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ABSTRACT 

Much of the literature surrounding traumatic brain injuries is focused on concussions and 

only examines collegiate or professional athletes, despite majority of athletes being youth 

or high school players. In addition, most of the head impacts in contact sports are non-

concussive. This study sought to examine the effects of repetitive non-concussive head 

impacts on the anxiety and depression of youth athletes after only a single season of play. 

Sixty-five football players and 17 control athletes completed the Revised Children’s 

Anxiety and Depression Self-Report scale and underwent fMRI imaging at the beginning 

and end of the season. Head impacts were measured at all practices and games using a 

Head Impact Telemetry system. The change in interhemispheric connectivity of 20 

regions of interests associated with anxiety and depression was examined. Overall, there 

were no differences in the change in anxiety and depression between the football and 

control athletes. Neither the change in anxiety and depression nor the amount and 

severity of non-concussive head impacts significantly predicted changes in 

interhemispheric connectivity. This is a positive first step to show that football did not 

produce increases in depression or alterations in brain connectivity. The study should be 

expanded before definitive conclusions can be reached.



1 
 

INTRODUCTION 

             A traumatic brain injury (TBI) is defined as an impact or injury to the head that 

has one of more of the following symptoms: decreased consciousness, amnesia, 

neurological deficits, neuropsychological abnormalities, or a diagnosed intracranial 

lesion1. In 2013, there were almost 3 million TBI-related emergency department visits, 

hospitalizations, and deaths in the United States alone2. The highest rates of TBI are in 

populations over 75, between zero and four, and between 15 and 242. Males tend to suffer 

from TBI at a higher incidence rate than females2. The most common causes of TBI are 

falls, being hit in the head or hitting the head against an object, and automobile 

accidents2.  

         A concussion, or mild TBI, is the most common form of TBI. Symptoms are like 

that of a TBI but are transient1. The International Conference on Concussion in Sport 

(ICCS) defined a concussion as a pathophysiological process caused by biomechanical 

forces that alters the brain; the definition focuses on the functional disturbance and not 

necessarily a structural change in the brain3. Concussive symptoms fall into four 

symptoms categories: physical, cognitive, emotional, and sleep-related; the most common 

symptoms are headaches, dizziness, feeling “foggy,” and fatigue3. A concussion can 

further be broken down using the Glasgow Coma Scale into categories of mild, moderate, 

or severe3. Most symptoms disappear within seven to ten days3. While symptoms tend to 

resolve, functional magnetic resonance imaging (fMRI) and electroencephalography 

(EEG) have shown concussions cause alterations to the default mode network, episodic 

memory networks, and working memory networks3.  
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            The pathophysiology of TBI is typically caused by a shearing injury to the axon of 

a neuron4. This leads to swelling of the white matter, transport problems, and 

inflammation4. This damage to white matter inhibits the ability of network connectivity 

and leads to functional problems. There are cerebral problems that manifest as well. 

There can be an increase of lactic acid, increased membrane permeability, and formation 

of oedemas5. In addition, these injuries lead to an excessive release of excitatory 

neurotransmitters, such as glutamate5. Overexcitation leads to wide-spread 

depolarization. All these processes can lead to neuronal cell death4,5.     

 Linear and rotational head accelerations are the primary risk factors for concussions3. 

Linear acceleration has been connected to intracranial pressure and focal injuries6. 

Rotational acceleration is associated with strain response of the brain and tends to 

produce a more diffuse brain injury7.  Linear and rotational acceleration are used to create 

a risk weighted cumulative exposure, or RWE value. RWE gives the cumulative risk of 

developing a concussion and takes into the account the frequency and brutality of 

impacts6. One study examined the relationship between high school football players’ 

changes in neuroimaging and cognitive data and the players’ risk weighted exposure. 

This study found that some hits measured with concussive limits of rotational and linear 

acceleration did not produce a concussion while other, less severe hits did produce a 

concussion8. This adds to the complication of diagnosing and predicting concussions. 

There could be individual factors at play such as previous head impacts, awareness for 

the impact, or simply individual player differences in concussion susceptibility. 

 These sports-related TBIs are not uncommon. Of the reported closed head injuries, 

approximately 26 percent are from athletics9. Ages 5 to 14 are most likely to suffer from 
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a sports-related concussion9 Almost 300,000 sport-related TBIs result in loss of 

consciousness each year, but most occur without loss of consciousness9. The reported 

sports-related concussion incidence is probably lower than the actual sports-related 

concussion incidence due to the common problem of athletes underreporting concussions. 

In high school and collegiate football, the incidence rate for concussions is between 4 and 

5 percent9. When athletes were given the opportunity to anonymously report concussive 

symptoms, the incidence rate increased to between 14 and 45 percent9. The National 

Football league also reports a high concussion incidence of almost one concussion every 

other game9. 

 Concussions and other forms of TBI have led to a variety of disabilities. In a study 

examining children and adolescents who suffered from a TBI, approximately 14 percent 

needed extra academic services at school one year after the injury whereas only 

approximately eight percent of control patients acquired additional services at school10. 

The greatest TBI population needing additional services was the population with mild 

TBI, as opposed to the moderate or severe TBI groups10. This is because moderate and 

severe TBIs are less common.  

