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When mild traumatic brain injury (mTBI) occurs following an impact on the head or body, the brain is disrupted leading to a series of metabolic events that may alter the brain's ability to function and repair itself. These changes may place increased nutritional demands on the body. Little is known on whether nutritional interventions are safe for patients to implement post mTBI and whether they may improve recovery outcomes. To address this knowledge gap, we conducted a systematic review to determine what nutritional interventions have been prescribed to humans diagnosed with mTBI during its acute period (<14 days) to support, facilitate, and result in measured recovery outcomes.

Methods: Databases CINAHL, PubMed, SPORTDiscus, Web of Science, and the Cochrane Library were searched from inception until January 6, 2021; 4,848 studies were identified. After removing duplicates and applying the inclusion and exclusion criteria, this systematic review included 11 full papers.

Results: Patients that consumed enough food to meet calorie and macronutrient (protein) needs specific to their injury severity and sex within 96 h post mTBI had a reduced length of stay in hospital. In addition, patients receiving nutrients and non-nutrient support within 24–96 h post mTBI had positive recovery outcomes. These interventions included omega-3 fatty acids (DHA and EPA), vitamin D, mineral magnesium oxide, amino acid derivative N-acetyl cysteine, hyperosmolar sodium lactate, and nootropic cerebrolysin demonstrated positive recovery outcomes, such as symptom resolution, improved cognitive function, and replenished nutrient deficiencies (vitamin D) for patients post mTBI.

Conclusion: Our findings suggest that nutrition plays a positive role during acute mTBI recovery. Following mTBI, patient needs are unique, and this review presents the potential for certain nutritional therapies to support the brain in recovery, specifically omega-3 fatty acids. However, due to the heterogenicity nature of the studies available at present, it is not possible to make definitive recommendations.

Systematic review registration: The systematic review conducted following the PRISMA guidelines protocol was registered (CRD42021226819), on Prospero.
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Introduction

Mild traumatic brain injury (mTBI) is responsible for up to 90% of all traumatic brain injuries (TBI) globally (1–3). However, this figure is likely to be underestimated because many mTBIs go undiagnosed or unreported (1–4). Mild TBI is identified by an impact, directly or indirectly to the head from an external physical force (3–5), with a Glasgow Coma Scale (GCS) score between 13 and 15. In addition, various physical (e.g., a loss of coordination and/or vomiting) and cognitive (e.g., confusion and/or memory loss) impairments may occur, along with temporary amnesia (6–8).

These cognitive, sensory, behavioral, emotional, and physical disturbances following mTBI affect functioning of the brain and may lead to long-term impairments if not treated and managed correctly (3, 6, 9–13). It may take time for injury symptoms to manifest, and severity will vary. Nevertheless, most individuals should recover within 1–3 months (14, 15). Incidence of mTBI can occur following a wide range of events, from a motor vehicle accident, a fall, assault, a military blast, as well as collisions in sport, or children playing. As a result, mTBI affects people of all ages and sex (4, 6, 16, 17).

In response to mTBI, a cascade of secondary neurometabolic events occur which can create functional disturbances, imbalances between cellular ions (Na+, K+ and Ca2+), an overproduction of free radicals, and result in an “energy crisis” (18). During the “energy crisis,” metabolic homeostasis, energy metabolism, and blood flow processes are disrupted. This energy supply and demand mismatch results in hypermetabolic events such as hyperglycemia, protein catabolism, and as a consequence, result in a hypometabolic cellular states (18, 19). The intracellular flux of ions (Ca2+) contributes to mitochondrial dysfunction, oxidative stress, neuroinflammation, cellular damage and in some cases death (7, 12, 19, 20). Romeu-Mejia et al. (12) provide a detailed account of TBI pathophysiology; consequent neuroinflammation, blood-brain barrier disruption, cell membrane damage and death (12).

During the secondary phase of injury, free radical production, oxidation, and inflammation accelerate aiming to protect the brain, restore functioning and undo intracellular damage (20, 21). As a result, these changes increase the brain's need for anti-inflammatory and antioxidant nutrients. However, oxidation can become damaging and deplete cellular antioxidant levels if prolonged; promoting further metabolic disruption and neuroinflammation, which is associated with the worsening of symptoms, their duration, and the risk of developing persistent post-concussion syndrome (PCS) (20, 22). Inflammatory responses will be initiated to provide neuroprotection but, if prolonged, will hinder brain recovery and result in PCS (18, 23, 24). Therefore, if not correctly managed these originally positive mechanisms (free radical production and inflammation) could create an environment for a secondary impact to occur, poor recovery, tissue damage and subsequent cell death - a concern for cases that go undiagnosed (19, 25). These metabolic changes, as a result, will significantly increase patients' energy and nutritional demands following an impact resulting in mTBI.

Following mTBI the majority of patients will recover. Recovery is defined clinically through the resolution of symptoms (via SCAT5 and symptom severity scores), illustrating cognitive and physical functioning, which will permit them to begin returning to normal daily activities, such as school, work, and sport (8, 14, 26–28). However, this does not account for neurobiological recovery. Individual symptoms are thought to resolve within 10–14 days (8, 29), however research has found that less than half of patients do so with a majority recovering from day 28 (27, 30) to 33 (31, 32) post mTBI. Present mTBI recovery protocol advice for patients is to follow a period of cognitive and physical rest for 24–48 hours (h), to improve symptoms and reduce metabolic brain demands. Following this initial rest, patients are encouraged to gradually resume normal daily cognitive and physical activities (including screen time) at a pace that does not worsen or generate new symptoms (8, 26, 31, 32). At this moment, mTBI treatments and therapy recommendations are limited. In addition, the present 2016 consensus sports statement (8) provides little evidence on using pharmacological agents or medications and at present does not advise implementing nutrition as support or strategy for acute mTBI recovery (7, 8, 25, 27, 31, 32).

