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ABSTRACT
Objective: To examine the effect of age of first exposure to tackle football on CTE pathological
severity and age of neurobehavioral symptom onset in tackle football players with
neuropathologically-confirmed CTE.
Methods: The sample included 246 tackle football players who donated their brains for
neuropathological examination. 211 were diagnosed with CTE (126/211 were without comorbid
neurodegenerative diseases) and 35 were without CTE. Informant interviews ascertained age of
first exposure and age of cognitive and behavioral/mood symptom onset.
Results: Analyses accounted for decade and duration of play. Age of exposure was not
associated with CTE pathological severity, or Alzheimer’s disease or Lewy body pathology. In
the 211 participants with CTE, every one year younger participants began to play tackle football
predicted earlier reported cognitive symptom onset by 2.44 years (p<0.0001) and
behavioral/mood symptoms by 2.50 years (p<0.0001). Age of exposure before 12 predicted
earlier cognitive (p<0.0001) and behavioral/mood (p<0.0001) symptom onset by 13.39 and 13.28
years, respectively. In participants with dementia, younger age of exposure corresponded to
earlier functional impairment onset. Similar effects were observed in the 126 CTE only
participants. Effect sizes were comparable in participants without CTE.
Interpretation: In this sample of deceased tackle football players, younger age of exposure to
tackle football was not associated with CTE pathological severity, but predicted earlier
neurobehavioral symptom onset. Youth exposure to tackle football may reduce resiliency to late
life neuropathology. These findings may not generalize to the broader tackle football population
and informant-report may have affected the accuracy of the estimated effects.
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INTRODUCTION
Chronic traumatic encephalopathy (CTE) is a neurodegenerative disease associated with
exposure to repetitive head impacts (RHI), such as those from tackle football.1-4 In a convenience
sample of 202 deceased tackle football players, CTE was neuropathologically diagnosed in 177
participants.5 CTE is pathologically characterized by an abnormal perivascular deposition of
hyperphosphorylated tau (p-tau) in neurons and astrocytes at the depths of the cerebral sulci.2,3
CTE can only be diagnosed through neuropathological examination using defined criteria.2
Provisional research criteria for diagnosing CTE during life have been proposed (e.g., Traumatic
Encephalopathy Syndrome; TES).6 CTE presents clinically with early- to mid-life
behavioral/mood disturbances (e.g., depression), and/or later-life cognitive impairment (e.g.,
executive and episodic memory dysfunction).3,6
There is heterogeneity in the clinical expression of CTE and there is inter-individual
variability in the age of symptom onset, even in cases with comparable neuropathological load.3,7
A subset of individuals with CTE have been asymptomatic.3 This clinical variability may be
related to individual differences in genetic, clinical, or athletic history factors that could
influence the expression of the disease. For example, a lower cognitive reserve has been linked
with earlier cognitive and behavioral/mood symptom onset in former professional football
players with severe CTE.8 CTE pathological severity may be influenced by factors such as
duration of tackle football play, age at death,3 and beta-amyloid pathology.7 Notably, the type of
contact sport played may modify the presence and severity of CTE pathology and related clinical
symptoms. For example, in vivo research has found minimal clinical impairments in former ice
hockey and rugby players.9,10 Overall, modifiers of the clinical and pathological expression of
CTE continue to be a target of ongoing research.

4

John Wiley & Sons
This article is protected by copyright. All rights reserved.