          Another study showed that school-aged children who suffered from a TBI 

exemplified poorer social behavior and more social anxiety than children who suffered an 

orthopedic injury11. There was also a positive relationship between the severity of the 

TBI and the negative effect on social functioning11.  A similar study also found subjects 

with TBI had a decreased ability to interact in social settings12. Social functioning is 

extremely important, especially in school settings. 
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Approximately six percent of those suffering from a concussion also report 

symptoms of depression alongside the common cognitive deficits associated with TBI12. 

A study examined collegiate and high school athletes after a diagnosed concussion and 

found that athletes showed more depressive symptoms and more neurocognitive deficits 

up to 14 days post-concussion12. The study did not examine levels of depression or 

cognition after 14 days post-concussion and none of the depressive levels were clinically 

significant. The fact a single concussion could cause immediate changes in depression is 

still an important finding nonetheless. 

When patients were monitored after TBI, one-third of subjects with a TBI during 

the first year after injury suffered from major depressive disorder13. Over three-fourths of 

these patients also displayed anxiety and aggressive behavior13. This was much more than 

the control subjects who experienced traumatic injuries but not brain injuries. The TBI 

patients had reduced grey matter volume in the prefrontal cortex13. Additional potential 

biomarkers for comorbid depression and chronic TBI are increased activity in the 

amygdala and dorsomedial prefrontal cortex14. TBI patients were also compared to 

patients with lesions in the frontal cortex, a key brain area known to be involved in 

depression15. The emotional deficits found in patients with TBI were like the emotional 

deficits of the subjects with brain lesions in the frontal cortex.  

A cross-sectional study examined collegiate football players with and without a 

history of concussion and revealed all football players, regardless of concussion history, 

to have a smaller hippocampal volume than the control group16. In fact, the left 

hippocampal volume had an inverse relationship to the number of years that the athlete 

had competed in football16. Another study investigated potential neurobiological markers 
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for TBI-induced anxiety by examining the effect of mild TBI on the dysfunction in the 

limbic system of rats. It was found there was an increase in anxiety-like behaviors as well 

as cell loss in the dorsal hippocampus and amygdala17. The hippocampal damage could 

be responsible for the memory deficits occurring with TBI but also the emotional 

problems that arise. 

Literature surrounding sports-related TBI and depression is limited; however, 

there is a lot of literature concerning depression and anxiety not caused by TBI. Scientists 

have worked to map common brain activation patterns of depression and depression that 

is comorbid with anxiety. An fMRI study using the emotional word Stroop task found 

that subjects displayed increased activity in the right dorsolateral pre-frontal cortex and 

amygdala when anxious arousal was high and apprehension low18. It is believed that 

adolescents with depression have dysfunction in their reward pathway. The dopamine 

system is disrupted and causes low striatal activity levels with high activity levels in the 

medial pre-frontal cortex19. Generalized Social Anxiety Disorder is associated with 

increased activity in the limbic system and pre-frontal cortex in response to both 

threatening and non-threatening stimuli20. 

The scientific literature about anxiety and depression is beginning to investigate 

the cerebellum as a region of interest. Specifically, people with major depressive disorder 

and anxiety disorders both showed diminished cerebellar and vermis volume but 

increased activity in both21. These findings were specific to anxiety and depression. Other 

mental health disorders, like schizophrenia, affected the cerebellum differently21. 

Furthermore, each depressive symptom had an association to a distinct portion of the 

cerebellum21. There are neuropsychiatric reports of cerebellar lesions leading to problems 
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with intelligence, dysphoria, and an inability to control emotions or display appropriate 

emotions22. The reasons for these outcomes after cerebellar lesions are not abundantly 

clear. The cerebellar-limbic connections have been investigated in the role of unipolar 

and bipolar depression. There are copious amounts of serotonergic and noradrenergic 

inputs to the cerebellum, leading researchers to believe it is partly responsible for the 

negative affect in depression23.  Decreased cerebellar blood flow and decreased 

connectivity between the cerebellar and other regions in the brain was reported compared 

to healthy controls23. The cerebellum also displayed less overall size and less grey matter 

than in control patients; this was more profound in the left cerebellar regions as opposed 

to the right23. These symptoms continued even after behavioral symptoms of depression 

were relieved through medical intervention23. It is important to note that subjects showed 

changes in cerebellum activity and blood flow with or without measurable behavioral and 

emotional changes. 

The scientific literature strongly suggests that the frontal cortex, amygdala, 

hippocampus and cerebellum are all implicated in anxiety and depression. The literature 

has examined the effects of traumatic brain injury in these regions and the resulting 

changes in anxiety and depression. The literature is lacking in research on non-

concussive head impacts, and especially lacking in research on non-concussive head 

impacts in youth athletes. The purpose of this study is to determine if youth football 

players will show a higher increase in anxiety and depression compared to control 

athletes after the season, and if brain regions known to be altered in depression and 

anxiety are affected by repeated exposure to non-concussive head impacts. We predict 

the football players will demonstrate more depression and anxiety symptoms than the 
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control athletes after the season, and the football players will show an altered inter-

hemispheric connectivity based on their RWE and change in anxiety and depression. 
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METHODS 

Participants: The research procedures in this study were all approved by the 

Wake Forest School of Medicine Institutional Review Board committee. The study was 

