated with a history of previous 

concussion.  Those athletes who are carriers for three APOE 

rare alleles (i.e., E2, E4, and G-219T promoter) were 

nearly ten times more likely to report a history of 

concussion, indicating the need to expand the genetic 

testing to include additional rare alleles (Tierney et al., 

2010).   

APOE Promoter Rare Alleles  

 The promoter region of a gene is the area that 

regulates transcription.  If rare alleles are present in 

the promoter region, there may be an upregulation or 
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downregulation of the specific gene, which can affect the 

amount of protein that is produced (Roth, 2007).  Within 

APOE, there are three recognized polymorphisms at -491 

(i.e., A/T traversion), -427 (i.e., T/C transversion), and 

-219 [(i.e., G/T transversion) Artiga et al., 1998]. 

-491 A/T Polymorphism.  The -491 A/T polymorphism is 

located within 5’- flanking region of the APOE gene and may 

regulate transcription.  Compared to the -491 T allele, the 

-491 A allele is associated with higher levels of APOE 

promoter activity (Bullido et al., 1998; Laws et al., 2002) 

and binds differently to nuclear extracts, possibly due to 

differential affinity for nuclear proteins (Bullido et al., 

1998).  In addition, there may be a gene dosage effect, as 

pre-frontal cortex samples with two rare alleles (i.e., -

491 AA genotype) have higher levels of apoE present than 

those with one allele (i.e., -491 AT genotype), which in 

turn have greater levels than individuals with no rare 

alleles [i.e., -491 TT genotype (Laws et al., 2002)].  The 

-491 A/A genotype is also associated with clinical 

deterioration following TBI in the mainland Chinese 

population; deterioration was worse in -491 A/A individuals 

also carrying the APOE E4 rare allele (Jiang et al., 2007).  

It is suggested that the rare promoter alleles will have 
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the greatest impact if an individual also carries another 

rare allele (i.e., E4 allele) because the pathogenic 

isoform would be upregulated, creating more of a protein 

that has the potential to alter structure and function 

(Laws et al., 2002; Jiang et al., 2007).   

 The -491 A/T polymorphism was tested in both Spanish 

and North American populations.  Within the Spanish 

participants, the frequency of the -491 A allele was 

increased in Alzheimer’s disease patients compared to 

controls.  Specifically, those possessing the rare -491 A/A 

genotype had a threefold risk for Alzheimer’s disease.  

Within the North American population, the frequency of the 

-491 A/A genotype and the -491 A allele were found to be 

significantly higher in the patients than in controls.  In 

both populations, the risk associated with the -491 A 

allele was independent of the E4 allele possession (Bullido 

et al., 1998).  These results were re-affirmed by Lambert 

et al. (2001).  An association was found between the APOE 

promoter rare polymorphisms and the amount of (A β) load 

that is independent of APOE genotype in Alzheimer’s-

diseased brains.  Specifically, individuals with two rare  
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promoter alleles (i.e., -491 AA or -219 TT) had increased 

amounts of (A β) load, regardless of APOE genotype (Lambert 

et al., 2001). 

-219 G/T Polymorphism.   Although an association was 

found between the APOE -491 genotype; there was no 

association between APOE -219 promoter genotype and 

clinical deterioration in the mainland Chinese population 

(Jiang et al., 2007).  These results are in disagreement 

with other studies (Lendon, Harris, & Pritchard, 2003; 

Terrel et al. 2008). One possible reason for different 

outcomes may be due to possible ethnic differences (Jiang 

et al., 2007).  

Although no association was found between poor outcome 

following TBI and the -491 genotype, a significant 

association was discovered between the -219 T/T genotype 

and poor outcome. In addition, the T allele and the T/T 

genotype were both largely represented in Alzheimer’s and 

TBI patients with unfavorable outcomes.  This study had a 

limited sample size and linkage disequilibrium may have 

been present (Lendon et al., 2003).   

A multi-center cross-sectional study retrospectively 

examined the association between APOE, APOE promoter (i.e., 

-219) and tau genotypes and a self-reported history of 
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concussion in collegiate football and soccer athletes.  

Those with the -219 T/T genotype were nearly three times 

more likely to have a history of concussion compared to 

individuals with the -219 G/G genotype.  These associations 

were stronger for Cantu grades two and three concussions, 

in individuals with five or more years of sport 

participation and in African Americans.  Researchers also 

found no significant association between history of 

concussion and the APOE (i.e., E4 or E2) or tau 53 

genotypes; however, there was a trend towards significance 

with the tau 53 polymorphism when multivariate statistics 

were adjusted.  This study has several methodological 

limitations including recall bias, the possibility of 

underreporting of concussions, and the elimination of 

concussions occurring eight or more years prior (Terrell et 

al., 2008).      