Annals of Neurology

Living former National Football League (NFL) players who began playing tackle football
before age 12 have been shown to exhibit worse cognition11 and fiber path integrity of the
anterior corpus callosum12 in middle age compared to those who began playing at age 12 or
older. Younger age of first exposure (AFE) to tackle football has also been linked with smaller
thalamic volume in former NFL players.13 In a recent study, younger AFE to tackle football
(before age 12, in particular) predicted increased odds for self-reported neuropsychiatric and
executive impairment in 214 former amateur and professional tackle football players.14 A single
season of youth tackle football has corresponded with white matter changes in 8 to 13 year old
youth tackle football players.15 The ages of youth tackle football coincide with a timeframe of
peak neurodevelopment, including macrostructural, microstructural, and neural network
development.16-31 It is possible that youth exposure to RHI may disrupt neurodevelopment to
lower the threshold for later life clinical dysfunction. Nevertheless, the evidence on youth tackle
football and long-term neurological dysfunction remains unclear, as AFE to tackle football was
not associated with clinical outcomes in a sample of 45 former NFL players.32 Cognitive and
mood difficulties were also not observed in individuals who played high school tackle football in
Wisconsin during the 1950’s.33
The influence of AFE to tackle football on the clinical and pathological expression of
CTE has not been examined. This study investigated the relationship between AFE to tackle
football and stage of CTE pathology,3 (and other neurodegenerative disease neuropathology) as
well as its effect on age of neurobehavioral symptom onset in 211 amateur and professional
football players with autopsy-confirmed CTE. Exploratory analyses examined the relationship
between AFE and age of neurobehavioral symptom onset in a small subset of deceased football
players without CTE.
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MATERIALS AND METHODS
Participants
The sample included amateur and professional tackle football players whose brains were
donated to the Veteran’s Affairs-Boston University-Concussion Legacy Foundation (VA-BUCLF) Brain Bank. This study is part of the National Institutes of Health-funded U01 project,
entitled, “Understanding Neurologic Injury and Traumatic Encephalopathy (UNITE).” Study
details for UNITE have been reported elsewhere.34 For a majority of brain donations, next of kin
contacted the brain bank to donate near the time of death or following death. Other brain donors
were referred by medical examiners, recruited by the Concussion Legacy Foundation, or agreed
to donation during life through the Brain Donation Registry. Inclusion criteria are broad to
optimize generalizability and include a history of RHI exposure. Symptomatic status is not part
of eligibility criteria. Brain donors were excluded for poor brain and spinal cord specimen
quality. Next of kin provided written informed consent for participation and brain donation at
Boston University’s CTE Center. The institutional review board at Boston University Medical
Center approved brain donation procedures. Study data were collected and managed using
REDCap electronic data capture tools.35
This sample of brain donors included 211 tackle football players neuropathologically
diagnosed with CTE (i.e., CTE+), some of whom had comorbid neurodegenerative diseases, and
35 football players without CTE (i.e., CTE-). Of the 211 CTE+ participants, 126 were without
other neurodegenerative diseases (i.e., CTE only). In the remaining participants, comorbid
neurodegenerative disease neuropathological diagnoses included AD (n=27), Lewy body disease
(LBD; n=39), frontotemporal lobar degeneration (FTLD-tau=11, FTLD-TDP=8), motor neuron
disease (n=13), and/or prion disease (n=2). Nine of the 35 CTE- tackle football players had no
(non-terminal) neuropathological diagnostic changes. In the remaining participants,
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neuropathological diagnoses included AD (n=4), LBD (n=3), FTLD (FTLD-tau=3, FTLDTDP=1), moderate to severe vascular disease (based on arteriolosclerosis and/or atherosclerosis;
n=8), unspecified tauopathy not meeting criteria for CTE (n=7), and non-specific changes (e.g.,
heme-laden macrophages, axonal injury; n= 9).
Informant Retrospective Clinical Evaluation
Clinical data for the current study were obtained through a combination of online
questionnaires and retrospective telephone clinical interviews with informants of participants
(see Stern et al.3 and Mez et al.34). Behavioral neurologists and/or neuropsychologists with
expertise in neurodegenerative disorders conducted clinical interviews to obtain a detailed
medical and clinical history, including the presence, nature, and timeline of symptoms related to
cognitive and neuropsychiatric function, as well as other neurological and medical histories and
symptoms. Clinicians qualitatively summarized the clinical symptoms and course in a narrative
and presented it to a multidisciplinary diagnostic consensus team of clinicians in order to
adjudicate whether the participant met criteria for ante-mortem dementia.34
Telephone interviews with informants were also used to determine the absence or
presence and age of onset of cognitive and behavior/mood symptoms. Methods for symptom
assessment have been described elsewhere.34,36 The specific cognitive domains assessed included
attention, episodic memory, executive, language, and visuospatial functioning. For
behavioral/mood disturbances, symptoms associated with apathy, depression, mania, anxiety and
related disorders (e.g., obsessive compulsive disorder), and impulse control and aggression were
evaluated. The informant reported the age cognitive and behavioral/mood symptoms began. Age
of onset was used for the initial presenting symptom. Consistent with TES criteria6, behavioral
and mood symptoms were combined into a single behavioral/mood domain (i.e., earliest age of
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onset of behavioral or mood symptoms). The symptoms emphasized in this study are consistent
with the clinical features part of the provisional clinical research diagnostic criteria for CTE (i.e.,
TES).3,6 Informants were also administered the Functional Activities Questionnaire (FAQ) to
determine the presence of functional impairment and the age functional impairment began (if
present). The FAQ was not initially part of the UNITE protocol and thus 157 of the 246
participants had available FAQ data.
Demographics, educational attainment, athletic history (sports played, level, position,
AFE to football, and duration), military history, and traumatic brain injury (TBI) history were
evaluated through a combination of the above described telephone interview and online
questionnaires completed by the informants. Informants were asked to identify the age the
participant began to play organized tackle football. Professional position and duration of play
were verified through online databases (justsportsstats.com).
Researchers conducting the interviews were blind to neuropathological findings, and
informants were unaware of the neuropathological results. On average, 2.22 (SD=1.45) (N=243)
informants participated in the interview. 99 of the informant interviews were with multiple firstdegree family members (e.g., children, siblings, parents), 65 were with spouses/significant
others, 22 were with children, 30 included a combination of first degree and non-immediate
family members, 20 were with parents, 6 were with siblings, and 1 interview was with a friend of
the participant. The mean length of relationship between the informant (if multiple informants,
longest length of relationship reported was used) and participant was 43.98 (SD=16.60) years
(N=193). Clinician’s rated informant reliability using a 0 to 2 scale (0=not reliable, 1=somewhat
reliable, 2=very reliable). The sample had an average reliability rating of 1.6 (SD=0.53). (Rating

8

John Wiley & Sons
This article is protected by copyright. All rights reserved.