Health Insurance Portability and Accountability Act-compliant, with written informed 

parental consent and with written participant assent. Participants were recruited from 

local youth football teams via phone, email, or in-person meetings. We included 65 

football players (all male) who participated in both games and practices and used the 

Head Impact Telemetry (HIT) System during these times. The players ranged in age from 

9.06 years old to 13.57 years old (average = 10.69 ± 1.34). Only the first season was 

analyzed if a player participated in multiple seasons. A certified trainer was present 

during all games and practices and evaluated players for concussions. Athletes believed 

by the trainer to have a concussion were then evaluated by a sports-medicine physician 

who specialized in concussions. Participants were excluded if they were diagnosed with a 

concussion over the course of the season. Seventeen control participants were matched 

for age, gender, and race of the football participants. They ranged in age from 8.35 years 

old to 12.28 years old (average = 11.17 ± 1.13). They participated in youth athletics, such 

as tennis and swimming, because these sports have minimal risk of head impact 

exposure.  

HIT System Data Collection All participants used football helmets (Riddell 

Revolution Speed, Rosemont, III) that contained six MxEncoders that fit into the padding 

of the helmet. All games and practices were recorded and reviewed to evaluate the 

accuracy of the impact sensing technology and to assure the measured impact was in fact 

from a collision and not a dropped helmet. The HIT system is well established, and the 
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data was processed in agreement with previous methods4,25. The biomechanical data from 

the HIT system was used to create a risk-weighted cumulative exposure (RWE) for each 

participant. RWE represents the cumulative exposure to sub-concussive head impacts 

over the course of a season by looking at rotational (𝑅𝑊𝐸𝑟𝑜𝑡) and linear acceleration 

(𝑅𝑊𝐸𝑙𝑖𝑛) as well as the combined probability (𝑅𝑊𝐸𝑐𝑝). The algorithm and validation of 

RWE has been previously proved6,25. This study used the 𝑅𝑊𝐸𝑐𝑝 for all analyses.  

Revised Children’s Anxiety and Depression Scale Depression and Anxiety was 

measured via the Revised Children’s Anxiety and Depression Self-Report scale 

(RCADS). This scale has been previously evaluated as a valid measure of childhood 

anxiety and depression26. RCADS can further be broken down into generalized anxiety, 

depression, social anxiety, separation anxiety, panic, and OCD. Each statement is 

answered with never, rarely, sometimes, or always. These correspond to values one, two, 

three, and four, respectively. All scores are summed together. A higher score indicates 

higher anxiety and depression. Both children and their parent or guardian answered the 

survey. The parent version has similar questions as the child self-report but altered to ask 

about the parent’s perception of their child’s behavior. The change in anxiety and 

depression was calculated by taking the pre-season summed score subtracted from the 

post-season summed score. A negative result equates to a decreased overall anxiety and 

depression, and a positive result equates to an increased overall anxiety and depression.  

Magnetic Resonance Imaging (MRI): Magnetic Resonance Imaging (MRI) data 

were acquired both before the season began and after the season ended. The 

neuroimaging was in accordance to the National Institute of Neurological Disorders and 

Stroke Common Data Elements advanced protocol recommendations. The images were 
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acquired on a 3-T MR imager (Skyra: Siemens Healthcare, Erlangen, Germany) by using 

a high resolution 32-channel head and neck coil (Siemens Healthcare). T1-weighted 

images were also used for anatomic correlation by using a three-dimensional volumetric 

magnetization-prepared rapid gradient-echo sequence with isotropic resolution of 

0.9𝑚𝑚3 (repetition time msec/echo time msec, 190/2.93; inversion time, 900msec, flip 

angle,9𝑜, 176 sections). Image pre-processing included file conversion to NIFTI format, 

brain segmentation, head motion correction and artifact removal.  Images were then co-

registered with the structural T-1 weighted images. We determined functional 

connectivity by looking at the low frequency waveforms produced from the Blood 

Oxygen Level Dependent (BOLD) fMRI. The correlation of waveforms between the two 

hemispheres of each region of interest were taken, giving values ranging from one to 

negative one. Waveforms that were synced perfectly would give a correlation of one 

whereas opposite waveforms would give a correlation of negative one. This correlation 

gave the functional connectivity between right and left regions for each of the 20 regions 

of interests.  

Automated Anatomical Labeling: The Automated Anatomical Labeling (AAL) 

Atlas was used to divide the brain into 116 regions of interest27. From these regions, we 

analyzed the frontal lobe regions, parahippocampus and hippocampus, amygdala, and 

cerebellar regions (table 1). The frontal region was subdivided into eight regions. The 

cerebellum was subdivided into 9 regions.  
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 Region of Interest 
AAL Atlas 
Abbreviation 

1 Precentral Precentral 

2 Superior Frontal Frontal_Sup 

3 Superior Frontal Orbital Frontal_Sup_Orb 

4 Middle Frontal Frontal_Mid 

5 Middle Frontal Orbital Frontal_Mid_Orb 

6 Inferior Frontal Opercula Frontal_Inf_Oper 

7 Inferior Frontal Triangular Frontal_Inf_Tri 

8 Inferior Frontal Orbital Frontal_Inf_Orb 

9 Parahippocampus Parahippocampus 

10 Hippocampus Hippocampus 

11 Amygdala Amygdala 

12 Crus 1 Cerebellum Cerebellum_Crus1 

13 Crus 2 Cerebellum Cerebellum_Crus2 

14 Cerebellum 3 Cerebellum_3 

15 Cerebellum 4 and 5 Cerebellum_4_5 

16 Cerebellum 6 Cerebellum_6 

17 Cerebellum 7 Cerebellum_7b 

18 Cerebellum 8 Cerebellum_8 

19 Cerebellum 9 Cerebellum_9 

20 Cerebellum 10 Cerebellum_10 
Table 1: This list the 20 regions of interest used in analyses as well as their automated anatomical labeling (AAL) 
descriptor. 