In a multicenter, cross-sectional study of 196 

collegiate football and soccer athletes, possession of 

three rare APOE alleles (i.e., E2, E4, and G-219T promoter) 

was significantly associated with a self-reported previous 

history of concussion.  Those athletes with three rare 

alleles were nearly ten times more likely to have suffered 

a concussion than non-carriers.  Additionally, athletes 
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with the G-219T promoter rare allele were 8.4 times more 

likely to report a history of multiple concussions.  The 

results indicate that individuals participating in high 

head impact sports and carrying the rare alleles may be at 

a greater risk of suffering from concussion, demonstrating 

a need for individualized care (Tierney et al., 2010). 

 QoL and Cognitive Functioning  

QoL. Health-related QoL represents the patient’s perception 

of their physical and psychosocial well-being shaped by 

their individual beliefs, values and experiences (Testa & 

Simonson, 1996).  A patient’s QoL following disease or 

injury should be an important factor when determining the 

course of treatment for the individual (Wallander, Schmitt, 

& Koot, 2001).  Instruments used to measure health-related 

QoL encompass both physical and psychosocial domains, 

including the subareas of emotional, social and role 

functioning (World Health Organization, 1948).  Different 

scales exist for use in different age ranges (e.g., PedsQL, 

SF-36). 

 Female athletes, regardless of injury status, have 

lower health related QoL vitality and mental component 

subset scores of the SF-36 and happiness subscale score on 

the Pediatric Outcomes Data Collection Instrument compared 
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with males.  Though few gender-related differences were 

found related to well-being, female athletes generally 

scored lower on psychological well-being than males (Tanabe, 

Snyder, Bay, & Valovich McLeod, 2010). 

 Baseline SF-36 scores were calculated for Division I 

collegiate athletes and compared to normative data.  

Noninjured male athletes had significantly increased role 

emotional scores when compared to the normative group; 

whereas, noninjured female athletes showed significant 

increases in mental component summary, physical function, 

role emotional, mental health and vitality scores.  Serious 

injury was a predictor of lower mental component summary, 

physical component and all SF-36 component scores.  Mild 

injury was a predictor of lower physical component summary, 

role physical, bodily pain, social function and general 

health scores.  Additionally, noninjured football players 

scored relatively low in the areas of physical function, 

role physical and bodily pain as compared to other 

noninjured athletes while soccer players scored relatively 

high in role physical, social function and general health.  

There were several limitations to this study, including 

inclusion of athletes from only one institution and a lack  
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of definition for mild and serious injury within the 

publication (McAllister, Motamedi, Hame, Shapiro, & Dorey, 

2001). 

 Adolescent athletes self-reporting a history of 

orthopaedic injury within one week had lower scores on the 

SF-36, a generic instrument designed to measure health-

related QoL.  Specifically, injured athletes had poorer 

scores on the physical functioning, pain, and social 

functioning subscales.  In addition, these injured athletes 

have lower scores on the Pediatric Outcomes Data Collection 

Instrument, which is designed to evaluate QoL following 

musculoskeletal injuries in adolescents.  In addition, 

uninjured control athletes reported higher QoL levels than 

the population mean, which may have an impact on the 

injured athlete’s subscale scores that are compared to a 

normal (i.e., non-athletic and uninjured) population 

(Valovich McLeod, Bay, Parson, Sauers, & Snyder, 2009). 

 QoL and post-concussion symptoms were assessed in 

adults with a history of mild traumatic brain injury at 

three months and one year post-injury.  The SF-36 was used 

to measure QoL.  This paper and pencil assessment was 

administered by occupational therapists at three months and 

was self-administered at one year. Results revealed that 
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the TBI group scored significantly lower than the control 

group on all subscales of the SF-36, with the lowest scores 

in vitality.  A significant negative correlation between 

the number of post-concussion symptoms and SF-36 scores 

indicates that the scale is sensitive to differences due to 

mild traumatic brain injury (Emanuelson, Holmkvist, 

Björklund, & Stålhammar, 2003). 

 Patients with mild traumatic brain injury scored 

significantly different than controls on the SF-36 scale 

eighteen months post-injury.  Specifically, the head 

injured patients had significantly lower scores on the 

functional capacity, pain, overall health conditions, 

vitality, social aspects and mental health domains than a 

control population with no history of head injury.  In 

addition, patients experienced persistent s & s and 

exhibited greater anxiety (Lima, Simão Filho, Abib, & de 

Figueiredo, 2008).   