Annals of Neurology

of informant reliability was not initially conducted and was available for 151 participants of this
sample).
Pathological Diagnoses
Methodological procedures for pathological processing and evaluation have been
published elsewhere.37,38 Neuropathologists were blind to clinical data during examination of the
brain tissue. Non-CTE neurodegenerative diseases (i.e., AD, LBD, FTLD, motor neuron disease,
prion disease) were diagnosed using established neuropathological diagnostic criteria (refer to
Mez et al.5). AD and LBD were the most frequent comorbid neurodegenerative diseases and
therefore variables of AD neuropathology (i.e., Braak stage, CERAD neuritic plaque score,
Alzheimer’s Disease Neuropathologic Change [ADNC]) and Lewy body pathology (absence or
presence of brainstem, limbic, neocortical, amygdala, or olfactory Lewy bodies) served as
additional outcomes. The neuropathological diagnosis of CTE was made using neuropathological
criteria defined by an National Institutes of Neurological Disease and Stroke (NINDS)/National
Institute of Brain Imaging and Behavior (NIBIB) consensus panel.2 Neuropathological criteria
for CTE require at least one perivascular lesion of p-tau aggregates in neurons as neurofibrillary
tangles (NFTs), astrocytes, and cell processes around a small vessel, typically found at the sulcal
depths (“CTE lesion”). CTE pathological severity was graded using a provisional four stage
classification scheme that is based on the extent and severity of tau pathology3:
Stage I: 1 or 2 focal perivascular CTE lesions in cerebral cortex at the depths of the sulci.
Stage II: >3 CTE lesions in multiple cortical regions and superficial NFTs along the
sulcal wall and gyral crests.
Stage III: Multiple CTE lesions, widespread cortical NFTs, and NFTs in the medial
temporal lobes.
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Stage IV: Multiple CTE lesions, widespread cortical NFTs, NFTs in the medial temporal
lobes, widespread astrocytic p-tau pathology, neuronal loss, and gliosis.
This classification of CTE pathological severity has been supported through several
empirical studies examining the clinical and neuropathological correlates of CTE.1,3,7,8,39
Statistical Analyses
Analyses were first conducted in participants with CTE+ (n = 211) and CTE only (n =
126). To optimize equal group sizes across the CTE stages (stage I as least severe thru stage IV
as most severe), stages I and II were combined (n = 61), as were stages III and IV (n = 150). All
analyses examined AFE as a continuous variable and dichotomized into before age 12 and 12 or
older. Age 12 was examined based on research in living former NFL players.11,12 Participants
with AFE to tackle football after 12 were less likely to initiate play after the 1960s (Fig 1). Older
participants in the sample may have had less of an opportunity to play organized youth tackle
football because youth football did not become nationally promoted until approximately 1960
(http://www.popwarner.com/about_us/history.htm). As such, we used instrumental variable
modeling,40,41 with decade at age 12 as the instrument, to examine the effect of AFE to tackle
football on CTE pathological severity and age of cognitive and behavioral/mood symptom onset
(a separate model for each outcome was performed). Inclusion of decade at age 12 as the
instrument assumes that it is associated with the outcome only through its effect on AFE.
Because the age at which an individual began to start playing tackle football could determine the
decade of tackle football play, the decade at age 12 was used to avoid violation of the assumption
that AFE effects the instrumental variable. The instrumental variable model involves a two-stage
regression. The first stage estimated the effect of decade at age 12 on AFE. In the second stage,
predicted values from the association between decade at age 12 and AFE in the first stage were
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used to predict stage of CTE pathology and age of cognitive and behavioral/mood symptom
onset. Secondary instrumental variable models examined the relationship between AFE to tackle
football and variables of AD (Braak stage, CERAD [none/sparse versus moderate/frequent],
ADNC) and Lewy body pathology (absence or presence), as well as the effect of AFE to tackle
football on age of functional impairment onset in CTE participants who were determined by the
consensus panel to have had ante-mortem dementia.
An exploratory instrumental variable model (with decade at age 12 as the instrument and
duration of football play as a covariate) was conducted to examine the relationship between AFE
and age of cognitive and behavioral/mood symptom onset in the 35 CTE- tackle football players.
The objective of this analysis was to help clarify whether the effects of AFE to tackle football on
later-life clinical status is specific to CTE.
Duration of play served as a covariate in all analyses to account for differences in RHI
exposure and capture the unique variance of AFE to tackle football, which we hypothesize is not
a marker for duration of play. In addition to duration of play, age at death was included as a
covariate in analyses examining stage of CTE pathology (and the other neurodegenerative
pathology variables) as the outcome due its association with pathological severity.3Age at death,
however, was not included as a covariate in the age of symptom onset models as it is a collider
variable with casual pathways from AFE to tackle football and age of symptom onset to age at
death. Conditioning of a collider variable (statistical control or stratification) can lead to
erroneous estimates due to endogenous selection bias.42 Furthermore, there is a temporal discord
between age at death and age of symptom onset, i.e., age at death occurs after age of symptom
onset.
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RESULTS
AFE and CTE
Tables 1-2 present sample characteristics. Figure 1 shows the sample distribution of AFE
to tackle football and decade of tackle football play. Among the 211 participants with CTE+, 183
developed both cognitive and behavioral/mood symptoms prior to death, 8 had only cognitive
symptoms, 12 had only behavioral/mood symptoms, 7 did not endorse any symptoms examined
in this study, and clinical data were not available for 1 participant. Of the 210 participants with
clinical data, three had missing data for age of behavioral/mood symptom onset. Participants
with only cognitive or behavioral/mood symptoms were only included in their respective
analyses, and asymptomatic participants were not part of analyses examining age of symptom
onset. Following exclusion for missing data and consideration of symptomatic status, the final
sample size for analyses examining age of cognitive symptom onset was 191, and 192 for age of
behavioral/mood symptom onset. 125 of 209 CTE+ participants were determined by the
consensus panel to have had ante-mortem dementia (two participants had missing ante-mortem
dementia status data). Of the 125 CTE+ participants who were determined to have had antemortem dementia, data for age of functional impairment onset was available for 84 participants.
AFE and Neurodegenerative Disease Pathology. See Table 3 for a description of
neuropathology in the sample. The relationship between AFE (continuous or dichotomized based
on age 12) and CTE pathological severity was not statistically significant in the CTE+ or CTE
only participants (p’s>0.10). In the CTE+ participants, AFE to tackle football (continuous or
dichotomized based on age 12) was not associated with Braak stage, CERAD score, ADNC or
the presence of Lewy body pathology (p’s>0.05).
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CTE+ (N = 211). Table 4 shows the unadjusted effects of the predictor variables on age
of cognitive and behavioral/mood symptom onset. Figures 2-3 show the unadjusted association
between AFE and age of cognitive and behavioral/mood symptom onset. In the 211 tackle
football players with CTE, results from the instrumental variable model revealed that every one
year younger that participants began to play tackle football resulted in earlier onset of cognitive
symptoms by 2.44 years (p<0.0001, 95% CI=1.63, 3.25), and earlier onset for behavioral/mood
symptoms by 2.50 years (p<0.0001, 95% CI=1.59, 3.41). AFE before age 12 predicted earlier
cognitive (p<0.0001, 95% CI=8.58, 18.20) and behavioral/mood (p<0.0001, 95% CI=7.82,
18.74) symptom onset by 13.39 years and 13.28 years, respectively. See Table 5. Sensitivity
analyses showed that statistical significance remained when level of play was added as a
covariate (ps<0.01; the two semi-professional football players were excluded from these
analyses).
The mean (SD) age of functional impairment onset was 63.10 (12.13). Every one year
younger that participants began to play tackle football resulted in earlier onset of functional
impairment by 1.17 years (t=2.54, p=0.0131, 95% CI=0.25, 1.17). AFE before age 12 predicted
earlier functional impairment onset by 8.02 years (t=2.88, p=0.005, 95% CI=2.49, 8.02).
CTE only (n = 126). In the 126 tackle football players with CTE only, every one year
younger that participants began to play tackle football resulted in earlier onset of cognitive
symptoms by 2.93 years (p<0.0001, 95% CI=1.92, 3.94), and earlier onset for behavioral/mood
symptoms by 2.66 years (p<0.0001, 95% CI=1.57, 3.75). AFE before age 12 predicted earlier
cognitive (p<0.0001, 95% CI=10.11, 22.64) and behavioral/mood (p=0.0002, 95% CI=6.40,
19.92) symptom onset by 16.38 years and 13.16 years, respectively.
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Of the 56 CTE only participants who were determined to have had ante-mortem
dementia, data for age of functional impairment onset was available for 41 participants. The
mean (SD) age of functional impairment onset was 61.29 (12.89). Although there was no