Statistical Analysis: F-tests for variance were conducted for each set of data to 

determine if the football group and control group varied equally or unequally. Based on 

those results, one-sample t-tests assuming equal or unequal variances were conducted 

between the football and control participants for time between sessions, age at the 

beginning of the season, the overall change in child RCADS, the overall change in parent 

RCADS, the individual components of child RCADS, the individual components of the 

parent RCADS, baseline RCADS scores, and the baseline interhemispheric connectivity.  

The Pearson correlation between parent RCADS and child RCADS was found 

and tested for significance for both the football and control groups. 



12 
 

Multiple regression models were conducted to test if RWEcp and the change in 

child RCADS significantly predicted the change in inter-hemispheric connectivity when 

accounting for age and time between sessions.  

Multiple regression models were also created to see how RWEcp predicted the 

change in RCADS score when accounting for age and time between sessions and how 

simply being a football player predicted the change in RCADS score when accounting for 

age and time between sessions.  

A Bonferroni multiple comparisons correction was used to determine alpha for 

each test. 
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RESULTS 

Between Group Analyses: The football players did show a statistically significant longer 

gap between scans than the control group (figure 1). There were no statistically significant 

differences between the football and control groups for age at the beginning of the season 

(figure 2) or for the changes in child RCADS (figure 3) or parent RCADS (figure 4). It is 

interesting to note that both the football and control participants reported a decrease in 

anxiety and depression after only one season of play. 

 The football players’ baseline RCADS score was not significantly different than the 

controls’ baseline RCADS score (figure 4).    

  The football players’ baseline functional connectivity to the left and right hemispheres 

for each of the 20 regions of interest were not statistically different than the baseline 

functional connectivity of the 20 regions of interest of the control athletes (table 2). 

However, it is important to note that the cerebellum 8 region did show significantly 

increased functional connectivity in the football players compared to the control athletes 

prior to correcting for multiple comparisons.  

 Correlations: Both groups showed positive correlations between the parents’ and 

children’s responses; however, only the football group was significantly correlated (table 

3).  

 Multiple Regression Analyses for Interhemispheric Connectivity: A multiple 

regression was calculated to predict the change in interhemispheric connectivity by 

measuring the effect of pre-season interhemispheric connectivity on post-season 

interhemispheric connectivity, when controlling for age, time between sessions, change 
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in child RCADS, and RWEcp. The interhemispheric functional connectivity of the pre-

central region, the prefrontal region, the superior frontal region, the middle frontal orbital 

region, inferior frontal opercula region, crus 2 cerebellum, cerebellum 4 and 5, 

cerebellum 7b, cerebellum 8, cerebellum 9, and cerebellum 10 all revealed the pre-season 

interhemispheric connectivity to be the only significant predictor of post-season 

connectivity, p < 0.0025 (tables 4 & 5). Other covariates approached significance or were 

significant prior to the Bonferroni correction. 

        Multiple Regression Analysis for RCADS Data: The pre-season RCADS score 

was the only significant predictor of the post-season RCADS score, when accounting for 

RWEcp, age, and time between scans.(table 6). Another multiple regression model was 

created that combined all football and control RCADS data. Age and time between scans 

were still covariates as well as a binary indictor for if the athlete competed in football or 

the control sport. Again, only the pre-season RCADS score was a significant predictor of 

the post-season RCADS score (table 7).  
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Figure 1:The time between sessions for the football players (M=137.49, SD = 23.86) was a statistically significantly longer 
amount of time than the time between sessions for the control athletes (M=120.06, SD =22.11), t(80)=2.72, p=0.008. 

 

Figure 2: The age of the football players (M = 11.17, SD = 1.27) was not statistically different than the age of the control 
athletes (M = 10.69, SD = 1.81), t (80) = -1.49, p = .0.14. 
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Figure 3: T-tests assuming equal variance were conducted for each cluster. There were no statistically significant 
differences between the football athletes and control participants for change in overall RCADS or any of those individual 
components, p > 0.05. 

 

Figure 4: T-tests assuming equal variance for each cluster. There was no statistically significant difference between the 
football athletes and control players for the change in overall RCADS and individual components, p > 0.05. 
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Figure 5: There was no statistically significant difference between the football players' baseline RCADS score and the 
control athletes' RCADS score, p > 0.05. 