A significant body of scientific knowledge is published on the role of nutritional strategies in optimizing brain development and supporting repair and function throughout life (33–37). In addition, a patient's initial nutritional intake and diet quality will influence the availability of energy and nutrients to mediate metabolic alterations and provide support to the brain post-injury (21); highlighting the role nutritional protocols play in supporting acute repair and recovery (<14 days approx.), and potentially prevent the prolonging and worsening of outcomes post mTBI (11, 38–40). However, research is limited on what nutritional support(s) is safe and effective for humans (19, 41–43) to implement post mTBI. Instead, research using nutrient and non-nutrient therapies for acute mTBI recovery has been carried out in preclinical studies and animal-based (7, 40) trials using enhanced feeding or supplement protocols. Studies have found water-soluble vitamins B and C and fat-soluble vitamins E and D, omega-3 fatty acids, minerals zinc and magnesium, curcumin, melatonin, and enzogenol effective (19, 20, 25, 43–47) in improving neurological, cognitive, and molecular recovery outcomes.

Therefore, this systematic review aimed to address this gap, to examine the current evidence on nutritional interventions prescribed to humans who have been clinically diagnosed with mTBI during its acute period (<14 days) to support, facilitate, and result in a measured outcome(s) of recovery.



Methods

This review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (48) and registered on the International Prospective Register of Systematic Reviews (PROSPERO CRD 42021226819). The review question, Population, Intervention, Comparison, Outcomes and Study (PICOS), inclusion and exclusion criteria, and search terms are presented in Table 1 and were used to support the review, provide transparency, and minimize bias.


TABLE 1 PICOS-model and Medline search strategy in accordance with PRISMA statement.
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Search strategy

The literature search was performed using the electronic databases CINAHL, PubMed, SPORTDiscus, Web of Science, and the Cochrane Library. The search strategy consisted of three phases to create terms following PICOS criteria. The main search concepts were mild Traumatic Brain Injury (mTBI), Nutritional interventions and Recovery outcomes. Phase I, II, and III included database searching, developing and applying key search terms, synonyms, and related terms specific to each concept, which were then refined (Table 1) and employed in the final searches on January 6, 2021, performed by three authors (EF, LR, ED). Citations were exported to an Endnote X9 library, and print screen records were saved for each database (Supplementary material 1). No publication date restrictions were used in the search process. Table 1 presents the final search terms, resulting in a total of 4,848 identified articles of potential interest (Figure 1; PRISMA).
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FIGURE 1
 Preferred Reporting Items for Systematic Reviews and Meta-analysis flow diagram of the studies included in the review (48).




Eligibility criteria

The eligible articles were required to meet the following inclusion criteria:

(1) Studies involving human(s) (children and adolescents <18 years and adult populations ≥18 years), clinically diagnosed with a concussion/mTBI (with a GCS 13–15), due to a known or reported mechanism.

(2) Study participants received nutrition or a nutritional intervention following injury onset or diagnosis within the acute phase (<14 days) (8, 49).

(3) Published original research [with a study design including retrospective, cross-sectoral, quasi-experimental, parallel, randomized controlled trial (RCT), systematic reviews, observational studies, abstracts (with data), and pilot/feasibility studies].

(4) Measured an outcome of acute recovery [in this review, concussion/mTBI recovery is defined within 10–14 days for adults and 0–28 days for children post-injury onset (28, 50)].

(5) Written in the English language.



Study screening

The 4,848 identified articles exported to EndNote X9 (Clarivate, USA) were screened (see Figure 1). Duplicate records were identified and removed, screening for study inclusion commenced, based on titles, abstracts, and full papers. During each stage, studies were coded and recoded using a hierarchy of exclusion criteria created by authors per PICOS; (1) duplicate (D), not a (2) population of interest (NP); (3) intervention of interest (NI); (4) outcome of interest (NO); (5) study of interest (NS), (6) English (NE), and (7) miscellaneous (M). Studies that passed the seven criteria were coded INC and included for next stage analysis; those coded “M” also passed for further investigation because the rationale to exclude or include was unclear. The collection, initial screening, and coding according to hierarchy of exclusion was carried out by one researcher (EF) with random checks throughout by two researchers (ED, LR) for consensus on article exclusion and inclusion. The final stage of full paper analyses and coding was conducted by three researchers (EF, LR and ED), ensuring coherence, and minimizing risk of error and bias.



Data extraction

Data extraction was performed by EF using a modified National Health and Medical Research Council (NHMRC, Australia) template tool for cohort and RCT studies (51). Relevant data were identified as follows and extracted, such as author details, study design, population characteristics, and nutrition/nutritional intervention detail (type, control conditions, timing, sample, dosage and duration), recovery outcome measures employed [return to play (RTP), length of stay (LOS), GCS, symptom resolution, cognitive and balance tests], and noteworthy results from each publication. Study design and nutrition intervention types varied, and data were lacking in three included RCT abstract publications investigating the use of Docosahexaenoic acid (DHA) and/or Eicosapentaenoic acid (EPA), and combined DHA for recovery outcomes post-concussion/mTBI. In some incidences, abstracts did not provide detail on the specific dosing protocols, injury events/mechanisms, sample sizes, sex breakdowns, and adverse outcomes. Therefore, the researcher (EF) supplemented missing abstract data with details from relevant clinical trial registrations (50, 52, 53) where possible. Additionally, the relevant authors were also contacted to request final publication data, given insufficient quantitative data presented in the abstracts. However, publications were not available. Therefore, it was not feasible to perform a meta-analysis with the results due to deficient data and a qualitative analysis was carried out instead.