statistically significant association between AFE and age of functional impairment onset, this
was a result of the reduced sample size. Effect sizes were similar in magnitude to those in the
larger CTE+ sample. Every one year younger that participants began to play tackle football
resulted in earlier onset of functional impairment by 1.02 years (t=1.36, p=0.182, 95% CI=-0.50,
1.03). AFE before age 12 predicted earlier functional impairment onset by 5.91 years (t=1.35,
p=0.1836, 95% CI=-2.92, 5.91).
Exploratory Analyses: AFE and CTE- (N = 35)
Among the 35 CTE- participants, 25 had both cognitive and behavioral/mood symptoms,
9 had behavioral/mood symptoms only, and 1 did not endorse symptoms examined in this study.
Four of the 35 participants had onset of behavioral/mood symptoms before they began to play
tackle football and these were excluded from the behavioral/mood analyses; three of these
participants had cognitive symptoms that started during or after they began to play tackle football
and were included in analyses examining age of cognitive symptom onset. Two participants had
missing data for age of behavioral/mood symptom onset, and 1 participant (who had cognitive
and behavioral/mood symptoms) had missing data for AFE to tackle football. The final sample
size for analyses examining age of cognitive symptom onset was 24, and 27 for age of
behavioral/mood onset. Only 12 CTE- participants had ante-mortem dementia and therefore
analyses examining the relationship between AFE and age of functional impairment onset in this
subgroup were not conducted.
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Although not all relationships were statistically significant due to the reduced sample
size, there were comparable effect sizes to the CTE+ and CTE only participants. Every one year
younger that participants began to play tackle football resulted in earlier onset of cognitive
symptoms by 1.27 years (p=0.57, 95% CI=-3.24, 5.78) and behavioral/mood symptoms by 2.49
years (p=0.11, 95% CI=-0.57, 5.55). AFE before age 12 predicted earlier cognitive (p=0.063,
95% CI=-1.15, 41.81) and behavioral/mood (p=0.0037, 95% CI=8.06, 36.78) symptom onset by
20.33 years and 22.42 years, respectively.
Ascertainment Bias Sensitivity Analyses
Ascertainment bias is an important limitation of this study, as individuals or their families
may be more likely to donate their brain if the participant experienced symptoms during life.
Haneuse et al.43 examined factors that influence brain donation selection in the Adult Changes in
Thought (ACT) study, a community-based sample of individuals age 65 and older. Factors that
predicted brain donation included dementia status, age, sex, race, education, marital status, and
depression. Haneuse et al. used inverse probability weighting (IPW) to statistically adjust for
these selection factors in the examination of the relationship between neuropathological
measures and risk of dementia and found that the magnitude of the associations strengthened.
Factors that influence brain donation in the present autopsy sample of deceased tackle football
players from the VA-BU-CLF brain bank are highly distinct from those associated with the older
adult sample from the ACT study. However, to explore the potential influence of ascertainment
bias in this sample, we repeated the instrumental variable model in the sample of CTE+
participants using IPW with the beta weights (extrapolated form Haneuse et al.) for ante-mortem
dementia status, age, race, and depression included in the instrumental variable model regression
equation. Due to missing data on the new variables, the sample size was reduced to 208. Sex and
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marital status were not included because the sample is all male and marital status data were not
collected. Education was not included due to restricted variability in this sample. Statistical
significance and the magnitude of the associations remained unchanged.
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DISCUSSION
In this convenience sample of 211 amateur and professional tackle football players with
neuropathologically-confirmed CTE from the UNITE study, there was not a statistically
significant association between younger AFE to tackle football and CTE pathological severity, or
AD and Lewy body pathology. However, younger AFE to tackle football predicted earlier
reported cognitive and behavioral/mood symptom onset. Every one year younger that
participants began to play football resulted in earlier reported onset of cognitive and
behavioral/mood symptoms by approximately 2.5 years. AFE to football before age 12
corresponded to earlier reported onset of cognitive symptoms by 13.39 years, and
behavioral/mood symptoms by 13.28 years. These findings were independent of level (i.e., high
school, college, professional) and duration of play. Secondary analyses in a subset of the sample
further showed younger AFE to tackle football was associated with earlier onset of functional
impairment in participants who were determined by a consensus panel to have had ante-mortem
dementia. Nearly identical effects were observed in participants with CTE only. Although many
of the relationships between AFE and age of symptom onset were no longer statistically
significant in the CTE- participants, this was due to the small sample size given effect sizes were
comparable to the CTE participants. These results suggest that the relationship between younger
AFE to tackle football and long-term neurobehavioral disturbances may not be specific to CTE.
AFE was not associated with CTE neuropathological severity, or AD and Lewy body
pathology. This is comparable to research in AD that shows certain factors (e.g., cognitive
reserve) influence clinical status, but are not necessarily related to the neuropathological
expression of disease.44,45 RHI intensity and duration and their interaction with variables like age
and genetics (e.g., APOE e4)3,7 may be more important determinants of pathology.3,39 In contrast,
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our findings that show a relationship between AFE and age of symptom onset are consistent with
previous research in living former amateur and professional tackle football players that linked
younger AFE to tackle football, before age 12 in particular, with worse cognitive, behavior, and
mood outcomes.11,14 The clinical presentation of CTE seems to involve early-life
behavioral/mood symptoms and/or later-life cognitive impairment. Nearly all reported cases of
CTE have exhibited cognitive dysfunction at some point during their life, and those that present
with cognitive impairment as an initial symptom tend to develop dementia.3 There is, however,
heterogeneity in the presence and severity of symptoms.8,36 The etiologies of the symptoms
(particularly in CTE- participants) reported in this sample are likely multifaceted, and could
include CTE, axonal injury, idiopathic mental illness, to name a few. Given the exploratory
analyses showed that AFE was associated with age of symptom onset in the participants without
CTE, the biological mechanism underlying this relationship seems unlikely to be specific to
CTE. Of note, nine participants without CTE had no neuropathological diagnostic changes, but
still manifested symptoms, potentially related to aging or functional or neurochemical brain
changes not captured by neuropathological examination.
The mechanisms for the relationship between AFE to tackle football and earlier symptom
onset are unclear. One hypothesis to be tested in the future is that youth exposure to tackle
football may reduce one’s ability to clinically compensate for a variety of RHI-related
neurological consequences, including CTE or other neuropathology. CTE is characterized by an
abnormal perivascular accumulation of p-tau as NFTs and astroglia at the depths of the cortical
sulci.2,3 P-tau NFTs accumulate throughout the cortex with disease progression, and extends to
involve the medial temporal lobe, diencephalon, and brainstem. Deceased tackle football players
can exhibit an array of non-p-tau pathologies related to RHI, including diffuse axonal injury,
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blood-brain barrier dysfunction, and neuroinflammation. CTE is often comorbid with other
neurodegenerative diseases (e.g., AD, LBD), which were present in the CTE+ participants and
participants without CTE. Regardless of the neuropathology present, compensatory mechanisms
can allow an individual to cope with pathology until a critical threshold is reached,45 a
phenomenon known as cognitive reserve. Although this awaits empirical test, RHI from tackle
football during critical neurodevelopmental time periods may reduce an individual’s resiliency to
late life neuropathology. Brain maturation is at its peak between the ages of 9-12 in males when
cortical thickness is at its maximum, particularly within the frontal and temporal lobes,21 as is the
subcortical volume of regions such as the hippocampus and amygdala that are undergoing
synaptic pruning.17,24 Helmet accelerometer research shows that youth football players can
experience a median of 252 head impacts per season that can exceed a force of 80g, but 50% of
impacts are between 10g to 20g.46 Exposure to these subconcussive head impacts during youth
tackle football has been shown to result in microstructural brain changes following a single
season of play.15 RHI, in general, is associated with macro- and microstructural, neurochemical,
and functional brain alterations.47 Future work, including experimental animal models, is needed
to study mechanisms that underpin the association between youth exposure to RHI and worse
clinical function later in life.
There are several important limitations to our findings. The present study included a
convenience sample of deceased tackle football players and did not include an appropriate
control and/or comparison group. The effect of younger AFE to tackle football and earlier