Region of Interest 
(ROI) 

Football Average 
(Standard Deviation) 

Control Average 
(Standard Deviation) P-Value 

Precentral 0.62 (0.19) 0.57 (0.17) 0.31 

Frontal_Sup 0.60 (0.21) 0.53 (0.19) 0.2 

Frontal_Sup_Orb 0.52 (0.23) 0.45 (0.30) 0.3 

Frontal_Mid 0.58 (0.19) 0.49 (0.27) 0.2 

Frontal_Mid_Orb 0.65 (0.21) 0.54 (0.39) 0.27 

Frontal_Inf_Oper 0.49 (0.20) 0.46 (0.18) 0.5 

Frontal_Inf_Tri 0.52 (0.18) 0.45 (0.25) 0.27 

Frontal_Inf_Orb 0.63 (0.16) 0.62 (0.20) 0.77 

Parahippocampus 0.62 (0.24) 0.60 (0.25) 0.72 

Hippocampus 0.64 (0.21) 0.65 (0.18) 0.79 

Amygdala 0.59 (0.18) 0.55 (0.16) 0.43 

Cerebellum_Crus1 0.64 (0.18) 0.64 (0.15) 0.88 

Cerebellum_Crus2 0.64 (0.17) 0.63 (0.16) 0.84 

Cerebellum_3 0.55 (0.24) 0.49 (0.23) 0.3 

Cerebellum_4_5 0.74 (0.15) 0.73 0.12) 0.83 

Cerebellum_6 0.74 (0.14) 0.77 (0.11) 0.49 

Cerebellum_7b 0.59 (0.20) 0.51 (0.19) 0.12 

Cerebellum_8 0.73 (0.17) 0.64 (0.11) 0.01 

Cerebellum_9 0.77 (0.14) 0.76 (0.15) 0.81 

Cerebellum_10 0.41 (0.24) 0.42 (0.29) 0.94 
Table 2: T-tests assuming equal or unequal variance were conducted for the baseline  inter-hemispheric connectivity for 
each ROI. No significant differences were found after a Bonferroni alpha correction. 
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 Control Parents’ RCADS P-Value 

Control Athletes’ RCADS 0.126 0.63 

 Football Parents' RCADS P-Value 

Football Players' RCADS 0.416 0.001 
Table 3: The parent and child RCADS were positively correlated in both the football and control populations. However, 
only the football data was found to be statistically significant, p=0.001. 

 

Frontal Regions RWEcp Child RCADS 

Precentral 0.59 0.63 

Frontal_Sup 0.19 0.04 

Frontal_Mid 0.55 0.30 

Frontal_Sup_Orb 0.04 0.84 

Frontal_Mid_Orb 0.77 0.06 

Frontal_Inf_Oper 0.57 0.76 

Frontal_Inf_Tri 0.53 0.46 

Frontal_Inf_Orb 0.68 0.23 

Hippocampal Regions RWEcp Child RCADS 

Parahippocampus 0.84 0.38 

Hippocampus 0.44 0.79 

Amygdala RWEcp Child RCADS 

Amygdala 0.90 0.11 

Cerebellar Regions RWEcp Child RCADS 

Cerebellum_Crus1 0.44 0.95 

Cerebellum_Crus2 0.71 0.17 

Cerebellum_3 0.63 0.34 

Cerebellum_4_5 0.87 0.67 

Cerebellum_6 0.91 0.24 

Cerebellum_7b 0.99 0.55 

Cerebellum_8 0.98 0.62 

Cerebellum_9 0.66 0.82 

Cerebellum_10 0.41 0.98 
Table 4: The p-values are listed to give the significance of RWEcp and the change in Child RCADS as predictors for the 
change in inter-hemispheric connectivity. After the Bonferroni correction, neither RWEcp nor Child RCADS were 
significant predictors for any region of interest, p > 0.0025. 
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Frontal Regions 
Pre-Season Interhemispheric 

[β (95% CI)] 
RWEcp [β 
(95% CI)] 

Child RCADS [β 
(95% CI)] 

Time between Sessions 
[β (95% CI)] Age [β (95% CI)] 

Precentral 0.51 (0.25, 0.77)* 
0.020 (-0.053, 

0.092) 
-0.0012(-0.0066, 

0.0041) 
-0.00035 (-0.0024, 

0.0017) 
-0.010 (-0.053, 

0.033) 

Frontal_Sup 0.41 (0.17, 0.65)* 
-0.049 (-0.12, 

0.026) 
-0.0057(-0.011, -

0.00019) 
0.000017 (-0.0021, 

0.0021) 
0.024 (-0.021, 

0.068) 

Frontal_Mid 0.12 (-0.15, 0.39) 
-0.023 (-

0.098, 0.053) 
-0.0029(-0.00085, 

0.0026) -0.0004 (-0.0025, 0.0017) 
0.018 (-0.027, 

0.063) 

Frontal_Sup_Orb 0.39 (0.12, 0.66)* 
0.098 (0.0053, 

0.19) 
-0.00068(-0.0075, 

0.0062) 
0.00085 (-0.0017, 

0.0034) 
0.0038 (-0.05, 

0.06) 

Frontal_Mid_Orb 0.40 (0.18, 0.61)* 
-0.0096 (-

0.076, 0.057) 
-0.0047(-0.0097, 

0.00017) 
-0.0014 (-0.0033, 

0.00042) 
-0.0099 (-0.050, 

0.030) 