Quality assessment and risk of bias

Quality appraisal of all included publications was performed using the Academy of Nutrition and Dietetics Evidence Analysis Library Quality Criteria Checklist (2016) (54). This checklist assessed quality using four relevance and 10 validity type questions. The criteria were independently checked by researchers (EF, LR), and studies were assigned a “yes,” “no” or “NA” response. Each study was required to meet four specific validity questions: use of participant selection, study group comparability, detailed intervention and control conditions, defined outcomes and measures used and any of the other six criteria. Studies were designated either a positive, neutral, or negative rating based on the answers to the 10 questions. Any discrepancy was discussed and resolved by consensus with a third researcher (ED). The quality of each study was considered further during the analysis of results. Quality rating results are presented in Supplementary material 2.




Results

The PRISMA flow diagram (Figure 1) displays the results of the search. A total of 4,848 citations were identified, screened for eligibility, with 54 studies relevant for full-text reading and evaluation. Eight studies met the full inclusion criteria, containing seven trial interventions and one systematic review, revealing one extra intervention (5). Reference list hand searching provided three additional studies. A total of 11 studies were reviewed, and the final results are presented in Table 2 [Characteristics of studies included (n = 11)] and Table 3 (Detail of included studies). Quality assessments resulted in nine “positive (+)” and two “neutral (ø)” studies rated outcomes using the Academy of Nutrition and Dietetics (ADA) checklist (2016).


TABLE 2 Characteristics of the studies included in the review (p = 11) including study objective.
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TABLE 3 Detail of included studies (n = 11).
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Characteristics of included studies

Eleven studies investigated nutritional interventions employed post-concussion/mTBI onset during the acute and subacute phases in humans, aiming to improve recovery outcomes (Table 2). Studies were published from Malaysia (57), the United States (55, 56, 58, 61, 63, 64), Indonesia (59), China (60), Iraq (5) and Asia (62), between 2009 and 2020. There were eight publications reporting seven different RCTs (5, 55, 58–61, 64) (full publication); (63) (methods and preliminary results), of which one had a prospective design (59). In addition, there was one randomized cohort trial (56), one retrospective trial with a controlled intervention (62), along with one observational intervention (57). The nutritional interventions studied the supplementation of omega-3 polyunsaturated fatty acids (PUFAs); DHA (55, 58), EPA (61), vitamin D (62), magnesium oxide (56), N-acetyl cysteine (NAC) (5) and nootropic citicoline (63, 64), and infusions; hyperosmolar sodium lactate (HSL) (59) and nootropic cerebrolysin (65). The observational study focused on the calorie and protein intakes of patients during their stay in the hospital (57). The studies represent 1,908 patients in total; 1,807 (94.7%) were offered a nutritional intervention, 1,432 were diagnosed with mTBI, and/or had a GCS rating of 13–15. Patients ranged in age from 12 years (56) up to 75 years (60), 73.3% were male (n = 1,324), 25% Female (n = 451), and 2% (n = 32) did not disclose sex breakdown (56, 61). More than half reported that patients sought care from hospital surgical wards, emergency departments and trauma clinics; 79.4% did so within 24 h (59–61, 63, 64), and 43% within 96 h (5, 55, 56). A detailed summary of included studies that implemented nutritional interventions, and outcomes are presented in Table 3.




Results synthesis - description of nutritional interventions


Supplementation protocols
 
Omega-3 fatty acids

Three human RCTs investigated omega-3 fatty acids, specifically DHA, to determine its role in acute recovery following a sports related mTBI/concussion in pediatric (55) and adult populations (58, 61) when administered within 24–120 h post-injury onset. Miller et al. (55) trialed a daily dose of 2,000 mg DHA over 12 weeks (n = 40); for symptom resolution, sooner commencement, and RTP outcomes following sport-related concussion (SRC). DHA led to positive outcomes for return to sport (RTS) initiation (14 vs. 19.5 days) and RTP initiation (21.4 vs. 23.4 days) for patients compared to placebo. Average compliance was 63.96%, and there was one nontoxic outcome (excessive burping), however follow up was poor in the DHA (50%, n = 10) group when compared to the placebo during the 12 weeks. Authors did not specifically identify the reason for poor follow-up on week 12. It could have been because the patients' symptoms resolved early and were cleared for RTP within 4 weeks, resulting in them not following up at week 12. Bica et al. (58) randomly assigned student athletes (n = 55) diagnosed with a mTBI; 2,200 mg of DHA [39.1% female (n = 9), 60.9% male (n = 14)] or a placebo [40.6% female (n = 13), 59.4% male (n = 19)] treatment for 30 days post-injury. There were seven (55 out of 62 were included) patients excluded from this study as they did not RTP within the anticipated 30 day period. RTP took from 6.2 to 12 days (9.1 ± 2.9 days) for the DHA group and 6 to 15.4 days (10.7 ± 4.7 days) for the placebo group (p = 0.397); and the average compliance was 83.61%.