 A 12-month longitudinal study assessed QoL in 96 

concussed children. Results suggest that neuropsychological 

recovery from mild head injury is highly individualized.  

One of the most common deficits seen immediately after mild 

head injury in the sample population was decreased 

cognition, particularly in the areas of information 
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processing speed, memory and attention; however, these 

differences decreased over the 12 month period (Rotarescu & 

Ciurea, 2008).   

 In order to determine how self-reported sport-related 

concussion affects health-related QoL, 312 collegiate 

athletes were grouped by number of previous concussion 

(i.e., 0, 1-2, or 3+) and were assessed with the Medical 

Outcomes Short Form (SF-36) and the Headache Impact Test 

(HIT-6).  Athletes reporting three or more concussions had 

significantly worse scores for bodily pain and social 

functioning compared with both the 0 and 1-2 groups, and 

for vitality compared to the 0 group.  Additionally, those 

reporting three or more concussions reported a 

significantly greater impact of headache than both groups 

while the 1-2 concussion group reported greater headache 

impact than those in the 0 group, as measured by the HIT-6.  

The group reporting 1-2 concussions also reported a greater 

impact of headache on their health-related QoL.  There were 

several limitations to this study.  First, a cross-

sectional sample of athletes was used, including athletes 

in sports that are low-risk for concussion (e.g., tennis).  

In addition, researchers relied on retrospective self-

reported concussion data from athletes, which could have 
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resulted in over reporting or underreporting of concussion 

incidence (Kuehl, Snyder, Erickson, & Valovich McLeod, 

2010).   

 To determine the effects of MTBI on mood, a 

prospective cohort study was used.  Sixteen concussed 

athletes, 325 of their non-concussed teammates and 28 

physically active, healthy controls were administered 

baseline Profile of Mood States.  There were no significant 

differences among the three groups at baseline.  Within 

three weeks post-injury, the concussed group were re-

administered the test four additional times.  The 

physically active control group was also re-administered 

the test four subsequent times to determine normal 

fluctuations from baseline.  The concussed group had 

significantly decreased scores in the depression, confusion 

and total mood disturbance across the four sessions.  

Additionally, significant interactions in these three 

categories demonstrated differences between the concussed 

and control groups across the four sessions.  In the 

concussed group, the mood returned to normal ten days 

before return to play.  This was the first study to 

demonstrate changes in mood following a sports-related 

concussion (Mainwaring et al., 2004). 
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 Concussed athletes were compared to athletes with 

anterior cruciate ligament injuries to determine if 

differences exist in the emotional response to injury.  No 

differences were found in the baseline scores on the Total 

Mood Disturbance and Depression scales of the Profile of 

Mood States between the concussed athletes, the athletes 

with injured anterior cruciate ligament injury and non-

injured athlete control group.  Post-injury assessments 

showed significantly higher scores in Depression and Total 

Mood Disturbance in the concussed group; whereas, the 

anterior cruciate ligament injured group expressed a 

significant increase in depression only.  Another important 

finding is that the depression scores in the concussed 

group were three times higher than baseline while the 

anterior cruciate ligament injury group had scores that 

were seven times higher and lasted longer.  These findings 

indicate that differences may exist in emotional responses 

based on type of injury sustained (Mainwaring, Bisschop, 

Comper, Richards, & Hutchinson, 2010). 

 Health-related QoL is an important component of injury 

recovery and should be a part of an individual treatment 

(Wallander et al., 2001). While uninjured athletes have 

increased QoL compared to non-athletes, the presence of an 



 

 

113
injury significantly decreases scores (McAllister et al., 

2001).  Additionally, the emotional response to concussion 

may be more severe than that of musculoskeletal injury 

(Hutchinson et al., 2009).  Finally, individuals with 

previous self-reported concussions report significantly 

decreased QoL in a dose response (Kuehl et al., 2010), 

indicating a possible cumulative effect of head impacts or 

injury.    
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Please read this sheet 
FIRST! 
 
 
Instructions for Participation in the Research Study Entitled, “Apolipoprotein E 
Genotype and Multiple Concussions in High School Athletes” 
You are receiving this package because you have discussed participation in this research 
study with one of the research team members.  Please follow the directions on this list 
carefully.  If you have any questions while completing this research study, please don’t 
hesitate to call either Jamie Mansell at 215-292-5085 or Ryan Tierney at 215 204-4001. 
 
Before you begin: 

1.  During the test your child will need to sit in a well-lit room with minimal distractions 

(i.e., no television, music or phone).   

 

2. Make sure that they have not had anything to eat or drink in at least 30 minutes. 

 

3. Make sure that you and your child have at least 30 minutes to spend completing this 

research project. 