Frontal_Inf_Oper 0.44 (0.20, 0.67)* 
-0.020 (-

0.091, 0.051) 
0.00079 (-0.0044, 

0.0060) 0.0007 (-0.0013, 0.0027) 
-0.0043 (-0.046, 

0.038) 

Frontal_Inf_Tri 0.28 (-0.032, 0.59) 
0.026 (-0.056, 

0.11) 
-0.0023 (-0.0085, 

0.0039) 
-0.00063 (-0.0029, 

0.0017) 
0.044 (-0.0054, 

0.093) 

Frontal_Inf_Orb 0.013 (-0.33, 0.35) 
0.016 (-0.061, 

0.093) 
0.0036 (-0.0024, 

0.0096) 
-0.00034 (-0.0025, 

0.0018) 
0.019 (-0.027, 

0.064) 

Hippocampal 
Regions 

Pre-Season Interhemispheric  
[β(95% CI)] 

RWEcp 
[β(95% CI)] 

Child RCADS 
[β(95% CI)] 

Time between Sessions 
[β(95% CI)] Age [β(95% CI)] 

Parahippocampus 0.17 (-0.051, 0.36) 
-0.0075 (-

0.079, 0.064) 
-0.0023 (-0.0076, 

0.0029) -0.0006 (-0.0026, 0.0014) 
0.027 (-0.017, 

0.070) 

Hippocampus 0.053 (-0.12, 0.22) 

-0.021 
(0.0.76, 
0.033) 

0.00052 (-0.0034, 
0.0044) 

-0.00014 (-0.0016, 
0.0013) 

-0.00038 (-0.032, 
0.031) 

Amygdala 
Pre-Season Interhemispheric  

[β(95% CI)] 
RWEcp 

[β(95% CI)] 
Child RCADS 
[β(95% CI)] 

Time between Sessions 
[β(95% CI)] Age [β(95% CI)] 

Amygdala -0.058 (-0.32, 0.21) 
-0.0048 (-

0.078, 0.069) 
0.0043(-0.00094, 

0.0096) 
-0.0011 (-0.0032, 

0.00088) 
0.0036 (-0.039, 

0.046) 

Cerebellar 
Regions 

Pre-Season Interhemispheric  
[β(95% CI)] 

RWEcp 
[β(95% CI)] 

Child RCADS 
[β(95% CI)] 

Time between Sessions 
[β(95% CI)] Age [β(95% CI)] 

Cerebellum_Crus1 0.18 (-0.12, 0.49) 
-0.032 (-0.11, 

0.050) 
0.0002 (-0.0056, 

0.0063) 0.0002 (-0.0020, 0.0024) 
-0.046 (-0.094, 

0.00088) 

Cerebellum_Crus2 0.57 (0.34, 0.80)* 
0.011 (-0.048, 

0.070) 
-0.0030 (-0.0073, 

0.0013) 
-0.00049 (-0.0021, 

0.0011) 
-0.021 (-0.056, 

0.013) 

Cerebellum_3 0.31 (0.091, 0.53) 
0.019 (-0.060, 

0.098) 
0.0028 (-0.003, 

0.0086) -0.0003 (-0.0025, 0.0019) 
0.013 (-0.034, 

0.060) 

Cerebellum_4_5 0.30 (0.12,0.49)* 
0.0034 (-

0.039, 0.046) 
0.0007 (-0.0025, 

0.0039) 
0.00033 (-0.00086, 

0.0015) 
-0.0048 (-0.030, 

0.020) 

Cerebellum_6 0.31 (0.080, 0.54) 
-0.0027 (-

0.048, 0.043) 
0.0020 (-0.0014, 

0.0053) 
0.00097 (-0.0003, 

0.0022) 
-0.0016 (-0.029, 

0.026) 

Cerebellum_7b 0.53 (0.29, 0.77)* 
-0.00064 (-

0.072, 0.071) 
0.0016 (-0.0037, 

0.0069) 
0.00058 (-0.0014, 

0.0026) 
-0.032 (-0.074, 

0.010) 

Cerebellum_8 0.25 (0.011, 0.48) 
-0.00072 (-

0.060, 0.059) 
-0.0011 (-0.0055, 

0.0033) 
0.00028 (-0.0014, 

0.0019) 
-0.0040 (-0.039, 

0.032) 

Cerebellum_9 0.37 (0.18, 0.57)* 
0.0087 (-

0.030, 0.048) 
-0.00033 (-0.0032, 

0.0025) 0.0015 (0.00038, 0.0026) 
0.0034 (-0.02, 

0.027) 

Cerebellum_10 0.40 (0.17, 0.64) 
0.038 (-0.048, 

0.12) 
-0.0014 (-0.0077, 

0.0050) 
-0.00059 (-0.0030, 

0.0018) 
0.026 (-0.025, 

0.077) 

Table 5: The beta-coefficients and 95% confidence intervals are given for each predictor of post-season interhemispheric 
connectivity, as found by the multiple regression models. An asterisk denotes p < 0.0025. 
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Pre-Season RCADS 
[β(95% CI)] P-Value 

RWEcp 
[β(95% CI)] P-Value 

Time Between Sessions 
[β(95% CI)] P-value 

Age 
[β(95% CI)] P-Value 

0.69 (0.52,0.87) 7.02E-11 
0.97 (-2.21, 
4.16) 0.54 -0.015 (-0.10,0.73) 0.73 

1.35  
(3.24, -0.52) 0.15 

Table 6: The beta-coefficients, confidence intervals, and P-values are given from the multiple regression model 
predicting post-season RCADS scores for the football players. Only the pre-season RCADS was the only significant 
predictor of post-season RCADS p < 0.05. 