The OPTIMA-TBI pilot intervention by Falk et al. (61) focused on neuroprotective outcomes in patients (n = 15) who received an omega-3 combined [1,000 mg (500 mg DHA and 100 mg EPA)] or placebo (olive oil) supplement treatment post mTBI. Patients in the omega-3 treatment group received a tiered dose of 6,000 mg for 4 weeks and 1,200 mg for 8 weeks. Symptom resolution took a median of 12.5 days, and complete resolution occurred within 30 days (92.8%), and no significant side effects were reported. Symptoms reported by patients include headaches, dizziness, difficulty thinking, nausea, fatigue, and phobias. Patients also reported that the number of capsules in each dose was difficult to swallow, creating barriers to their adherence. The OPTIMA-TBI pilot abstract is deficient in group allocation, their sex breakdown, biomarker outcomes, the extended Glasgow outcome scale (GOS-E) and cognitive result details; all of which are needed to evaluate the actual effect of omega-3 fatty acids DHA and EPA in acute mTBI recovery accurately.



Vitamin D

Lee et al. (62) performed a retrospective investigation of patients' vitamin D levels in the acute phase post TBI. A total of 94% (n = 327) of patients were vitamin D deficient (30 ng/ml), with average serum levels of 13.62 ± 9.01 ng/ml, and 80.87% (n = 279) were diagnosed with a mild to moderate TBI. Serum levels were measured 3 months later, in 70.7% (n = 244/345) of patients who had received a vitamin D (n = 180) or no supplement (n = 64) intervention to support TBI recovery. The vitamin D group received 100,000 International units (IU) of cholecalciferol intramuscularly (via injection) followed by 20 IU alfacalcidol (via tablet) the next day if it was viable. Patients who received vitamin D had significantly improved serum levels from baseline 14.03 ± 8.68 ng/ml to 37.42 ± 12.57 ng/ml at week 12 (p = < 0.001). Recovery rates were measured using the GOS-E; in those patients receiving vitamin D, scores had significantly improved (p = 0.020) from week 1 (6.75 ± 1.40) to week 12 (7.43 ± 1.09). Patients' cognitive recovery outcomes were measured using the mini-mental state examination (MMSE) and the clinical dementia rating (CDR) tests. Those that received a vitamin D supplement (24.1 ± 7.3) had improved MMSE (p = 0.045) scores vs. the control group (21.6 ± 8.3) and presented greater overall rates of recovery over the 12 weeks (p = 0.042). CDR scores improved for both groups; patients who received vitamin D progressed from 1.10 ± 1.13 at week 1 to 0.82 ± 1.01 at week 12, and the control group increased from 0.94 ± 1.10 to 0.90 ± 1.23. However, the vitamin D group did present the most effective recovery rate for CDR (p = 0.044) scores. Findings were positive, highlighting that vitamin D supplementation following mild to moderate TBI may improve patients' long-term performance and cognitive outcomes.



Magnesium oxide

Standiford et al. (56) examined the effects of acute magnesium oxide supplementation post-concussion/mTBI for improving symptoms and resulting in a return to functional baseline time in pediatric adolescents (n = 17). Patients were randomly assigned either 400 mg magnesium oxide and Tylenol 500 mg (n = 9) or 500 mg Tylenol only as control (n = 8), in tablet form twice daily for 120 h/5 days following their mTBI diagnosis. Patients receiving magnesium had greater post-concussive symptom severity (PCSS) score improvements. Patients receiving the magnesium treatment baseline scores went from a mean of 49 [standard deviation (SD) = 23] to 29 (SD = 17) within 1 h (a score reduction of 20 marks); 23 (SD = 18) at 48 h (a further 6 marks); and 7.6 (SD = 9) by the final 120 h (a final 15.4 marks). The placebo treatment baseline scores ranged from; a mean of 48 (SD = 19) to 41 (SD = 26) within 1 h (a score reduction of 7 marks); 28 (SD = 19) at 48 h (a further 13 marks); and 19 (SD = 21) by the final 120 h (a final 9 marks). The most significant symptom score decrease occurred at 48 h for patients in the magnesium (p = 0.016) group. Patients follow up was poor; 50% dropped out and disregarded treatment plans due to reported symptom improvements and resolution.



N-acetyl cysteine

Hoffer et al. (5) conducted a RCT investigating the potential effects of amino acid derivative N-Acetyl Cysteine (NAC) in treating blast induced mTBI outcomes for military patients (n = 81). There were two intervention groups: early treatment “B” within 24 h (n = 29) and delayed treatment “D” within 72 h (n = 12), both receiving a loading 4,000 mg dose of NAC orally within 72 h of the blast exposure, followed by 4,000 mg daily for 4 days. Groups also received 3,000 mg daily for three additional days. The patients in the placebo groups (A and C), were administered 500 mg tablets following the same 7 day protocol as in the NAC groups. The primary outcome was to resolve patients mTBI related symptoms, such as dizziness, hearing loss, headache, memory loss, sleep disturbances and neurocognitive dysfunction by day 7. Compliance was 100% in NAC groups; and 86.2% of the patients who received early treatment had full symptom resolution (n = 25), while 13.8% (n = 4) had 1–2 symptoms remaining at day 7. Those who received NAC later, 16.7% (n = 2) had full symptom resolution, and 83.3% had 1–3 symptoms lingering (n = 10) at day 7. Neurophysiological Trail Making Tests A and B (TMTA & B) improved significantly for the NAC (B&D) groups, which was equivalent to age-based norms. The placebo group's scores were poor at day 7 (p = 0.05); many patients were symptomatic for a prolonged timeframe, 88.9% of those in group A and 58.1% in group B reported still expiring up to five lingering symptoms (p = 0.006). Those receiving late interventions of NAC+ (group D, 83.3%) or placebo (group A, 88.9%) also reported expiring up to 3–5 lingering symptoms on day 7. Overall, an early (within 24 h) treatment of NAC (group B) was most effective at reducing “no. of day seven symptoms” compared to placebo (group C, NAC–) or those receiving late (group D, NAC+ or group A, NAC–) intervention within 72 h (p = 0.005) following mTBI.