 

To begin: 
1. You must read the consent form (1).  Sign and date the last page and initial all pages.   

 

2. Have your child read and answer the questions on the last page of the assent form (2).   

 

3. Have your child sign and date the Health Information Portability and Accountability Act 

form (3).  

 

4. Have your child sign and date the Genetic Information Nondiscrimination Act form (4). 

 
5. Next, have your child complete the Concussion History Questionnaire as honestly and 

thoroughly as possible (5).   

 

6. Your child will take the Pediatrics Quality of Life survey (6).   

 

7. Your child will take the Pediatrics Cognitive survey (7). 
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8. Finally, your child will need to spit into the collection tube.  Please make sure that your 

child hasn’t had anything to eat or drink since at least 30 minutes prior to the beginning 

of the study.  Carefully open the sample package.  There are detailed directions in the 

package that you should follow carefully.  There is also a video available on-line: 

http://www.dnagenotek.com/flash/OG-300UserInstructions.swf 

 

9. Once the saliva has been collected and the lid is securely fastened, please double-check 

that all forms have been completed.   

 

10. Pack all the papers and saliva sample into the return envelope.  You may return in 

regular US mail. 

 

11. Once the research team has received the completed kit, we will mail you the $10 gift 

card and information regarding head injuries in sport. 

 

Thank you again for your participation in this research project.  Should you have any 
questions throughout this process, please contact the researchers at the numbers listed at 
the top of this form. 
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Before you read this or fill anything out, please call Ms. Jamie Mansell at 215-
292-5085 or Ryan Tierney at 215-204-4001 so that they can talk you through 
the form and answer any questions you have.  
 
Study Title: Apolipoprotein E Genotype and Multiple Concussions in High 
School Athletes  
 
What is this study about? 
 
Ryan Tierney, PhD, ATC, from the Department of Kinesiology is doing a research 
study.  A research study is when people collect a lot of information to learn more 
about something.  This study is to find out if there are markers in your saliva/spit 
(the genes you get from your parents) that affect how many concussions (bangs on 
the head) a person gets and how serious they are.  
 
Because you play either soccer, football, ice hockey or rugby and are at risk for 
concussion, you are being asked if you want to be in this study. 
 
What will happen to you if you are in this study? 
 

1. First, you will be asked to perform some paper tests in your home that will 
last about 30 minutes. It includes a health questionnaire and information 
about concussions.  There are two other questionnaires that ask how you 
feel emotionally and physically. 

2. Second, you will spit into a small plastic tube so we can find if the markers 
are present. 

3. Once you are finished, you and/or your parents will mail back the surveys 
and tube in the return envelope we will provide. 

4. When Dr. Tierney receives your completed surveys and tube with saliva, 
you will be mailed a $10 I-tunes card. 

 
Will any parts of the study hurt? 
 
No.  If answering some of the questions makes you want to talk to someone about 
your thoughts or feelings, you can call Community Behavioral Health by phone at 
1-888-545-2600 or 215-413-7171 or online www.phila-bhs.org. 
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What if you have questions? 
 
You can ask Dr. Tierney or Ms. Jamie Mansell any questions you have about the 
study.  You can ask your questions now or later, any time you like. You can also 
ask your parents to ask questions for you. 
 
 
What are your choices? 
 
If your parent(s) agree, you can be in this study if you want to, but you don't have 
to be in it if you don't want to.  No one will get mad at you if you don’t want to do 
this. If you decide to be in this study now and you change your mind later, that’s 
okay, too.  You just have to tell the researchers. 
 
If you don’t want to be in this study, just tell us. 
 
If you want to be in this study, just tell us. 
 
Once you are done with this study, we can either throw away your saliva 
samples or keep them to use for other studies. 
 
Would you like us to keep your sample (without your name attached) to use 
for other concussion studies?  Circle one :        YES 
 NO 
 
Would you like us to keep your sample (without your name attached) to use 
for other research studies (not just concussion)?  Circle one:   YES  
 NO 
 
Would you like us to throw away your sample when this research study is 
completed? 
Circle one:        YES   NO 
 
 
SIGNATURE OF PERSON CONDUCTING ASSENT DISCUSSION 
I have explained the study to ______________________(print name of minor here) in 
language he/she can understand, and the minor has agreed to be in the study. 
 
