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Given the prevalence of  traumatic brain injuries (TBI) in contact sports such as American Football, the need for increased research 
in TBI has been dramatically increased over the last 20-years. TBI has two main mechanisms that cause neuronal cell death follow-
ing an incident: direct axonal death and neuronal inflammation, with the latter being the most common because it persists more 
than a decade and chronically affects neighboring neurons. Therefore, proper management that reduces inflammation post-TBI 
should be stressed in order to facilitate propitious recovery. While sideline concussion protocols have been implemented in sports 
fields, it is important immediately to initiate recovery protocols in order to minimize the degree of  progressive neuronal death 
caused by TBI. While difficult to individualize symptoms for each occurrence, it is essential to incorporate a pretest of  cognition, 
memory, and balance as a means of  determining the severity of  TBI. Although the sports concussion assessment tool 2 has been 
used by collegiate and professional teams, this tool is just based on observation and comparison. Thus, more precise and advanced 
diagnosis using biological methods are needed to accurately assess individual symptoms, which should save lives. One example is 
to use serum creatine kinase (CK) levels because CK released from damaged brain tissues enters the bloodstream and thus TBI 
can be quickly assessed and identified. While the immediate diagnosis of  TBI is one part of  management, efficacious treatments 
of  post-TBI is also critical. Regarding this, exercise and nutritional supplementation have been reported to be effective. While 
specific pathways of  neuroprotective mechanisms remain to be elucidated, endurance exercise along with supplementation of  fish 
oil, caffeine, and vitamin D seems to elicit neuroprotective effects. This review provides potential mechanisms responsible for 
exercise and nutritional supplementation-mediated neuroprotection against TBI. Since human subjects are limited to mechanistic 
studies requiring invasive surgical procedures, research involving animals (e.g., mouse and rat) are also introduced in this review.
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INTRODUCTION

Approximately 1.5 million Americans experience a traumat-
ic brain injury (TBI) each year.1,2 TBI’s can occur in many 

ways such as car accidents, falls, work-related injuries, and athletic 
events, leaving lasting effects that may lead to degenerative diseas-
es.3 There are approximately five million Americans that currently 

living with these TBI-related disabilities.2,4 TBI has traditionally 
been diagnosed in a clinical setting with the use of  sophisticated 
medical techniques such as magnetic resonance imaging (MRI) or 
cognitive function tests. Numerous studies have been conducted 
to identifying the main causes of  TBI and reported that oxida-
tive stress and deficiencies in vitamin D and minerals are linked 
to TBI progression. Nevertheless, there has been no evidence of  
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a comprehensive and successful treatment for TBI.5-9 Since many 
mechanisms (e.g., metabolic and cognitive decline) are implicated 
in TBI, potent interventions to help increase resiliency to a poor 
progression of  TBI needs to be established. Indeed, although over 
150 national football league players will be diagnosed with a con-
cussion each year,10 there have not been many reliable resources 
that clearly illustrate recovery methods for TBI, while the emphasis 
in the industry at present focuses upon the protection of  TBI by 
making the sport rules safer for players and the equipment more 
protective. Therefore, the purpose of  this review was to provide 
an overview of  current literature of  TBI and introduce effective 
recovery strategies using exercise and supplementation to mini-
mize neuro inflammation and cellular damage from a TBI event 
for American football players.
	
MANAGEMENT OF TBI

Observational Diagnosis of TBI

Sideline concussion protocols are being implemented in virtually 
every sport in the United States. As chronic traumatic encephalop-
athy (CTE) and the effects of  TBI’s have been brought to attention 
in the fields of  contact sports, the need for quick diagnosis and 
management has become necessary. Professional and collegiate 
sports organization have begun to invest heavily into resources, 
ensuring the safety of  athletes with potential TBI by implementing 
specific sideline and return to play protocols (e.g., SCAT2, SCAT3, 
and NFL modified) along with hiring experts in the field (e.g., 
physicians and athletic trainers).10 While difficult to individualize 
symptoms for each event, sport teams have ensured that baseline 
testing is implemented before full participation in seasonal training 
to ensure that affected athlete's reach base levels of  cognitive and 
physical function prior to returning to sport.11 In addition, upon 
returning to baseline, the athletes must pass a gradual exercise test 
to ensure TBI symptoms will not relapse, and the athlete can re-
turn to play without cumulating injury.11 In opposition to continu-
ous organizational efforts for the prevention of  poor progression 
of  TBI, however, most athletes under report symptoms and inju-
ries. For example, approximately 48% of  high school players do 
not report symptomatic events of  TBI.12 Therefore, educational 
promotion for improvement in student awareness about TBI (e.g., 
medical knowledge and consequence of  TBI) should be frequently 
provided to athletes. 