Nootropic citicoline

Citicoline, an endogenous nootropic was investigated to provide neuroprotection, facilitate and enhance recovery for those who had sustained a mTBI (63, 64). The two studies included are part of the Citicoline Brain Injury Treatment (COBRIT) multi-center trial, which aims to positively affect functional and cognitive status in patients diagnosed with a Complicated mild (C-mTBI), moderate, or severe TBI using citicoline as a treatment. The 2009 CORBIT publication provides preliminary data on the study rationale, design and methods, and characteristics of the patients enrolled (77%, n = 800/1,292) at that timepoint (63). The 2012 publication (64) details phase III of the RCT and includes full patient enrolment and treatment data (n = 1,213). Patients were randomized within 24 h, receiving either 2,000 mg of citicoline via 500 mg capsules (n = 607) or placebo capsules (n = 606) twice daily, throughout the 90 day study period. Patients with complicated mTBI (C-mTBI) accounted for 66.6% (n = 807) of all cases; of which 66.4% (n = 403) received citicoline and 66.6% received the placebo (n = 404). Functional status and cognitive performance outcomes were measured using the Clinical Trials Network's Core Battery, which included nine specific tests [TMTA & B, GOS-E, Controlled Oral Word Association Test (COWAT), California Verbal Learning Test II (CVLT-II), Processing Speed Index (PSI) and the Digit Span and Stroop tests (1 and 2)]. These primary and secondary outcome tests were performed on days 30, 90, and 180 following patient's enrolment and randomization. On day 180, additional tests were performed to measure survival rates and treatment results. These tests included the Brief Symptom Inventory (BSI) psychological and wellbeing self-report, the Disability Rating Scale (DRS) and the Satisfaction with Life Scale (SLS). Between days 90 and 180, there were no significant differences in Core Battery test results and recovery outcomes post-treatment for either group, although positive outcomes were measured. GOS-E improved by 35.4% for citicoline (n = 180/607) and 35.6% for placebo (n = 181/606) group patients with moderate/severe and C-mTBI (90 day follow up). The additional Battery Test scales improved; from 37.3% to 86.5% for citicoline and 42.7% to 84.0% for placebo, presenting no significant differences between groups. Both groups were statistically similar (p = 0.76) at the day 90 evaluation [global Odds Ratio (OR), 0.98 (95% CI, 0.83–1.15)]. There was no significant treatment effect for the severity subgroups, specifically C-mTBI [p = 0.12; OR, 0.89 (95% CI, 0.72–1.49)]. At day 180 groups Battery Test results did not differ (p = 0.13), OR, 0.87 (95% CI, 0.72–1.04). However, post hoc day 180 analysis showed that the placebo did significantly better than citicoline (p = 0.004), OR, 0.72 (95% CI, 0.56–0.91) when comparing treatment and severity (using GCS) interactions for C-mTBI cases. Serious events were reported (n = 316), patients died (n = 73), 19% were C-mTBI deaths (n = 14) and both groups had similar overall survival rates (p = 0.17). The COBRIT study indicates that nootropic citicoline was not a superior acute or post-acute treatment for participants who suffered a broad range of GCS defined TBI severities.




Nutrient infusions
 
Lactate and cerebrolysin

Two studies investigated the effect of implementing a nutrient infusion within 24 h after a TBI for cognitive recovery. Bisri et al. (59) conducted a prospective RTC using an infusion of hyperosmolar sodium lactate (HSL) in mTBI patients (n = 30/60) undergoing emergency neurosurgical procedures. Recovery outcome of cognitive function was of interest following mTBI and was measured using the MMSE questionnaire post-surgery (24 h, day 30 and 90). Groups received a 1.5 ml/kg body weight (BW) dose of HSL 3% or control hyperosmolar sodium chloride 3% solution (HSS) infusion within 15 min of surgery, followed by a maintenance infusion of NaCl 0.9% (dose of 1.5 ml/kg BW/h) during surgery. The HSL group had significantly improved MMSE scores at all measured time points compared to the HSS group (p = < 0.001). MMSE scores ranged from 16.00 (13.75–18.00) at baseline, to 21.00 (18.75–22.00) 24 h later, 25.00 (23.75–26.00) on day 30, and 28.00 (27.00–29.00) 90 days post-surgery for the HSL group. In comparison in the HSS control group scores ranged from 16.00 (13.75–18.00) at baseline, to 16.00 (14.00–18.00) 4 h later, 17.50 (15.75–20.00) at day 30 and 18.50 (16.00–21.00) 90 days post-surgery. The HSL infusion increased MMSE scores more rapidly than the HSS (p = 0.001), confirming that the 1.5 ml/kg HSL infusion is more effective and improves cognitive function for patients post-mTBI.