neurobehavioral symptom onset is specific to this sample of participants who are from the
UNITE study and may not generalize to the broader tackle football population. In this study,
informants of individuals who were symptomatic may have been more likely to donate their
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brain and the present sample may include the most severely affected individuals. Sensitivity
analyses that examined the influence of ascertainment bias using results from the ACT study are
limited because factors that influence brain donation for tackle football players are unique. In
particular, although participation in the UNITE study is for research purposes only and
independent of any ongoing class action lawsuits (e.g., those associated with the National
Collegiate Athletic Association or NFL), tackle football players may have increased motivation
to donate their brain to support their eligibility for compensation. Similarly, because the current
study was cross-sectional, associations with age can arise from differential survival or agerelated differences in how individuals were selected into the study.
An additional limitation is the use of informant interviews to determine AFE to tackle
football and age of symptom onset. With informant-report, there is the possibility of
misclassification. Informants of individuals who had severe and early onset symptoms may have
been more likely to attribute the participant’s symptoms to tackle football and report an earlier
AFE to tackle football and thus the observed associations may have been overestimated. The
overestimation of effects may have been further exacerbated by the actual or perceived potential
for impending compensation or litigation. However, if informants were similar in their ability to
accurately recall events of the past (i.e., non-differential with respect to AFE and age of
symptom onset), then the misclassification would be random and the observed associations
would be underestimated. The current study is unable to differentiate between informantreported descriptions of their loved one’s neurobehavioral symptoms from clinically-meaningful
impairments determined by evaluation of the decedent during life. Prospective population-based
studies of former tackle football players that include objective clinical assessments are needed to
address the current limitations associated with sample selection and informant-report and
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increase our understanding of the effect of AFE to tackle football on the clinical presentation of
CTE.
Instrumental variable modeling is an approach used to limit the influence of unmeasured
confounders to facilitate inferences in observational studies.40,41 Here, it was used to reduce
confound in the relationship between AFE to tackle football and CTE pathological severity and
age of symptom onset. We accounted for confound from decade of play by including decade at
age 12 as our instrument. Individuals who played tackle football before the 1960s had fewer
opportunities to participate in youth tackle football, thereby introducing a relationship between
decade of play and AFE. There may also be generational differences in the style that youth tackle
football was played (e.g., in terms of equipment, types of exposure, number of games, type of
fields played). The instrumental variable model makes several theoretical assumptions about the
relationships among variables, including that decade at age 12 only affects symptom onset
through AFE to tackle football and that there is not another variable that affects both decade at
age 12 and age of symptom onset. Although this is a homogeneous sample of mostly
professional tackle football players, potential differences in environmental and lifestyle factors
could have violated these assumptions.
In unadjusted analyses, there was not a statistically significant relationship between
duration of tackle football play and age of cognitive or behavioral/mood symptom onset (Table
4). This finding was unexpected, given more years of tackle football was associated with worse
CTE pathological severity in this sample. Although we examined duration of tackle football
play, decade of play, and position(s) and level(s) played, other exposure factors were not
included in this study (e.g., cumulative exposure to RHI, location of head trauma, severity of
head trauma, practice type). Our group is currently conducting studies using advanced RHI
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exposure modeling to better understand the relationship between AFE, cumulative RHI
exposure, and CTE symptoms and pathology.
CONCLUSIONS
AFE to tackle football was not associated with CTE neuropathological severity (or AD
and Lewy body pathology) in this convenience sample of 211 amateur and professional tackle
football players with neuropathologically-confirmed CTE from the UNITE study. However,
younger AFE to tackle football, before age 12 in particular, predicted earlier reported
neurobehavioral symptom onset by more than 13 years in participants with neuropathologicallyconfirmed CTE. Similar effects on neurobehavioral symptoms were observed in participants
without CTE, suggesting that the relationship between younger AFE to tackle football and longterm neurobehavioral disturbances may not be specific to CTE. Selection bias into the brain bank
may limit the generalizability of these findings to the broader tackle football population.
Informant-report of AFE and age of symptom onset may also have affected the accuracy of the
estimated effect of AFE to tackle football on age of symptom onset. Given the growing public
health concerns for participation in tackle football, prospective studies of former tackle football
players that include objective clinical assessments are needed to better understand the
relationship between youth tackle football exposure and long-term neurobehavioral outcomes.
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Figure 1 Legend. Sample Distribution of Age of First Exposure to Tackle Football and
Decade Participants Began to Play Tackle Football. CTE+ = the presence of chronic traumatic
encephalopathy and comorbid neurodegenerative disease. The Figure on the right presents the distribution
of AFE to tackle football by decade of play in the CTE+ participants. Decade of tackle football play refers
to when the subject began to play tackle football and ranges from the 1920s to the 2000s.
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Figure 2 Legend. Relationship between Age of First Exposure to Tackle Football and Age
of Cognitive Symptom Onset in 211 Tackle Football Players with CTE. Left Figure is a scatter
plot of the relationship between age of first exposure (AFE) to tackle football and age of cognitive
symptom onset. Bivariate correlations tested this relationship and it was statistically significant (r=0.38,
p<0.001). The right Figure presents a bar graph comparing the mean age of cognitive symptom onset in
participants who began playing tackle football before age 12 and those who began playing at 12 or older.
Independent samples t-tests showed this to be a significant difference (p<0.001). Error bars are 95%
confidence intervals.
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Figure 3 Legend. Relationship between Age of First Exposure to Tackle Football and Age
of Behavioral/Mood Symptom Onset in 211 Tackle Football Players with CTE. Left Figure is
a scatter plot of the relationship between age of first exposure (AFE) to tackle football and age of
behavioral/mood symptom onset. Bivariate correlation tested this relationship and it was statistically
significant (r=0.33, p<0.001). The right Figure presents a bar graph comparing the average age of
behavioral/mood symptom onset in participants who began playing tackle football before age 12 and
those who began playing at 12 or older. Independent samples t-tests showed this to be a significant
difference (p<0.001). Error bars are 95% confidence intervals.
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Table 1. Sample Characteristics of the Deceased Tackle Football Players
CTE+
No CTE
(N = 211)
(N = 35)
DEMOGRAPHIC/ATHLETIC
Age of death, mean (SD) years
62.91 (17.91)
42.17 (22.40)
Race, n (%) African American
41 (19.5)
4 (11.4)
Education Level, n (%)
Less than high school/some high school
2 (1.0)
4 (11.8)
High school/GED
4 (1.9)
7 (20.6)
Some college
47 (22.4)
11 (32.4)
College degree
106 (50.5)
5 (14.7)
More than college
10 (4.8)
0
Graduate degree
41 (19.5)
7 (20.6)
Years of football play, mean (SD)
15.07 (5.56)
8.07 (4.56)
Decade of football play, mean (SD)d
5.78 (1.68)
7.74 (2.19)
Age of first exposure to football, mean (SD)
11.84 (2.93)
11.26 (2.76)
Highest level played, n (%) yes
High school
7 (3.3)
18 (51.4)
College
64 (30.3)
8 (22.9)
Semi-professional
2 (0.9)
4 (11.4)
Professional
138 (65.4)
5 (14.3)
Football primary position, n (%)
Lineman (OL/DL)
72 (34.3)
10 (31.3)
Linebacker
23 (11.0)
3 (9.4)
Defensive back/safety
23 (11.0)
2 (6.3)
Running back
34 (16.2)
1 (3.1)
Quarterback
10 (4.8)
3 (9.4)
Special teams
15 (7.1)
4 (12.5)
Other/multiple
14 (6.7)
6 (18.8)
Wide receiver
4 (1.9)
0
Unknown
15 (7.1)
3 (9.4)
Other contact sport history, n (%) any
34 (16.1)
8 (22.9)
Military history, n (%) yes
53 (25.2)
8 (22.9)
MEDICAL/LIFESTYLE, n (%)
Heart attack
38 (21.2)
5 (16.7)
Hypertension
95 (53.4)
9 (30.0)
Elevated cholesterol
62 (35.2)
11 (36.7)
Diabetes
31 (17.2)
3 (10.0)
Stroke
23 (12.8)
4 (13.3)
Alcohol abuse
85 (40.7)
16 (45.7)
Illicit drug use
79 (37.6)
20 (57.1)
Steroid use
8 (5.8)
2 (10.0)
CLINICAL STATUS
Age of cognitive symptom onset, mean (SD)
53.28 (17.12)
43.08 (20.48)
Age of behavioral/mood symptom onset, mean (SD)
46.28 (19.36)
35.54 (18.22)
Tremor, n (%) yes
60 (28.7)
10 (28.6)
Falls, n (%) yes
73 (35.1)
9 (25.7)
Gait disturbance, n (%) yes
98 (46.9)
10 (28.6)
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AFE < 12
(n = 84)