Pre-Season RCADS 
[β(95% CI)] P-Value 

Playing Football 
[β(95% CI)] P-Value 

Time Between Sessions 
[β(95% CI)] P-Value 

Age 
[β(95% CI)] P-Value 

0.69 (0.51,0.86) 2.28E-11 0.52(-4.46, 5.51) 0.84 -0.036 (-0.12, 0.047) 0.39 
1.55 (-0.10, 
3.21) 0.07 

Table 7: The beta-coefficients, 95% confidence intervals, and p-values were given for all covariates in the multiple 
regression that combined all football and control data. Football was measured as a binary variable to distinguish those 
who played football. Only pre-season RCADS score was a significant predictor of post season RCADS, p < 0.05. 
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CONCLUSION 

          One reason that there may be a significant difference between the control and 

football groups’ time between session is that it is difficult to predict the length of the 

football season. Each team plays a different amount of time based on the team’s 

performance, with higher performing teams playing longer due to tournament wins. 

While this difference was statistically significant, the football players on average were 

scanned only 17.43 days later. Clinically, this is not very much time for brain 

development changes to occur. However, the difference was accounted for by using the 

time between sessions as a covariate in the multiple regression analyses. 

 There was no statistically significant difference between the change in anxiety and 

depression, as measured by RCADS, between the football players and control athletes for 

the overall RCADS as well as the individual components measuring generalized anxiety, 

depression, panic, social anxiety, separation anxiety, and OCD. It is important to note that 

both the football players and the control athletes experienced a decrease in the overall 

RCADS score. The control athletes do have less anxiety and depression than the football 

athletes, but this difference was not statistically significant.  

     Other important trends were noted in the individualized components of the RCADS. 

The control athletes did report an increase in generalized anxiety whereas the football 

players reported a decrease in generalized anxiety. On the other hand, the control athletes 

reported a more substantial decrease in social anxiety when compared to the football 

players. Lastly, it is interesting to note that while both the football and control 

participants reported increases in several components of the RCADS, the parents of both 
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football and control participants almost exclusively cited no change or decreases in 

anxiety and depression.  

              In terms of the RCADS data, the football players tended to show decreases or 

only minimal increases in anxiety and depression. It is possible that the players are in an 

age bracket where they are too young and small to cause head impacts that lead to 

increased anxiety and depression. The football players’ anxiety and depression did 

improve after the course of the season, so they could be experiencing the known benefit 

of exercise on mental health while not yet experiencing the detrimental effects of head 

impacts that previous literature has found. The football players, however, did not 

experience decreases in anxiety and depression to the same extent as the control athletes. 

If this trend continued with more athletes added to the study, it could reveal that while 

football players don’t show increases in anxiety and depression, they do not benefit from 

football as much as control athletes benefit from non-contact sports.  

          There was statistically no difference in pre-season RCADS score or pre-season 

inter-hemispheric connectivity for the 20 ROIs between the football and control 

participants. This was helpful to ensure the two groups were starting with similar 

baselines. While it is the football players’ first season in the study, it was not always their 

first season playing the sport. Despite there being no significant difference in baseline 

values for RCADS or brain connectivity, each participant acted as his own control since 

we calculated change as pre-season values subtracted from post-season values.  

   To test how well the parents of the control athletes and the parents of the football 

players perceived their respective children’s change in anxiety and depression, the 

Pearson’s correlation was calculated. The football group was the only correlation that 
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was statistically significant; however, both parent groups were positively correlated to the 

youth groups. This added validity to the RCADS as both groups were reporting similar 

changes in anxiety and depression. 

    A multiple regression analyses was used to determine if RWEcp and the reported 

change in anxiety and depression significantly predicted changes in inter-hemispheric 

connectivity in brain regions associated with anxiety and depression. After a Bonferroni 

correction, neither was a significant predictor. However, prior to correcting for multiple 

comparisons, the change in child RCADS was a significant predictor of the change in 

interhemispheric connectivity in the superior frontal region and RWEcp was a significant 

predictor of the change in interhemispheric connectivity in the superior frontal orbital 

region. The change in child RCADS was also trending towards significance for 

predicting the change in the interhemispheric connectivity of the middle frontal orbital 

region. It is possible that with more subjects, these trends would continue towards 

significance. For the multiple regression analyses investigating the change in RCADS 

was not significantly accounted for by RWEcp or simply playing football. This added 

validity that the football participants did not experience changes due to their cumulative 

head impact exposure. 

  The results of the study were primarily negative. However, the differences in the 

RCADS scores as well as the trends towards significance in the multiple regression 

analysis could reach significance if more participants were added to the study.  The 

number of participants in the control group was especially small. More participants could 

increase the study’s power to more thoroughly examine these relationships. 
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    Another explanation for these results is that the age group examined here is not 

typically a group where anxiety and depression is prominent. Head impacts could cause 

more detrimental effects in a group with an already higher baseline level of anxiety and 

depression or in a group more susceptible to developing anxiety and depression, such as 

high schoolers. 