Chen et al. (60) conducted a pilot RCT of a noorotrophic cerebrolysin infusion intervention on patients within 24 h after sustaining mTBI (n = 32) for 5 days to improve their cognitive function. The intervention group (n = 17) received 30 ml of cerebrolysin, and the control group (n = 15) received 30 ml of saline both for 60 min daily. Outcomes were measured using the Cognitive Abilities Screening Instrument (CASI) and MMSE at baseline, weeks 1, 4 and 12. There were no significate differences present between CASI (p = 0.1861) or MMSE (p = 0.1431) initial scores at baseline for both groups. There were significant improvements in CASI scores (p = 0.0461) from baseline to four (p = 0.005), and 12 (p = 0.003) weeks post-mTBI among patients receiving cerebrolysin. In contrast, MMSE scores were not as significant between the groups (p = 0.111). CASI outcome mean scores for cerebrolysin were 5.2 (±8.9 SD) at week 1, 13.3 (±14.5 SD) at week 4 and 21.0 (±20.4 SD) at week 12, which was the most significant improvement (p = 0.0461). The placebo group mean scores were 1.6 (±6.8 SD) at week 1, 7.9 (±11.6 SD) at week 4 and 7.6 (±12.1 SD) at week 12. CASI domains significantly improved for cerebrolysin, especially from baseline to week 4; (p = 0.005) and week 12 (p = 0.003). Cognitive domains presented notable improvements for patients in the cerebrolysin group. It was measured that their drawing (p = 0.066) during weeks 4 and 12, their long-term memory (p = 0.0256), and abstract thinking (p = 0.0662) at week 12 (p = 0.0472) had all improved.




Acute caloric and macronutrient intake post mTBI

Abdullah et al. (57) conducted an observational intervention looking at the calorie and macronutrient intakes of patients hospitalized after sustaining a TBI. In order to prevent underfeeding and unsuited dietary management practices, researchers wanted to determine an accurate nutritional baseline requirements to support patients during their length of stay at hospital and recovery post TBI. After sustaining a mild/moderate TBI, the brain enters a hypermetabolic period, energy and nutrient needs heighten and may become compromised. However little known on patients' specific energy and nutritional requirements during this acute period after sustaining an mTBI; therefore, this observational data will help inform early and appropriate Medical Nutrition Therapy (MNT) practices. There were 50 patients enrolled in this intervention; of these, 92% (n = 46) had sustained mTBI and, during enrolment, patients performed a 24 h dietary recall and a food intake diary which they continued to keep during their length of stay (LOS) at hospital following injury onset (between 1 to 8 days). Researchers analyzed patients dietary recall data and calculated calorie and protein estimations to that confirmed that medians of 2,232 calories [kcal; Inter Quartile Range (IQR) = 1,977–2,403 kcal] and 121.3 g/day of protein (IQR = 108.2–130.0 g) daily would be adequate for meeting patients' recovery needs. Patients' calorie and macronutrient intake, especially protein, were outcomes of interest on admission and during their LOS (3–8 days). On day 1, patients consumed on average 516 kcal, 23.1% of estimated recommendation (IQR 0.0–53.8) and 18.0 g of protein, 14.8% of estimated recommendation (IQR 0.0–40.6), which was low. By patients' day of hospital discharge day (3–8 days) patients' intakes had increased. Patients reported on average consuming 1,674 kcals, 75.0% of their estimated caloric needs (IQR 64.1–84.5), and 74.4 g of protein, 61.3% of their estimated (IQR 53.6–70.4) requirements. A total of 42% (n = 21) of patients were discharged by day 3, while the remaining patients (n = 29) were discharged to go home by day 8. Patients' average daily calorie intake during their LOS was 55.2% (IQR 37.2–65.9), their average daily protein intake was 41.3% (IQR 28.2–52.2), and their overall average macronutrient intake was 55.5% carbohydrate, 17.3% protein, and 27.2% fat. These data indicate that the type of TBI a patient sustained, its severity and their day of discharge from hospital were significantly linked to an increased calorie (p = 0.017 and protein (p = 0.013) intakes. Additionally, calorie intakes differed significantly on day of discharge, for females (n = 22) who were consuming fewer calories than males (p = 0.006). This observational research indicates that patients' food and nutrient intake during LOS at hospital post mild (92%) and moderate (16%) TBI were suboptimal and, as a result, may increase their risk of malnourishment and poor recovery outcomes, especially if patients do not receive appropriately planned MNT following their TBI injury onset and hospital stay.




Discussion

This systematic review sought to examine the current evidence on nutrition and nutritional interventions prescribed to humans clinically diagnosed with mTBI during its acute period (<14 days) to facilitate and result in measured outcome(s) of recovery. Included studies reported a diverse range of recovery measures and outcomes for patients during acute recovery periods 0–14 days for adults and 0–28 days for children post mTBI onset (8, 66). Nine out of the 11 included studies reported positive recovery outcomes utilizing nutritional interventions in those that sustained an mTBI (5, 55, 56, 58–62).

Following mTBI, patient needs are unique and therefore they should receive calorie and protein requirements tailored to their injury severity, sex and age to facilitate them in achieving optimal recovery (57). In addition, specific nutritional supplements and infusions administered during the acute period post mTBI onset may have a role in facilitating patients' recovery. In the present review intakes of nutrients and non-nutrients, including omega-3s fatty acids DHA and EPA (55, 58, 61), vitamin D (62), magnesium oxide (56), NAC (5), HSL (59), and nootropic cerebrolysin (60) demonstrated a positive effect on recovery outcomes for patients post mTBI. However, due to the diversity between interventions and the limited number of studies conducted in humans, a meta-analysis was not possible.

Post mTBI, the brain undergoes a sequelae of metabolic events and responds by over consuming energy and nutrients which as a result modifies patients' nutritional demands (18, 19, 21). In addition, during this period patients are often at a greater risk of sub optimal energy and nutrient intakes or may not have the stores to support these modifications further limiting repair and recovery. Consequently, patients' energy and nutrient intake post mTBI, especially in the acute phase, need to be managed to prevent and alleviate deficiency and, as a result, support brain recovery. Abdullah et al. (57) found that patients require tailored nutritional supports optimized to their injury severity [mild (92%) and moderate (16%)], sex and take post-injury limitations into account to facilitate them in meeting calorie and protein requirements post-trauma. In addition to preventing nutrient fluctuations, underfeeding, and unsuitable dietary management, this would facilitate patients' recovery, reducing LOS and malnutrition risk following their hospital discharge post injury (57).