	 The athlete suffering from TBI is given information by a 
team physician to use outside of  the team atmosphere in order to 
continue recovery.11 However, evidence has shown that the athletes 
do not seem to receive individualized information about timing, 
intensity, or type of  treatment but to be informed about general 
guidelines.11 Therefore, there arises a need for more complete em-
pirical evidence in diagnosis and management.12

Use of Creatine Kinase as a TBI Biomarker

Given that general field, tests cannot precisely diagnose nor iden-
tify the levels of  TBI, measurement of  a biomarker is necessary for 
detection of  TBI. The need for immediate and precise diagnosis 
has shifted the medical communities’ focus from clinical observa-

tional methods to the use of  biological methods, such as blood-
borne markers.13 Regarding this, creatine kinase (CK) has been 
shown to be a reliable metabolic marker of  damaged tissues and 
can be measured by less invasive measures.14-16 

	 Acute damage to tissue normally results in the release of  
extracellular enzymes into the blood. One such enzyme (marker) 
that is present after brain injuries are CK. Elevated levels of  CK 
in the blood has long been used as a marker for tissue damage in 
tissues like the brain and heart. CK is normally not present in the 
blood; however, after the onset of  an acute brain injury, it is present 
in the peripheral blood.17 Similarly, a recent study by Karkela et al 
demonstrated that a brain-specific creatine kinase (CK-BB) is also 
present in cerebrospinal fluid after a hypoxic brain injury.18 This 
group also found that increased levels of  neuron-specific enolase 
(NSE), present in cerebrospinal fluid is present in the blood after a 
hypoxic brain injury. 

New Blood Biomarker for Chronic Traumatic Encephalopathy

In the past, creatine kinase was considered as the only reliable tech-
nique for medical professionals to detect the possibility of  a TBI. 
However, emerging research has shown that there is a more ac-
curate marker of  brain injury than CK. Cherry et al have recently 
discovered that a brain-specific protein, CLL11, is increased in the 
blood who have been diagnosed with CTE.19 Based on their hy-
pothesis this could act as a new diagnostic tool that could improve 
diagnosis time from days to potentially hours. In a sport such as 
American football, this could arguably be a most positive change 
in protecting players brain health since the 1950s adoption of  poly-
mer, hard shell helmets. 

EXERCISE INTERVENTION AND TBI RECOVERY

Aerobic exercise has emerged as a potent intervention to prevent 
poor progression of  various neurodegenerative diseases because 
of  its key role in decreasing inflammation and modulating favor-
able gene expression. Neural inflammation is a secondary cause of  
neuronal cell death due to the excessive release of  proinflamma-
tory cytokines from immune cells and tissues of  an injured area.20 
Inflammation has been reported to be a prime source of  both 
extrinsic (e.g., cytokine-mediated) and intrinsic (e.g., mitochon-
driamediated) cell death since it activates cell death executioner 
protein, caspase3.21 A previous animal study has shown that endur-
ance exercise (e.g., treadmill and wheel exercise) decreases active 
caspase3 levels in the hippocampus following a TBI instance,20 re-
sulting in attenuation of  neuronal death and improved memory re-
tention, and cognitive abilities.20 Given that neuronal cells are post-
mitotic cells possessing an extremely low regenerative capacity, it is 
reasonable to speculate that improvement in neurogenesis may be 
a potential mechanism responsible for exercise-induced restoration 
of  neuronal function. Indeed, supporting this supposition, studies 
using animals have demonstrated that treadmill running exercise 
elicits remarkable neural regeneration.22-24