   The youth players are also not typically specialized players yet. The players tend to 

rotate positions from offense to defense as well as rotate positions within offense or 

within defense. The thought is that this rotating could spare the athletes from receiving 

the same type of head impact repeatedly. For example, a high school football offensive 

lineman typically always plays as an offensive lineman. This means that he receives 

similar types of head impacts in a similar location on his head repeatedly in both 

practices and games. The youth players, on the other hand, are given the opportunity to 

play in positions with high levels of head impact and then rotate to positions with less 

head impacts or head impacts in a different brain region with different levels of 

acceleration. 

       The RCADS was originally used as a screening measure and to be used as a covariate 

in other analyses in the Wake Forest laboratory. This is the first study from this lab to 

examine the direct relationship of head impact exposure with changes in anxiety and 

depression. In the future, a more sensitive measure of anxiety and depression could be 

used. This could show more accurate levels of anxiety and depression in youth as well as 

be a more sensitive measure of the changes occurring. 

 Another limitation is that the study exclusively examined male, American football 

players. Females could experience non-concussive head impacts differently than males 
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do. Female athletes might demonstrate unique changes in the overall RCADS or its 

individual components from pre-season to post-season. In addition, other sports may 

show differences in the RWEcp and other types of athletes might react differently to head 

impacts. There are numerous contact sports, such as soccer and hockey, that cause 

athletes to experience similar types of non-concussive head impacts. These sports should 

be examined for youth athletes as well to see if there are demonstrated changes relevant 

to anxiety and depression.  

  Future directions of the study include looking at different network connections, 

expanding the study to cover multiple seasons of play, and adding high school athletes to 

the study.  

    Previous TBI research also utilized the use of fMRI to examine interhemispheric 

connectivity in various resting state networks and concluded TBI did cause alterations in 

the functional connectivity of specific networks28.  The research was a preliminary step to 

begin using functional connectivity models as biomarkers for concussions and as a 

diagnostic tool of TBI28. Interhemispheric brain connectivity was examined in the present 

study because TBI research has also shown the corpus collosum to be the most highly 

affected white matter tract29. It is logical to conclude that if the corpus collosum is 

affected that the right and left hemisphere connectivity would also be shifted. In addition, 

biomechanical data revealed that the athletes in the study tend to experience head impacts 

on one side of their head more often than the other. The reasoning behind this is still 

being examined; however, if one hemisphere of the brain is impacted more frequently, 

we predicted that the interhemispheric connectivity would be altered. This is only one 

theory, however. It could be possible that other networks are affected more prominently 
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or that the affected functional connectivity is between two distinct regions of interest and 

not between the two hemispheres of a single region of interest.  

 This study examined the changes from only one season of play. While there were 

changes, none were significant. The season is only three to four months so increasing the 

length of monitoring from one season to even two or three seasons could show more 

remarkable changes in the behavioral components of anxiety and depression as well as 

the functional connectivity of brain regions. It would also inevitably increase the amount 

of non-concussive head impacts experienced by the athletes.  

       As previously stated, high school athletes are bigger and will sustain more severe 

head impacts, are more susceptible to anxiety and depression, and play specialized 

positions. This population might show similar detrimental mental health effects from TBI 

as previously reported in scientific literature. It is an important group that has not been 

studied in terms of the relationship between non-concussive head impacts and anxiety 

and depression.  

           In conclusion, this is one study that does not show significant negative alterations 

to anxiety and depression or significant changes in interhemispheric brain connectivity 

after youth athletes were exposed to numerous non-concussive head impacts over the 

course of a single season. More research needs to be conducted and account for the 

presented limitations before a definitive relationship between RWE and anxiety and 

depression can be reached. 
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Student Leader, Students Promoting Action and Responsibility in the Community at 

Wake Forest University (2015-2017) 

Gamma Rho Chi (Sorority Recruitment Counselor), National Panhellenic Community 

at Wake Forest University (2017-2018) 

Assistant Vice-President of Community Service, Kappa Delta Sorority Zeta Omicron 

Chapter (2016) 

Girl Scout Outreach Committee, Kappa Delta Sorority Zeta Omicron Chapter (2018) 

Co-Chair for Prevent Child Abuse of America Philanthropic Events, Kappa Delta 

Sorority Zeta Omicron Chapter (2015-2017) 

External Philanthropy Chair, Kappa Delta Sorority Zeta Omicron Chapter (2018) 

Academic Chairs for Biology, Psychology, and Neuroscience, Kappa Delta Sorority 

Zeta Omicron Chapter (2016-2018) 

 

MEDICAL SHADOWING EXPERIENCE 

Podiatry, Wake Forest Baptist Medical Center (2018) 

Acute Care Surgery, Wake Forest Baptist Medical Center (2018) 

Neuroradiology, Wake Forest Baptist Medical Center (2017) 

Pediatric Neurology, Wake Forest Baptist Medical Center (2017) 

Pediatrics, Wake Forest Baptist Medical Center (2017) 

Anesthesiology, Wake Forest Baptist Medical Center (2017) 

 

 

 

 