AFE ≥ 12
(n = 127)

53.45 (16.91)
19 (22.9)

69.17 (15.72)
22 (17.3)

1 (1.2)
1 (1.2)
20 (23.8)
38 (45.2)
4 (4.8)
20 (23.8)
16.73 (5.60)
6.42 (1.70)
8.79 (1.67)

1 (0.8)
3 (2.4)
27 (21.4)
68 (54.0)
6 (4.8)
21 (16.7)
13.97 (5.27)
5.36 (1.54)
13.86 (1.45)

4 (4.8)
37 (44.0)
1 (1.2)
42 (50.0)

3 (2.4)
27 (21.3)
1 (0.8)
96 (75.6)

a

p-value

<0.001
0.32b
0.80c

<0.001
<0.001
<0.001
<0.001e

0.61f
27 (32.1)
14 (16.7)
12 (14.3)
9 (10.7)
4 (4.8)
4 (4.8)
5 (6.0)
2 (2.4)
7 (8.3)
14 (16.7)
12 (14.3)

45 (35.7)
9 (7.1)
11 (8.7)
25 (19.8)
6 (4.8)
11 (8.7)
9 (7.1)
2 (1.6)
8 (6.3)
20 (15.7)
41 (32.5)

0.86
0.003

11 (15.3)
30 (42.9)
23 (32.9)
8 (11.4)
3 (4.2)
36 (43.4)
39 (47.0)
2 (3.6)

27 (25.2)
65 (60.2)
39 (36.8)
23 (20.9)
20 (18.5)
49 (38.9)
40 (31.5)
6 (7.1)

0.11
0.024
0.59
0.10
0.005
0.52
0.023
0.39

45.65 (16.14)
38.97 (17.38)
20 (24.1)
20 (24.4)
32 (38.6)

58.11 (15.99)
50.96 (19.18)
40 (31.7)
53 (42.1)
66 (52.4)