__________________________________   _______________ 
Signature of Person Conducting Assent Discussion  Date 
 
_______________________________ 
Name of Person Conducting Assent Discussion (print) 
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APPENDIX C 

PARENTAL CONSENT FORM 

 

 

 



 

 

137

 



 

 

138



 

 

139

 



 

 

140
 

 

 



 

 

141



 

 

142
 

 

 

 

 

 

 

 

 

APPENDIX D 

HEALTH INFORMATION PORTABILITY AND ACCOUNTABILITY ACT FORM 
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APPENDIX E 

GENETIC INFORMATION NONDISCRIMINATION ACT FORM 
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Genetic Information Nondiscrimination Act Notice 
Temple University Institutional Review Board 
 
Genetic Information and why it is special  
During the course of this research study, which is described by title in the study-
specific document attached, your genetic information will be collected, stored and/or 
analyzed as described in the Informed Consent Document. It is important for you to 
know the specific risks of genetics research and how you are being protected from these 
risks. Genetic information is different from other health information because it could be 
used to predict future health problems of you and/or your relatives. This information may 
be of interest to health insurance companies, life insurance companies, and disability 
insurance companies or your employer who could possibly use this information against 
you.  For that reason, genetic information is considered separate from Personal Health 
Information which is defined on a separate HIPAA Authorization document.   
 
How your information will be used and your rights  
You should know that you have consented for your genetic information to be used in the 
way and for the purpose described in the attached study-specific document. Storing your 
specimens containing the genetic information and use in future research may be 
considered.  You should know that current and future research is overseen by a 
committee called the Institutional Review Board (IRB) which works to protect the rights 
and welfare of research participants.  The IRB may require that you be re-contacted and 
ask for your consent to use your specimens in a specific research study.  Refusal to 
consent at that time will not impact on your care or result in the loss of any benefits to 
which are you are entitled.  Also, any blood, body fluids or tissue specimens obtained for 
this genetics study may contribute to significant scientific or medical breakthroughs.  By 
signing this document and participating in this study, you waive the right to seek 
compensation for developments made using your genetic information.   
Protection of your genetic information  
By signing this authorization form, you give Temple University, Temple University 
Hospital and Temple University Clinical Faculty Practice Plan, the principal investigator 
and/or any sponsors named in the attached study-specific document permission to 
collect, store and/or analyze your genetic information. It is important for you to know that 
the recipients, and their agents or representatives, will take all reasonable efforts to 
maintain your genetic information in confidence, and to use appropriate safeguards to 
prevent further use or disclosure by those not authorized to use or disclose your genetic 
information.  To further protect you, the GINA law was passed to keep your genetic 
information from being used against you.  GINA stands for the Genetic Information 
Nondiscrimination Act  which bans health insurance providers and most employers 
from requiring or requesting your genetic information.  The law prohibits health insurers 
from using genetic information to decide coverage, rates or preexisting conditions.   
Also, employers with more than 15 employees cannot hire fire or make promotion 
decisions based on your genetic information.   
Limitations of GINA  
While GINA does help to protect you, you should know that certain information from your 
specimens is not protected by GINA.  This includes blood counts, cholesterol tests, and 
liver-function tests.  GINA also does not protect against analysis of proteins in your body 
that are related to a disease, disorder or condition that a doctor could find and use to 
diagnose a condition. Your health insurance company may increase your premium 
based on a blood test that shows that you have a preexisting disease. GINA will not 
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protect your genetic information from being used against you by life insurance, disability 
insurance and long-term care insurance companies. Also, GINA does not apply to 
employers with fewer than 15 employees.  Individuals who are or will be working for 
such employers are not covered by GINA protections. These limitations may affect your 
risk of participating in this research.  
The status of GINA and protection of your genetic i nformation  
GINA protects you as described above as of May 21, 2009 for discriminatory practice in 
health coverage and as of November 21, 2009 for employers with more than 15 
employees. 
 
Version: May 2009 
 
 
 
STUDY-SPECIFIC DOCUMENT 
 
1.  RESEARCH STUDY: Apolipoprotein E Genotype and Multiple 
Concussions_in High School Athletes     
    ______  
 
2.  PRINCIPAL INVESTIGATOR: Ryan Tierney, PhD, ATC  
018 Pearson Hall, 048-00_____________________  
Department of Kinesiology___________________  
Temple University__________________________  
Philadelphia, PA 19122______________________  
 
 
3.  RECIPIENTS: 
Sponsor: Temple University        
Sponsor Agents: N/A         
Temple University: Temple University Institutional Review 
Board   
Other(s):OHRP- Office for Human Research Protection  
 
4.  Expiration DATE: None 
             
Signature of Patient      Date 
             
Printed Name of Patient 
             
Signature of Personal Representative of the Patient  Date 
             
Printed Name of Personal Representative of the Patient and Relationship to Patient 
             
Signature of Person Collecting Authorization  Date 
             
Printed Name of Person Collecting Authorization 
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Concussion History Questionnaire 

Subject Number___________    Date__________        
 
Please answer the following questions honestly and to the best of your ability. 
 