Protein can support in repair, recovery, and metabolic control. Protein is made up of amino acids that play a fundamental role in supporting repair and healing of tissue, to inhibit tissue breakdown and atrophy. In response to mTBI, amino acid uptake accelerates, and so does protein breakdown to increase amino acids if they are not met with adequate nutrition (protein intake). Tissue stores (i.e., skeletal muscle) will be targeted, increasing amino acid availability to meet injury demands resulting in deficiency (65) and tissue atrophy for injured patients. However, an adequate energy and nutrient supply will help prevent this, supporting patients in meeting their acute post injury demands (41), and has been found effective for those who had sustained severe TBI (11, 43, 57). Presently there are no clear recommendations on calorie and protein intakes post mTBI. It is evident that patients post mTBI would benefit from a tailored menu and dietary guidelines to help them eat suitable calorie and nutrient-dense foods during their recovery (57).

Additionally, during this acute period, hormonal processes are disturbed which may impact patients' appetite and digestive function, limiting their ability to intake enough energy and nutrients from calorically and nutrient-dense foods (21). Consequently, the downregulation of digestion, and nutrient absorption in the intestines, may reduce the support available from food and nutrients to meet the brain's repair and recovery needs. In these situations, supplementation may be a helpful option to aid in mTBI recovery. Unlike food, supplements can be implemented quickly in absorbable forms that can work immediately in combination with prescribed rest and RTP protocols and therefore may facilitate patients in meeting their individual needs for optimal recovery outcomes post mTBI. However, it too should be noted that some supplements can contain nutrients in excess doses, which can have a negative effect on metabolism, recovery markers and patients' overall health.


Acute nutritional interventions to support mTBI recovery

Long chain omega-3 fatty acids DHA and/or EPA, supplemented within 24–120 h post mTBI were shown to facilitate symptom resolution and sooner RTP outcomes in three human trials (55, 58, 61). DHA and EPA are fatty acids obtained through the diet via certain fish and algae-based products and supplements (20, 29, 67); and benefit patients in supporting performance, recovery, and reducing illness and injury risks (68, 69). DHA specifically makes up 97% of all fatty acids found in the brain structure, and plays a vital role in brain development, cognitive functioning, and potential brain recovery. Despite this, current dietary intakes are poor amongst populations especially those in Westernized countries and athlete groups, resulting in low DHA levels in the brain, and a greater risk of worsened response and further depletion in the event of mTBI (70). Limited DHA availability will subsequently result in reduced neural protection (increase symptomology, oxidative stress, and inflammation) and cognitive recovery and repair support post mTBI (20, 29, 44, 71).

This review has highlighted the potential of omega-3 fatty acid supplementation to be used following mTBI to positively support acute recovery and prevent against negative outcomes associated with low DHA levels. Symptom resolution post mTBI is a key recovery indicator (8), and was measured specifically in patients who received 2,000 mg of DHA (55) or the combined tiered supplementation protocol of DHA and EPA (61). Symptoms of those that were treated with DHA began to resolve on average 16.1 days post supplementation: 4 days earlier than the placebo group (55). Similarly, patients receiving the combined DHA (500 mg) and EPA (100 mg) supplemental protocol, displayed a greater degree of symptom resolution, within an average of 12.5 days (between 9 to 25 days) after their enrolment, with complete resolution achieved by 92.8% of patients within 30 days (61). DHA supplementation, specifically doses of 2,000 mg (55) and 2,200 mg (58) resulted in a more rapid RTS (average 5.5 days) or RTP within 30 days for patients. Miller et al. (55) presented that the DHA group took an average of 14 days to start RTP, vs. placebo groups taking 19.5 days after enrolment. Bica et al. (58) found that the patients that received 2,200 mg DHA and had RTP within 30 days (n = 23/55), their RTP began within 6.2–12 days, and they reported no significantly different outcome improvements within 30 days compared to those that did not return within the 30 day study period. However, this did not represent the true effect that omega-3, DHA protocols had on all patients, as 20% (n = 6) were excluded from the results for not recovering or RTP within 30 days (58), and follow up was poor for those that RTP before week 12 (55) due to unknown reasons. In addition, patients' ImPact cognitive function and BioSway balance score were not presented.

In rodent studies, preinjury DHA intake of 2,000 mg (72) and fish oil (DHA and EPA) or enriched feeds (73, 74) resulted in reduced levels of serum neurofilament light (NFL), providing evidence of reduced axonal damage and neuroprotection in animals (rodents) post mTBI (75). Similarly, rodents fed omega-3 enriched diets, or supplements, immediately or 24 h post TBI had positive neurological and cognitive recovery, such as reduced oxidative stress, restored homeostasis, improved blood-brain barrier integrity and plasticity markers outcomes. Neural protective benefits were seen in animals that received both high and low doses, 740 mg/kg/day or 370 mg/day DHA infusion (76), fish oil (DHA and EPA) or an enriched feed of 10 mg/kg or 40 mg/kg (73, 74). However, these findings although promising are difficult to translate into safe human trials with evidence that mirror and confirm therapeutic approaches to facilitate acute mTBI recovery (8). Exact doses would have to be tailored to patients needs identified post injury to meet differing mass, sex, and recovery requirements (21, 72, 77). Omega-3 fatty acids, specifically DHA, could be a candidate for acute recovery in humans following mTBI despite being understudied. At present there is no consensus on omega-3 fatty acid supplementation recommendations, even for athletes playing in high-risk sub concussive sports. To date the only recommendation is from the Academy of Nutrition and Dietetics and it is not too specific to mTBI. It recommends the consumption of 500 mg DHA and EPA daily, via eating at least two servings of fish each week (75, 78).