<0.001
<0.001
0.23
0.009
0.050

a

Examined differences between AFE groups in the CTE participants. Independent sample t-tests examined between AFE group
differences for age of death, years of tackle football play, age of first exposure, decade of play, and age of cognitive and behavioral/mood
symptom onset. Chi-square analysis was used for the remaining variables, with the exception of stage of CTE for which logistic
regression was used to control for age of death. bCompared African American vs. other; ccompared college degree or greater vs. others;
d
0 = 1900s, 1 = 1910s, 2 = 1920s, 3 = 1930s, 4 = 1940s, 5 = 1950s, 6 = 1970s, 7 = 1980s, 9 = 1990s, and 10 = 2000s. No participant
played before 1920s; ecompared professional vs. others; fcompared lineman vs. others, excluding other/multiple or unknown. Missing
data: CTE—N = 210 for race, education level, position, military history, and illicit drug use; N = 179 for heart attack and stroke; N =
178 for hypertension; N = 176 for elevated cholesterol; N = 180 for diabetes; N = 209 for alcohol abuse, tremor, and gait disturbance; N
= 139 for steroid use; N = 208 for falls. No CTE—N = 34 for education level, years of football, decade of play, and age of first
exposure; N = 32 for position; N = 30 for heart attack, hypertension, elevated cholesterol, diabetes, and stroke; N = 20 for steroid use.
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Table 2. Demographic, Athletic, and Clinical Characteristics by CTE Severity (N = 211)
CTE
CTE
p-value*
Stage I/II
Stage III/IV
(n = 61)
(n = 150)
DEMOGRAPHIC/ATHLETIC
Age of death, mean (SD) years
49.13 (20.30) 68.51 (13.30)
<0.001
Race, n (%) African American
9 (15.0)
32 (21.3)
0.031a
Education Level, n (%)
0.42b
Less than high school/some high school
1 (1.7)
1 (0.7)
High school/GED
2 (3.3)
2 (1.3)
Some college
15 (25.0)
32 (21.3)
College degree
27 (45.0)
79 (52.7)
More than college
0
10 (6.7)
Graduate degree
15 (25.0)
26 (17.3)
Years of football play, mean (SD)
12.61 (4.48)
16.07 (5.65)
<0.001
Age of first exposure to football, mean (SD)
11.07 (3.23)
12.15 (2.74)
0.25
Decade of play, mean (SD)c
7.08 (1.90)
5.25 (1.25)
0.24
Highest Level played, n (%) yes:
0.005d
High school
7 (11.5)
0
College
27 (44.3)
37 (24.7)
Semi-professional
2 (3.3)
0
Professional
25 (41.0)
113 (75.3)
Football primary position, n (%):
0.73e
Lineman (OL/DL)
18 (30.0)
54 (36.0)
Linebacker
9 (15.0)
14 (9.3)
Defensive back/safety
5 (8.3)
18 (12.0)
Running back
7 (11.7)
27 (18.0)
Quarterback
4 (6.7)
6 (4.0)
Special teams
4 (6.7)
11 (7.3)
Other/multiple
6 (10.0)
8 (5.3)
Wide receiver
2 (3.3)
2 (1.3)
Unknown
5 (8.2)
10 (6.7)
Other contact sport history, n (%) any
16 (26.2)
18 (12.0)
0.038
Military history, n (%) yes
10 (16.4)
43 (28.9)
0.09
MEDICAL/LIFESTYLE, n (%)
Heart attack
6 (11.8)
32 (25.0)
0.47
Hypertension
22 (42.3)
73 (57.9)
0.83
Elevated cholesterol
15 (30.0)
47 (37.3)
0.99
Diabetes
5 (9.8)
26 (20.2)
0.45
Stroke
6 (11.8)
17 (13.3)
0.30
Alcohol abuse
27 (45.8)
58 (38.7)
0.67
Illicit drug use
26 (42.6)
53 (35.6)
0.16
Steroid use
2 (4.9)
6 (6.1)
0.45
CLINICAL STATUS
Age of cognitive symptom onset, mean (SD)
42.23 (18.23) 56.99 (15.07)
0.35
Age of behavioral/mood symptom onset, mean (SD)
34.17 (16.08) 50.77 (18.57)
0.12
Tremor, n (%) yes
13 (21.3)
47 (31.8)
0.997
Falls, n (%) yes
13 (21.3)
60 (40.8)
0.86
Gait disturbance, n (%) yes
18 (29.5)
80 (54.1)
0.37
*Logistic regression was used to examine the relationship between the predictor variables and stage of CTE, controlling for age
of death (logistic regression for age of death was unadjusted). acompared African American vs. others; bcompared college degree
or greater vs. others; cScale included: 0 = 1900s, 1 = 1910s, 2 = 1920s, 3 = 1930s, 4 = 1940s, 5 = 1950s, 6 = 1970s, 7 = 1980s, 9
= 1990s, and 10 = 2000s. No participant played before 1920s; dcompared professional vs. others; ecompared lineman vs. others,
excluding unknown and other/multiple. Missing data: CTE Stage I/II—N = 60 for race, education level, and position; N = 51 for
heart attack, diabetes, and stroke; N = 52 for hypertension; N = 50 for elevated cholesterol; N = 59 for alcohol abuse; N = 41 for
steroid use. CTE Stage III/IV—N = 149 for military history; N = 128 for heart attack; N = 126 for hypertension and elevated
cholesterol; N = 129 for diabetes; N = 128 for stroke; N = 149 for illicit drug use; N = 98 for steroid use; N = 148 for tremor and
gait disturbance; N = 147 for falls
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Table 3. Neuropathology Characteristics
CTE+*

AFE < 12
(n = 84)

AFE ≥ 12
(n = 127)