1. Gender    M ___ F ___ 
2. Ethnicity/Race  Please check all that apply. 
 ____ African American    ____ Asian/Pacific Islander 
 ____ Caucasian/White ____ Hispanic/Latino 
 ____ Middle Eastern  ____ Native American 
 ____ Other  
 
3. Are you a member of a high school athletic team? 
 YES  NO 
 
4.  What sports do you play at the school? 
 
 
5.  What positions do you play? 
 
 
6.  How long (how many years) have you played your sport?  Be sure to answer for 
each sport you play. 
 
7. Has a doctor or certified athletic trainer ever told you that you had a concussion? 
 YES  NO 
 

7a. If yes, how many times have they told you this?   
 
8.  If you have never had a concussion, skip to question # 9.  If you have had a 
concussion, you will fill out the box below.  Fill out a line of information, straight 
across, for each concussion you have had.  You might not use all five rows.  
 
Concussion What year did 

you have the 
concussion? 

How long did you have 
symptoms or how long 
did you feel bad for? 

How many days did you 
sit out from practice or 
games because of your 
concussion? 

1    
2    
3    
4    
5    
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9.  Sometimes we feel bad after we hit our heads during games or practices.  Think 
back this year, have you ever had any of these feelings after you hit your head 
playing sports?  If you have, mark how often you think this happened. 
 

 Never 
(0) 

Rarely 
(1-3) 

Sometimes 
(4-7) 

Often 
(8-10) 

Always 
(11 or 
more) 

1. Blurred vision or 
your sight was fuzzy 

     

2. Felt confused      

3. Felt dizzy      

4. Felt like little things 
made you mad 

     

5. Felt like you were 
slowed down 

     

6. Had a headache      

7. Lost consciousness 
or you “blacked out” 

     

8. Couldn’t remember 
what happened 

     

9. Had trouble walking 
or standing 

     

10. Heard ringing in 
your ears 

     

11. Saw stars       

12. It felt weird to look 
at a light 

     

13. Small noises 
sounded loud to you 

     

14. Felt like you had to 
throw up or you did 
throw up 
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PPeeddssQQLL  
™™

    

PPeeddiiaattrriicc  QQuuaalliittyy  ooff  LLiiffee    

IInnvveennttoorryy  

 

Version 4.0 

 
 

TEEN REPORT (ages 13-18) 
 

 
 
 

DIRECTIONS 
 
     On the following page is a list of things that might be a problem for you. 
     Please tell us how much of a problem each one has been for you 
     during the past  ONE  month by circling: 
 

0 if it is never  a problem  
1 if it is almost never  a problem  
2 if it is sometimes a problem 
3 if it is often a problem 
4 if it is almost always  a problem 

 

     There are no right or wrong answers.   

     If you do not understand a question, please ask for help. 

 
 

ID# 
___________________ 
 
Date:_______________ 
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In the past ONE month, how much of a problem has this been for 
you … 
 

About My Health and Activities 

(PROBLEMS WITH…) 
Never Almost 

Never 
Some-
times 

Often 
Almost 
Always 

1.  It is hard for me to walk more than 
one block 0 1 2 3 4 

2.  It is hard for me to run 0 1 2 3 4 

3.  It is hard for me to do sports 
activity or exercise  0 1 2 3 4 

4.  It is hard for me to lift something 
heavy 0 1 2 3 4 

5.  It is hard for me to take a bath or 
shower by myself  0 1 2 3 4 

6.  It is hard for me to do chores 
around the house  0 1 2 3 4 

7.  I hurt or ache  0 1 2 3 4 

8.  I have low energy 0 1 2 3 4 

 

About My Feelings (PROBLEMS 

WITH…) 
Never 

Almost 
Never 

Some-
times 

Often 
Almost 
Always 

1.   I feel afraid or scared 0 1 2 3 4 

2.   I feel sad or blue 0 1 2 3 4 

3.   I feel angry 0 1 2 3 4 

4.   I have trouble sleeping 0 1 2 3 4 

5.   I worry about what will happen to 
me 0 1 2 3 4 
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How I Get Along with Others 

(PROBLEMS WITH…) 
Never 

Almost 
Never 

Some-
times 

Often 
Almost 
Always 

1.  I have trouble getting along with 
other teens 0 1 2 3 4 

2.  Other teens do not want to be my 
friend  0 1 2 3 4 

3.  Other teens tease me  0 1 2 3 4 

4.  I cannot do things that other teens 
my age can do 0 1 2 3 4 

5.  It is hard to keep up with my peers 0 1 2 3 4 

    