	 Given the high rate of  brain trauma in football players, 
this exercise-induced neurogenesis mechanism will be an impor-
tant therapeutic strategy; however, despite this therapeutic poten-
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tial, it has been recommended that physical activities should be lim-
ited until symptoms disappear.20,25 For example, a study has shown 
that abstaining from exercise for five weeks following brain trauma 
significantly reduces neuroinflammation and cognitive dysfunction 
when compared to exercise intervention imposed one week after 
the incident.20,26 These studies also showed that the lesion size and 
inflammation in the brain were significantly suppressed upon the 
delayed onset of  exercise therapy. Thus, current research suggests 
an important notion that while exercise can be a potent interven-
tion for neuroprotection via neurogenesis, initiating exercise too 
soon without an appropriate recovery period from the brain trau-
ma and high intensity may exacerbate the symptom. 

NUTRITIONAL SUPPLEMENTATION AND TBI RECOVERY 

Creatine Supplementation and TBI

Creatine is a nitrogenous organic compound that is found in verte-
brates and most popular among athletics due to its potential role in 
muscular hypertrophy. The main role of  creatine is the recycling of  
adenosine diphosphate back into adenosine triphosphate. It also plays 
a role in the moderation of  oxidative stress27 and apoptotic effects in 
neurons, both of  which are beneficial to brain health against TBI.28,29 

	 A clinical trial examining the effect of  creatine supplementa-
tion on mild TBIs has reported that 0.4 g/kg of  creatine given to chil-
dren and adolescents suffering from TBI improved several physiologi-
cal symptoms including post-traumatic amnesia, communication, and 
cognitive function.30 Although encouraging, these results are limited 
due to many unexplained factors such as the regenerative ability of  an 
adolescent brain and potential factors pertaining to the cause of  TBIs.

Omega-3 Fatty Acids and TBI

Fish oils are a supplement high in omega-3 fatty acids and have 
shown to be efficacious in reversing the detrimental metabolic 
symptoms of  TBI leading to a cognitive decline in many stud-
ies.6,7,9,31 Omega-3 fatty acids are polyunsaturated fatty acids and 
abundantly found in the brain. They are very important compo-
nents of  the plasma membrane and associated with the neuronal 
signaling of  the brain.32 

	 Docosahexaenoic acid, one of  the omega-3 fatty acids, 
has been reported to enhance expression of  brain-derived neuro-
trophic factor and to be necessary to maintain the molecular pro-
cesses required for a proper cognitive function, neuronal excitabil-
ity, learning process, memory retention, and gene expression.9,33 In 
this regard, previous studies have shown a positive outcome from 
a diet rich in omega-3 fatty acid against TBI. For example, studies 
led by Wu et al have reported that football players, who have suf-
fered TBI’s improved learning process, brain plasticity, and cogni-
tive function.9,31 Silent information regulator 2 (Sir2) is an impor-
tant protein for sustaining cellular homeostasis in the brain.31,34,35 
Interestingly, it has been reported that Sir2 diminishes in the brain 
suffering TBI,35 whereas a rich diet on omega-3 fatty acids helps to 
restore the levels of  Sir2, resulting in reducing cognitive dysfunc-
tion and increasing plasticity of  the brain.9,31

Caffeine Supplementation and TBI

Caffeine is a psychomotor stimulant in the brain region of  the 
basal ganglia.36 The molecular mechanism of  caffeine is the ac-
tivation of  adrenergic tone via inhibiting adenosine A1 receptors, 
which oppose beta-adrenergic signaling cascades by inhibiting an 
adenylate cyclase.36-38 Supporting the findings above, recent studies 
have demonstrated that psychomotor stimulation via the caffeine 
induced A1 receptor blockage protects the brain against both acute 
and chronic TBI.38,39 In addition, caffeine-mediated adenosine A2a 
receptor inhibition has been reported to facilitate neuroprotection 
by increasing neurotransmitter releases and stimulating neurosen-
sory activities.36,40,41 Indeed, studies using both human and animals 
showed that caffeine supplementation after TBI provide beneficial 
effect against TBI.38,42 
	
