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Abstract

Introduction: Traumatic brain injury (TBI) is one of the most common causes of death and

long-term disability. The consequences following TBI can be persistent and cause life-long

implications for survivors. Treatment of TBI may be complex and involve large monetary

costs. The frequent injury mechanisms are traffic-related, falls, violence or sport-related

accidents. Higher risk of brain injury and its complications indicate that people affected by

brain trauma may benefit from the prophylactic and post-traumatic use of certain supplements

both in the context of physical performance and in the event of potential injury.

Aim of the Study: This narrative review examines the current literature of the role of

supplementation before and after TBI and its effects on the patient's outcome.

Materials and Methods: A comprehensive search was performed using PubMed and Google

Scholar focusing on the literature published up to April 2024. The review included

randomized controlled trials, meta-analyses, systematic reviews that focused on the use of

creatine monohydrate, omega-3 fatty acids, magnesium and zinc in TBI and among the
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general population. Data of pathophysiology and epidemiology of TBI and safety profile of

supplements were involved.

Results: The evidence indicates that the role of supplementation with creatine, omega-3

PUFAs and zinc is important in mitigating secondary damage after TBI, as well as in

protecting against damage if administered before injury.

Conclusion: Because of the complex and multifactorial nature of the TBI more studies are

required to constitute an effective nutrition-based strategy for reducing the cognitive and

behavioral deficits associated with this injury. The evidence supporting multiple dietary

components to improve a patient's outcome seems strong and the cost of its implementation is

low. A group of particular interest that may benefit additionally are athletes who use dietary

supplementation in their daily routine.

Keywords: traumatic brain injury, creatine, omega-3 fatty acids, magnesium, zinc

Introduction

Traumatic brain injury (TBI) is one of the most common causes of death and long-

term disability. In European countries the incidence rate ranges from 47.3 to 849 per 100.000

per year for all ages (Brazinova et al., 2021). The consequences following TBI can be

persistent and cause life-long implications for survivors (Tagliaferri et al., 2005). Treatment

of TBI may be complex and involve large monetary costs (Tagliaferri et al., 2005). The

frequent injury mechanisms are traffic-related, falls, violence or sport-related accidents

(Brazinova et al., 2021). TBI pathophysiology consists of two types of damage - primary and

secondary. The first type is caused by the external force itself and includes increases in

intracranial pressure, edema, hemorrhages and strains of the neural and vascular tissue leading

to axonal injury (Mira et al., 2021; Nakagawa et al., 2011; Young et al., 2015). Secondary

damage refers to molecular and cellular consequences which occur in hours and days after

incident and causes further axonal degeneration and demyelination, oxidative stress,

mitochondrial and synaptic damage, neuroinflammation and protein aggregation. What is

important - the secondary damage is responsible for the persistence of symptoms and

increased vulnerability to new trauma or neurodegenerative disorders of the brain (Mira et al.,

2021). TBI should be conceptualized as a chronic health condition which can have lifelong

effects on health and wellbeing such as seizures, neurodegenerative disease, emotional

difficulties, cognitive impairment and functional limitations (Wilson et al., 2017).



4

Concussion due to sport-related TBI in contact sports occurs with frequency from 1.6

to 3.0 millions cases annually in the United States (Ianof et al., 2014). However, many sport-

related TBIs are unrecognized and unreported. Repetitive head injuries may occur in sports

like football, soccer, rugby, hockey or martial arts (e.g. boxing or wrestling) as well as high-

velocity sports such as cycling, motor racing, equestrian sports, rodeo, skiing and roller

skating (Ianof et al., 2014; 8McKee et al., 2009). Lehman EJ et al. showed that among former

professional football players, who are exposed to repetitive mild TBI, the neurodegenerative

mortality is 3 times higher than that of the general US population (Lehman et al., 2012).

Another study suggests that there is a possible link between recurrent sport-related concussion

and increased risk of clinical depression (Guskiewicz et al., 2007). Next group exposed to TBI,

especially mild TBI or concussion, is the military service (Lehman et al., 2012; Helmick et al.,

2015). Higher risk of brain injury and its complications indicate that these populations may

benefit from the prophylactic use of certain supplements both in the context of physical

performance and in the event of potential injury.

Many pre-clinical and clinical studies suggest that nutritional interventions may be

implemented to prevent unwanted events caused by the secondary damage of TBI. The aim of

this review is to highlight the role of supplementation before and after TBI and its effects on

the patient's outcome.