About School (PROBLEMS WITH…) Never 
Almost 
Never 

Some-
times 

Often 
Almost 
Always 

1.   It is hard to pay attention in class 0 1 2 3 4 

2.   I forget things 0 1 2 3 4 

3.   I have trouble keeping up with my 
schoolwork 

0 1 2 3 4 

4.   I miss school because of not 
feeling well 

0 1 2 3 4 

5.   I miss school to go to the doctor or 
hospital 

0 1 2 3 4 

 



 

 

155
 

 

 

 

 

 

 

 

 

 

 

APPENDIX H 
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  PPeeddssQQLL  
™™

    

CCooggnniittiivvee  FFuunnccttiioonniinngg  SSccaallee 

 

 Standard Version 

 
 

TEEN REPORT (ages 13-18) 
 
 
 

 
 

 

DIRECTIONS 
 
      On the following page is a list of things that might be a problem for you. 
      Please tell us how much of a problem  each one has been for you during     
      the past ONE month by circling: 
 

0 if it is never  a problem  
1 if it is almost never  a problem  
2 if it is sometimes a problem 
3 if it is often a problem 
4 if it is almost always  a problem 

 

 

     There are no right or wrong answers.   

     If you do not understand a question, please ask for help. 
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  In the past ONE month, how much of a problem has this been for  
  you … 

 

 

Cognitive Functioning (PROBLEMS WITH…) Never 
Almost 
Never 

Some-
times 

Often 
Almost 
Always 

1. It is hard for me to keep my 
attention on things 

0 1 2 3 4 

2. It is hard for me to remember 
what people tell me 

0 1 2 3 4 

3. It is hard for me to remember 
what I just heard 

0 1 2 3 4 

4. It is hard for me to think quickly 0 1 2 3 4 

5. I have trouble remembering what 
I was just thinking 

0 1 2 3 4 

6. I have trouble remembering more 
than one thing at a time 

0 1 2 3 4 
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Appendix I-1 
 
Pearson’s Correlation Matrix for the Dependent Variables 

 Years 
Played 

Number of 
Concussions  

PedsQL 
Overall 

Physical 
Subscores 

Psychosocial 
Subscores 

PedsQL 
Cognitive 

Years Played   .057 -.313 -.136 -.230 .055 

Number of 
Concussions 

  -.025  .197 -.054 .215 

PedsQL 
Overall 

    .505   .908* .505 

Physical 
Subscores 

      .289 .  .069 

Psychosocial 
Subscores 

     .552 

Note:  * p < 0.01.  
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Appendix I-2 
 
Crosstabulation of APOE E4 Genotype and Head Impact 
Response 

Group Non-carrier Carrier Fisher’s P 

NHIR 9 2  

PHIR 13 5 0.677 

Note:  NHIR = Normal Head Impact Response. PHIR = Poor Head 
Impact Response. 

 
 
 
 
 

Appendix I-3 
 
Crosstabulation of APOE G-219T Promoter Genotype and Head 
Impact Response 

Group Non-carrier Carrier Fisher’s P 

NHIR 4 7  

PHIR 4 14 0.433 

Note:  NHIR = Normal Head Impact Response. PHIR = Poor Head 
Impact Response. 
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Appendix I-4 
 
T-Test for Quality of Life and Cognitive Function by APOE E4 Genotype within the PHIR 
Group 

      
Difference 

95% Confidence 
Interval 

 
t df p M SE Lower Upper 

PedsQL 
Overall 

 1.072 16 .299  5.555  5.181  -5.427  16.538 

PedsQL 
Cognitive 

 -0.119 16 .907 -1.142 9.588 -21.467 19.183 

Psychosocial 
Subscores 

 1.328 16 .203  7.305  5.499  -4.352  18.961 

Physical 
Subscores 

1.521 16 .148 54.231  35.653 -21.350  129.811 

Note:  PHIR = Poor Head Impact Response.  
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Appendix I-5 
 
T-Test for Quality of Life and Cognitive Function by APOE G-219T Promoter Genotype 
within the PHIR Group 

     
Difference 

95% Confidence 
Interval 

 
t df p M SE Lower Upper 

PedsQL 
Overall 

3.650 15.440 .002 11.125  3.048   4.645  17.605 

PedsQL 
Cognitive 

0.390 16 .702 4.011 10.285 -17.793 25.814 

Psychosocial 
Subscores 

3.251 11.697 .007 11.982  3.686   3.928  20.036 

Physical 
Subscores 

1.080 16 .296  42.857 39.673 -41.246  126.960 

Note:  PHIR = Poor Head Impact Response.  
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Appendix J 
 