	 Parkinson’s disease (PD) is caused by degeneration of  do-
paminergic nigrostriatal neurons of  the basal ganglia, characterized 
by a series of  motor disturbances.37 Although advanced age and 
genetic mutation are well-accepted etiology of  PD, it can also arise 
from severe TBIs frequently induced by contact or noncontact 
sports, car crashes or anything else where a possible traumatic im-
pact can occur in the head region.43-45 Regarding this, recent studies 
has demonstrated that caffeine administration increases extracellu-
lar dopamine in the striatum in the striatum.46,47 This indicates that 
caffeine supplementation may be a potential therapeutic strategy; 
however, given that maintenance of  basal activation of  adenosine 
A1 and A2a receptors plays an important role in antiinflammation, 
vasodilation, pain modulation, anti-arrhythmia, and metabolic reg-
ulation, it is important to understand that the chronic blockage via 
mega dose (>400 mg per day for adults) of  caffeine or pharmaco-
logical antagonists against thereceptors may cause several adverse 
effects.

Vitamin D Supplementation

Vitamin D is a lipid-soluble essential vitamin and has been known 
to play a critical role in maintaining calcium balance. Important-
ly, vitamin D is also involved in the molecular processes of  cell 
proliferation, differentiation, and survival since it can function as 
a hormone ligand that binds to the nuclear receptor vitamin D 
receptor, resulting in the transcription of  vitamin D-responsive 
genes.48 Vitamin D can be made by de novo synthesis from choles-
terol through exposure of  skin to ultraviolet B and taken by dietary 
sources (plants and animals) or supplements. Vitamin D2 and D3 
derived from plants and animals, respectively should go through 
the hydroxylation processes via first the liver and kidney, resulting 
in the active hormonal form of  vitamin D (1, 25-dihydroxy vitamin 
D) or calcitriol of  note, previous studies have shown that vitamin 
D3 has a more efficacious in raising an active form of  vitamin D.49 

	 Vitamin D deficiency is associated with impaired cogni-
tive function and has been shown to be a common symptom in 
patients suffering from a TBI.50 A study found that patients suf-
fering from TBI with a vitamin D deficiency had significantly low-
er score on a cognitive examination test than those who did not 
(p=0.034).50 On the contrary, in an animal study, supplementation 
of  calcitriol, an active vitamin D metabolite, significantly decreases 
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cell death after TBI in the cortex region of  the rat and improves 
cognitive function.51 This study supports the notion that vitamin 
D supplementation helps sustain higher levels of  cognitive func-
tion after a TBI. Furthermore, growing evidence has revealed that 
the administration of  progesterone in combination with vitamin 
D significantly improves cognitive recovery after a TBI.52,53 These  
studies indicate that vitamin D supplementation may help to offset 
some of  the symptoms and improve recovery from a TBI.

SUMMARY

The high number of  concussions in sports with high contact level 
such as football, generated a great interest to search penitential 
interventions to maintain brain health throughout athletes’ carrier 
and avoid TBI that results in critical health problems. Exact molec-
ular pathways of  TBI progression still remains unclear; however, it 
is apparent that cellular metabolism has a significant impact on the 
regulation of  TBI recovery. While recovery from cognitive impair-
ment can occur within 3-7-days post-TBI, cognitive deterioration 
has been shown to continue during the recovery period. Current 
clinical protocols mandate a limitation of  physical activities until 
symptoms reside, with cognitive function returning to normal lev-
els since immoderate physical exertion exacerbates TBI symptoms. 
Accumulating evidence suggests that aerobic exercise with moder-
ate intensity and nutritional supplementation may improve recov-
ery from TBI and reduced poor progression of  TBI. However, 
their neuroprotective mechanisms remain to be elucidated neuro-
genesis in response to moderate exercise and supplementation (e.g., 
fish oil, vitamin D, and caffeine) play a key role in expediting faster 
recovery period. More importantly, the combination of  moderate 
exercise with nutritional supplementation may complement the na-
tional football league (NFL) or national collegiate athletic associa-
tion (NCAA) return to play protocol. However, since the degree of  
symptoms from TBI can be drastically different based on severity 
and the individual, it is beyond the scope of  this review to recom-
mend specific dosages of  supplementation. Thus, future studies 
are necessary to explore the current limitations in the future.
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