Creatine monohydrate

Creatine monohydrate is a well known supplement among athletes as well as amateur

sportsmen and sportswomen (Butts et al., 2018). Its intake, combined with physical training,

improves performance and increases body mass both in young and older adults (Branch 2003;

Chilibeck et al., 2017). Creatine supplementation may also have beneficial effects on

cognitive functions in healthy individuals, especially elderly (Prokopidis et al., 2023;

Avgerinos et al., 2018; Dolan et al., 2018). Recent studies demonstrated the efficacy of

chronic creatine ingestion in post‐COVID‐19 fatigue syndrome by reducing general fatigue

after 3 months of intake compared to baseline values (p = 0.04), and significantly improved

scores for several post‐COVID‐19 fatigue syndrome‐related symptoms (e.g., ageusia,

breathing difficulties, body aches, headache, and difficulties concentrating) at 6‐month

follow‐up (p < 0.05) (Slankamenac et al., 2023; Slankamenac et al., 2024). Longitudinal

studies showed safety of short-, medium- and long-term creatine consumption for the kidney

and liver in healthy subjects (Poortmans and Francaux, 2000; Poortmans et al., 1997;
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Poortmans and Francaux, 1999; Kreider et al., 2003; Poortmans et al., 2005; Gualano et al.,

2010; Neves et al., 2011). Moreover, there is no risk for groups prone to kidney dysfunction

like elderly people (Neves et al., 2011) or type 2 diabetic patients (Gualano et al., 2011).

Sullivan et al. showed in animal models that chronic administration of creatine may

ameliorate the extent of cortical damage after experimental TBI. Neuroprotective effects may

result from maintaining mitochondrial membrane potentials, reducing free radical production

and lowering levels of intramitochondrial Ca2+ (Sullivan et al., 2000). In further studies,

creatine-fed animals after experimental TBI presented significantly lower levels of both free

fatty acids and lactic acid than control group, which are markers of secondary cellular injury

following TBI (Scheff and Dhillon, 2004). These results support the idea that creatine-

enriched diet can provide neuroprotection related to mitochondrial integrity.

One of the major complications after the TBI may be the post-traumatic seizures (PTS)

in the early stage after injury and developing post-traumatic epilepsy thereafter (Lucke-Wold

et al., 2015). Given previous studies, it would seem that creatine supply may have an impact

on preventing these conditions. Although creatine reduces oxidative stress markers and

stabilizes mitochondrial membrane potentials, it still does not protect against seizures in the

first week after TBI (Saraiva et al., 2012). Despite the administration of creatine within 30

min after TBI, animals tested with subconvulsive dose of pentylenetetrazol (PTZ), 4 days

after TBI, had lower latency and longer duration for tonic–clonic seizures. Surprisingly,

another study conducted by Gerbatin et al. showed that delayed creatine supplementation may

be beneficial in this field (Gerbatin et al., 2019). This time rats from the experimental group

were fed creatine from one week after TBI. The study demonstrated that delayed and chronic

creatine supplementation promotes a protective and sustained effect against susceptibility to

EEG and behavioral seizures induced by PTZ after TBI. Moreover, the protective effect of

creatine against brain excitability following TBI was observed. Creatine administration was

associated with the reduction in cell loss including GABAergic neurons followed by the

regulation of parameters involved in the GABAergic function (Gerbatin et al., 2019).

Similar research was conducted with human individuals. Sakellaris et al. performed a

pilot study involving 39 children and adolescents with TBI which showed that creatine

administration improved results in several parameters, including duration of post-traumatic

amnesia, duration of intubation, intensive care unit stay, disability, good recovery, self care,

communication, locomotion, sociability, personality/behavior and neurophysical, and

cognitive function. Significant improvement was recorded in the categories of cognitive (p <
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0.001), personality/behavior (p < 0.001), self care (p = 0.029), and communication (p = 0.018)

aspects in all patients. Additionally, no side effects were seen after creatine intake (Sakellaris

et al., 2006; Sakellaris et al., 2008).

Available literature on creatine supplementation suggests that this compound may be

useful in alleviating secondary damage after TBI as well as in protecting against damage if

administered pre-injury. Moreover, in populations at high risk for mild TBI such as athletes

and military personnel, who are already taking the compound to some degree, the possible

benefits are of particular interest (Ainsley Dean et al., 2017). However, more clinical studies

are required in this field as well as protocols for creatine administration.