Stage of CTE pathology, n (%)
Stage I/II
61 (28.9)
31 (36.9)
30 (23.6)
Stage III/IV
150 (71.1)
53 (63.1)
97 (76.4)
Braak stage, n (%)
Stage 0
45 (22.1)
28 (34.6)
17 (13.8)
Stage I
7 (3.4)
3 (3.7)
4 (3.3)
Stage II
23 (11.3)
9 (11.1)
14 (11.4)
Stage III
95 (46.6)
30 (37.0)
65 (52.8)
Stage IV
4 (2.0)
1 (1.2)
3 (2.4)
Stage V
13 (6.4)
0
13 (10.6)
Stage VI
17 (8.3)
10 (12.3)
7 (5.7)
CERAD, n (%)
No neuritic plaques
128 (61.5)
60 (72.3)
68 (54.4)
Sparse neuritic plaques
52 (25.0)
13 (15.7)
39 (31.2)
Moderate neuritic plaques
16 (7.7)
5 (6.0)
11 (8.8)
Frequent neuritic plaques
12 (5.8)
5 (6.0)
7 (5.6)
ADNC, n (%)
Not AD
118 (56.5)
59 (71.1)
59 (46.8)
Low ADNC
26 (12.4)
7 (8.4)
19 (15.1)
Intermediate ADNC
42 (20.1)
10 (12.0)
32 (25.4)
High ADNC
23 (11.0)
7 (8.4)
16 (12.7)
Lewy body, n (%) present*
48 (23.1)
17 (20.5)
31 (24.8)
Instrumental variable model showed that AFE to tackle football (continuous and dichotomized into before age 12 and 12 or
older) was not associated with stage of CTE pathology, Braak stage, CERAD (none/sparse versus moderate/severe), ADNC, or
presence of Lewy body pathology (ps>0.05). Duration of play and age at death were included as a covariates and decade at age
12 served as the instrument variable. Lewy body pathology was determined by absence or presence of brainstem, limbic,
neocortical, amygdala, or olfactory Lewy bodies. Abbreviations: CERAD = Consortium to Establish a Registry for Alzheimer’s
Disease neuritic plaque score; ADNC = Alzheimer’s Disease Neuropathologic Change. Due to missing data sample sizes include:
Braak stage=204, CERAD=208, ADNC=209; Lewy body=208.
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Table 4. Effects of Decade of Play, Decade at Age 12, and Years of Tackle Football Play on Age of Symptom Onset in 211
Tackle Football Players with CTE
Predictors
Age of
Age of
Cognitive Symptom Onset
Behavioral/Mood Symptom Onset
Unstandardized
95% CI
t-test
Unstandardized
95% CI
t-test
beta (S.E.)
statistic
beta (S.E.)
statistic
(p-value)
(p-value)
Decade of Tackle
-8.59 (0.45)
-9.47,
-19.31
-7.80 (0.66)
-9.09,
-11.92
Football Play (per
-7.71
(<0.001)
-6.51
(<0.001)
increase in decade)
Decade at Age 12
-8.15 (0.40)
-8.94,
-20.20
-7.36 (0.59)
-8.53,
-12.39
(per increase in
-7.35
(<0.001)
-6.19
(<0.001)
decade)
Years of Tackle
0.08 (0.23)
-0.37,
0.33
0.28 (0.25)
-0.22,
1.11
Football Play
0.52
(0.74)
0.78
(0.27)
Linear regression was used to examine the unadjusted associations between the predictor variables and age of cognitive and
behavioral/mood symptom onset. CI = confidence intervals
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Table 5. Instrumental Variable Modeling Examining AFE to Tackle Football and Age of Symptom Onset in Tackle
Football Players with and without CTE
Cognitive Symptom Onset
Unstandardized beta
t-test statistic
95% CI
(S.E.)
(p-value)
CTE+
Per year increase in AFE

2.44 (0.41)

6.02 (<0.0001)

1.63, 3.25

AFE<12

13.39 (2.44)

5.49 (<0.0001)

8.58, 18.20

Unstandardized beta
(S.E.)
2.93 (0.51)

t-test statistic
(p-value)
5.70 (<0.0001)

95% CI
1.92, 3.94

AFE<12
CTEPer year increase in AFE

16.38 (3.16)

5.19 (<0.0001)

10.11, 22.64

1.27 (2.17)

0.58 (0.57)

-3.24, 5.78

AFE<12

20.33 (10.33)

CTE Only
Per year increase in AFE

CTE+
Per year increase in AFE
AFE<12
CTE Only
Per year increase in AFE
AFE<12
CTEPer year increase in AFE

1.97 (0.063)
-1.15, 41.81
Behavioral/Mood Symptom Onset
Unstandardized beta
t-test statistic
95% CI
(S.E.)
(p-value)
2.50 (0.46)
13.28 (2.77)

5.44 (<0.0001)
4.79 (<0.0001)

1.59, 3.41
7.82, 18.74

Unstandardized beta
(S.E.)
2.66 (0.55)

t-test statistic
(p-value)
4.87 (<0.0001)

95% CI
1.57, 3.75

13.16 (3.41)

3.86 (0.0002)

6.40, 19.92

2.49 (1.48)

1.68 (0.11)

-0.57, 5.55

AFE<12
22.42 (6.94)
3.23 (0.0037)
8.06, 36.78
AFE = Age of first exposure. Duration of play was included as a covariate and decade at age 12 served as the instrument variable,
where the instrument assumes that it is associated with age of cognitive and behavioral mood symptom onset only through its
effect on AFE. The instrumental variable model is a two-stage regression. The first stage estimated the effect of decade at age 12
on AFE. In the second stage, predicted values from the association between decade at age 12 and AFE in the first stage were used
to predict age of cognitive and behavioral/mood symptom onset. Example of parameter estimate interpretation: For CTE+
participants, every one year younger participants started to play tackle football predicted earlier symptom onset by 2.44 and 2.50
years for cognitive and behavioral/mood symptom onset, respectively. AFE before age 12 was associated with onset of cognitive
symptoms by 13.39 years earlier, and behavioral/mood symptoms by 13.28 years earlier.
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Figure 1 Legend. Sample Distribution of Age of First Exposure to Tackle Football and Decade Participants
Began to Play Tackle Football. CTE+ = the presence of chronic traumatic encephalopathy and comorbid
neurodegenerative disease. The Figure on the right presents the distribution of AFE to tackle football by
decade of play in the CTE+ participants. Decade of tackle football play refers to when the subject began to
play tackle football and ranges from the 1920s to the 2000s.
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Figure 2 Legend. Relationship between Age of First Exposure to Tackle Football and Age of Cognitive
Symptom Onset in 211 Tackle Football Players with CTE. Left Figure is a scatter plot of the relationship
between age of first exposure (AFE) to tackle football and age of cognitive symptom onset. Bivariate
correlations tested this relationship and it was statistically significant (r=0.38, p<0.001). The right Figure
presents a bar graph comparing the mean age of cognitive symptom onset in participants who began
playing tackle football before age 12 and those who began playing at 12 or older. Independent samples ttests showed this to be a significant difference (p<0.001). Error bars are 95% confidence intervals.
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Figure 3 Legend. Relationship between Age of First Exposure to Tackle Football and Age of Behavioral/Mood
Symptom Onset in 211 Tackle Football Players with CTE. Left Figure is a scatter plot of the relationship
between age of first exposure (AFE) to tackle football and age of behavioral/mood symptom onset. Bivariate
correlation tested this relationship and it was statistically significant (r=0.33, p<0.001). The right Figure
presents a bar graph comparing the average age of behavioral/mood symptom onset in participants who
began playing tackle football before age 12 and those who began playing at 12 or older. Independent
samples t-tests showed this to be a significant difference (p<0.001). Error bars are 95% confidence
intervals.
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