RAW DATA
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Appendix J-1 
 
Signs and Symptoms Reported Post-Head Impact in Past Year by Participant 

PIN BV FC FD FA SD HA BO CR TS ER SS LS NS N 

 1 0 0 0 0 0 1 0 0 1 1 0 0 0 0 

 2 2 0 1 0 0 3 0 0 1 1 2 0 0 1 

 3 1 1 1 0 1 1 0 0 0 0 2 0 0 1 

 4 2 0 2 0 1 3 0 0 1 2 0 1 1 0 

 5 1 0 0 0 1 2 0 0 0 0 1 0 0 0 

 6 1 0 2 3 1 3 0 1 0 2 1 1 0 1 

 7 0 0 1 0 0 1 0 0 0 2 0 0 0 0 

 8 2 1 1 0 2 2 1 1 1 0 0 1 0 1 

 9 1 0 2 0 1 2 0 2 0 0 0 0 0 2 

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

11 0 1 1 2 2 3 0 0 0 1 1 0 0 1 

12 0 0 1 2 1 3 0 0 0 3 0 0 0 0 

13 1 1 1 1 0 3 0 0 0 1 0 0 0 0 

14 1 0 1 0 0 1 0 0 0 1 1 0 0 0 

15 1 1 1 2 1 1 0 0 1 1 0 2 0 0 

16 1 1 1 2 1 1 0 0 1 1 0 2 0 0 

17 0 0 2 0 1 3 0 0 0 2 0 0 0 0 
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Appendix J-1. (continued) 

PIN BV FC FD FA SD HA BO CR TS ER SS LS NS N 

18 0 0 1 0 0 1 0 0 0 0 0 0 0 0 

19 0 1 1 0 0 1 0 0 0 0 0 1 0 0 

20 2 1 2 3 1 3 1 0 1 3 0 2 1 0 

21 0 0 1 0 0 1 0 0 0 0 0 0 0 0 

22 0 0 2 3 1 3 1 1 1 2 0 0 0 0 

23 0 0 1 0 0 1 0 0 0 0 0 0 0 0 

24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

25 0 0 1 0 1 1 0 0 0 2 0 2 0 0 

26 1 1 2 0 0 2 0 1 1 3 3 0 0 1 

27 0 0 1 0 0 1 0 0 0 1 1 0 0 0 

28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

29 1 1 1 1 0 3 0 0 0 1 1 0 0 0 

30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Note : PIN = Participant Identification Number. BV = Blurred Vision.  FC = Felt 
Confused.  FD = Felt Dizzy.  FA = Felt Angry.  SD = Slowed Down.  HA = Headache.  BO = 
Blacked Out.  CR = Couldn’t Remember.  TS = Trouble Standing.  ER = Ears Ringing.  SS = 
Saw Stars.  LS = Light Sensitive.  NS = Noise Sensitive.  N = Nausea. 0 = never; 1 = 
rarely; 2 = sometimes; 3 = often. 
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Appendix J-2 
 
Raw Data for Quality of Life and Cognitive Functioning 
Scores by Participant 

PIN Overall Physical Psychosocial  Cognition 

 1  98.9 775 100.0 100.0 

 2 100.0 800 100.0 100.0 

 3  78.3 750  70.0  75.0 

 4  92.4 700  95.0  70.8 

 5  83.7 700  81.7  75.0 

 6  95.7 775  95.0 100.0 

 7  70.0 750  78.3  58.3 

 8  96.7 800  95.0  95.8 

 9  96.7 725 100.0  87.5 

10  98.9 800  93.8  95.8 

11  79.3 675  76.6  54.2 

12  81.5 800  71.6  62.5 

13  79.3 725  73.3  66.6 

14  79.3 750  71.6  66.6 

15  85.8 750  78.3  66.6 

16  91.3 775  88.3  70.8 

17  94.5 800  91.6 100.0 

18  93.5 750  93.3 100.0 

19  95.7 750  96.6  95.8 

20  68.4 700  68.4  79.2 

21 100.0 800 100.0 100.0 

22  95.6 750  96.6 100.0 

23  92.4 750  91.6 100.0 
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Appendix J-2. (continued) 

PIN Overall Physical Psychosocial  Cognition 

24 100.0 800 100.0  95.8 

25  83.6 625  86.6 100.0 

26  90.2 750  88.3  45.8 

27  96.7 750  98.3 100.0 

28  96.7 800  95.0  87.5 

29  73.9 525  78.3  83.3 

30  91.3 800  86.6  91.6 

Note: Overall = Peds QL Inventory Overall scores.  
Physical and Psychosocial = Sub scores of Overall score.  
Cognitive = PedsQL Cognitive Functioning Scale scores. 

 
 

 