Omega-3 polyunsaturated fatty acids (omega-3 PUFAs)

Omega-3 polyunsaturated fatty acids (omega-3 PUFAs) seem to be very useful

supplements for a huge range of the population like athletes, elderly with sarcopenia and

patients with cardiovascular and inflammatory diseases (Schubert et al., 2008; Cottin et al.,

2011; Smith et al., 2015; Black et al., 2018). In the older population, six months of

supplementation (3.36 g per day) brought benefits in the form of an increased muscle mass

(+3.6%) and strength (+4%) (Smith et al., 2015). In another study seven days of 3 g per day

omega-3 PUFA supplementation decreased soreness after eccentric exercise (Jouris et al.,

2011). Positive results in muscle recovery and training adaptation were reported in similar

studies (Lembke et al., 2014; Corder et al., 2016; Tsuchiya et al., 2016). Omega-3 PUFAs

supplementation seems to be beneficial also for professional athletes. Group of professional

Rugby Union players who digested 1546 mg of omega-3 PUFAs twice a day for 5 weeks

resulted in a moderate beneficial effect on lower body muscle soreness, better maintenance of

countermovement jump performance and moderate reduction in fatigue during pre-season

training (Black et al., 2018).

In addition to these benefits, omega-3 PUFAs supplementation may also carry benefits

for patients with TBI. Fish oil supplementation in a rat model of multiple mild TBI showed

that pre-injury intake improves recovery of body weight and provides a small improvement in

cognitive performance (Wang et al., 2013). Another study with rodents suggests that omega-3

PUFA supplementation attenuates the inflammatory response by modulating microglial

polarization, leading to neuroprotective effects following experimental traumatic brain injury

(Chen et al., 2018). Diet supplemented with omega-3 PUFAs before TBI can provide

protection against behavioral dysfunction, hippocampal neuronal loss, inflammation, loss of
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myelination and impulse conductivity, reduced plasticity and impaired learning ability which

are consequences of injury (Wu et al., 2004; Pu et al., 2013; Mills et al., 2011; Begum et al.,

2014). In a study conducted on the human population (n = 40), a DHA (docosahexaenoic acid,

an omega-3 fatty acid) group of children (mean age 16 years) took 2000 mg of DHA per day

after sport-related concussion for 12 weeks. Compared to the PLACEBO group, subjects in

the DHA group were symptom-free 4 days earlier (16.1 vs. 20.9 days, p=0.082) and were

cleared to begin a return to play progression (21.4 vs. 23.4 days, p=0.115) sooner. One

nontoxic outcome (excessive burping) was observed, however follow up was poor in the

DHA group (50%, n = 10) when compared to the placebo during the 12 weeks. The reason for

poor follow-up on week 12 was not specifically identified by authors. This may have been

due to faster symptom relief, and patients were allowed to return to play within 4 weeks,

resulting in no further follow-up at week 12. (Miller et al., 2019).

Whether omega-3 PUFAs are effective mainly as a prophylactic treatment should be

considered. To further evaluate the therapeutic potential of omega-3 PUFA in TBI, additional

studies evaluating the efficacy of this supplement with delayed administration in secondary

damage of TBI are warranted. While this may be the limitation in the general population, in

populations exposed to TBI such as athletes or military personnel, omega-3 PUFA can

provide significant benefits, in physical performance and as a TBI prophylaxis, when

incorporated into the diet.

Magnesium

Patients with severe head injury are at high risk of developing electrolytes disorders

including hypomagnesemia (Polderman et al., 2000) which is an important determinant of

outcome following TBI through its effect on secondary damage (Nayak et al., 2018). While

preclinical studies in animal models have yielded promising results (Feldman wt al., 1996;

Browne et al., 2004; Bareyre et al., 2000; Heath and Vink, 1999; Hoane and Barth, 2002),

clinical trials have not been as optimistic. In a double-blind clinical trial reported by Temkin

et al. continuous infusions of magnesium for 5 days given to patients within 8 h of moderate

or severe traumatic brain injury were not neuroprotective and might even have a negative

effect in the treatment of significant head injury (Temkin et al., 2007). In another prospective

clinical study magnesium supply seemed to have some favorable influence on mortality and

intra-operative brain swelling without any significant adverse effects (Dhandapani et al.,

2008). Favorable outcome of good recovery or moderate disability at 3 months follow-up was
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observed in 73.3% patients who had received MgSO4, as compared with 40% in the control

group. The odds ratio (OR) was 4.13 (95% Confidence interval 1.39- 12.27) and the p value

was 0.009. The number of patients dead at 1 month was 13.3% and 43.3% in MgSO4 and

control groups respectively, which was statistically significant (OR 0.2, p=0.01). In contrast,

Wang et al. observed that a higher initial serum magnesium level is independently associated

with mortality in TBI patients (Wang et al., 2022). Patients after TBI with lower or higher

levels of serum magnesium have higher mortality. The meta-analysis conducted by Lyons and

Blackshaw found a lack of evidence for magnesium pharmacotherapy in severe TBI (Lyons

and Blackshaw, 2018).

In conclusion, studies showed that data in this field were conflicting and significantly

heterogeneous. The role of magnesium supplementation in TBI remains unclear. Further

studies are required to assess usability of magnesium in TBI and protocols to determine its

dosage.

Zinc

Zinc plays a variety of roles in the central nervous system. Fluctuations in its

concentration may lead to neurological diseases, alterations in behavior and abnormal CNS

development (Gower-Winter and Levenson, 2012). Athletes are at risk of suboptimal zinc

status despite higher dietary zinc intake, which can lead to anorexia, significant loss in body

weight, latent fatigue with decreased endurance and a risk of osteoporosis (Chu et al., 2018,

Micheletti et al., 2001).

The subject of consideration is whether zinc in TBI is neurotoxic or neuroprotective

(Levenson, 2020). It was observed that early in the post-injury course of head trauma patients

serum zinc concentration is significantly reduced while urine zinc concentration is elevated

(McClain wt al., 1986). Zinc supply in preclinical studies has shown promising results in

animal models with TBI (Doering et al., 2010).

In a study conducted on rats, animals that were fed the zinc supplemented diet for 4

weeks after TBI showed significantly attenuated increases in adrenal weight (p<0.05) as well

as reduced depression-like behaviors (p<0.001). Moreover, zinc supplementation prior to

injury improved resilience such that there was significant improvements in cognitive behavior

compared to injured rats fed a zinc-adequate diet (p<0.01) as well as there were no significant

differences between supplemented and sham-operated rats in Morris water maze performance
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at any point in the 10-day trial. (Cope et al., 2011) It suggests that supplementation of this

mineral has protective properties in the aftermath of TBI.

In a randomized, prospective, double-blinded controlled trial of supplemental zinc

versus standard zinc therapy after severe head injury Young et al. observed that zinc

supplementation during the immediate postinjury period is associated with improved rate of

neurologic recovery and visceral protein concentrations (Young et al., 1996). Morris and

Levenson showed that use of dietary and parenteral zinc supplementation as a treatment

following brain injury improved neuropsychological function (Morris and Levenson, 2013).

Zinc supplementation should be taken into consideration in TBI treatment, however it

requires further studies and clinical protocols to establish a dosage regimen.

Conclusions

Creatine is a supplement with many positive effects both in terms of physical

performance and cognitive functions. Its supplementation also has been proven safe. This

compound may be useful in alleviating secondary damage after TBI as well as in protecting

against damage if administered pre-injury.

Omega-3 PUFA supplementation improves peripheral neuromuscular function and

aspects of fatigue in athletes. Its intake pre-injury improves recovery of body weight and may

provide an improvement in cognitive performance and faster symptom relief after TBI.

Serum magnesium level appears to be important after head injury, but the role of

magnesium supply in TBI remains unclear. In contrast, serum zinc concentration is decreased

after TBI, but its administration may be beneficial in terms of neuroprotection.

The role of supplementation with creatine, omega-3 PUFAs and zinc appears to be

important in mitigating secondary damage after TBI, as well as in protecting against damage

if administered before injury. In populations with a higher risk of TBI of particular note are

athletes who are using supplements in their daily routine to improve physical performance, as

taking them pre-injury can provide a better outcome after incidence. This additional, however

very important benefit of supplements intake may decrease incidence or intensity of adverse

effects of TBI such as cognitive impairment, increased brain excitability, cellular damage,

loss of myelination, behavioral dysfunction, depression-like behaviors, hippocampal neuronal

loss and inflammation.

Because of the complex and multifactorial nature of the TBI more studies are required

to constitute an effective nutrition-based strategy for reducing the cognitive and behavioral
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deficits associated with this injury. The evidence supporting multiple dietary components to

improve a patient's outcome seems strong and the cost of its implementation is low. The main

challenge is to perform well designed clinical studies to define optimal dosage and compare

single and multiple dietary components.
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