Vitamin D is a fat-soluble vitamin and steroid hormone that plays a lesser-known role in neurodevelopment, neuroprotection, neurofunction and overall brain health (19, 79–81). Therefore, adequate serum vitamin D levels are important especially for those who encounter mTBI. Lee et al. (62) found that 94.8% of mTBI patients (n = 327) studied were severely deficient during injury onset, up until 12 weeks after receiving an intramuscular 100,000 IU supplement dose (62, 80). Patients' vitamin D levels had been below 25–30 nmol/L of serum/plasma 25(OH) D3 with blood concentrations levels as low as 13.62 ± 9.1 ng/ml (22.82–4.52 ng/ml); which provides evidence that they were deficient (59, 65, 82). Despite this, at the 12 week follow-up the patients who received 100,000 IU of vitamin D had increased serum levels and improvements in GOS-E performance and cognitive MMSE and CDR test scores, exhibiting long-term recovery outcomes. However, this did not occur during the acute recovery (<28 days) period, as many were deficient (94.8%) prior to intervention following mTBI.

Adequate vitamin D levels may have put patients in a more optimal recovery position in the event of mTBI (62), providing neuroprotection and support during the secondary injury and helping mitigate damage; by restoring cellular homeostasis and regulating ionic disturbances, free radical production, inflammation and damage (59, 83). In addition, if vitamin D supplements were administered to those not severely deficient during diagnosis, negative outcomes may have been reduced (59, 83). The deficient patients would be better supported if they received a treatment that replenished their specific vitamin D serum levels in the acute phase to provide neuroprotection and support recovery post mTBI.

Similarly, Sharma et al. (84) found that a 120,000 IU vitamin D dose can reduce inflammatory cytokine production in patients' serum, improve their GCS scores and levels of consciousness post TBI. In addition, evidence also suggests vitamin D may have a synergistic effect with progesterone, providing better recovery (60%) outcomes when taken in combination in humans with severe TBI than the hormone progesterone (45%) consumed as treatment in isolated (85). A combination of vitamin D has been beneficial in rodents for improving cognitive impairments and inflammatory events post TBI (86, 87). Meanwhile a vitamin D deficiency primes patients for poorer recovery post mTBI, leading to unregulated inflammatory and immune responses, reduced neuroprotection (81, 84) and increased risk of cell death (47, 87–89). In addition, deficiency can affect testosterone levels and increase patients post-traumatic stress disorder (PTSD) risk (84), resulting in chronic fatigue outcomes post TBI (80, 90). However, combined vitamin D (40 IU/kg) and progesterone (16 mg/kg) has been found to reduce inflammatory markers (cytokines), decrease brain oedema (by day 3), blood-brain barrier disruption (89) and cell death when tested on TBI models (43, 87). Therefore, the findings of Lee et al. (62) present an evidence-based argument to consider tiered supplementation tailored to patients' baseline vitamin D serum measures as a viable recovery support following mTBI diagnosis.

Magnesium supplementation (400 mg for 5 days) was effective as a post mTBI treatment, resulting in acute symptom improvements, especially 48 h following treatment and injury onset (56). Magnesium is a mineral responsible for cellular and enzymatic function; following mTBI, levels acutely drop in the brain, triggering a cellular crisis. This decline increases patients' risk of prolonged symptomology and poorer recovery outcomes. Therefore, an acute magnesium intake may replenish levels in the brain following mTBI and initiate symptomology improvements for patients, as measured by Standiford et al. (56). Since the patients' magnesium levels were not determined prior to injury or treatment, initial magnesium levels were unknown. Magnesium is primarily stored in body tissue, and for this reason is difficult to quantify from in the blood serum, with as little as 0.3% is found there (91). Regardless, during the cellular crisis (following mTBI), the brain becomes overloaded with Ca+ and glutamate, and magnesium levels deplete in the brain tissue, impairing cells' ability to function if levels do not replenish within 24 h (56, 92). This becomes an issue for those with below optimal levels during injury onset as the decline can persist for up to 3 days, and control the extent of metabolic events, oxidative stress, and anti-inflammatory responses post mTBI (92, 93). For this reason, restoring magnesium levels with a dose depending on patients' fluctuating serum levels would support neuroprotection regulating metabolic changes (94). Therefore, a pre-treatment may help reduce initial cellular depletion and prevent poor recovery outcomes (21). Although Standiford et al. (56) had a small sample size (nine intervention groups, total n = 17), patients' cognitive function and recovery outcomes improved 48 h after treatment. Therefore, these results suggest magnesium oxide may be a viable treatment option for improving the severity of symptoms and facilitating a quicker recovery and return to function following mTBI.

Additionally, magnesium's neuroprotective role has been consistently demonstrated in animal studies, unlike human interventions, which have been inconsistent due to limited evidence and robust protocols (43, 95). Nevertheless, Li et al. (96) did find that Magnesium Sulfate (MgSO4) was effective in improving performance measures (GOS scores) in severe TBI patient studies (96, 97). Dhandapani et al. (97) found MgSO4 [intravenous (4,000 mg) and intramuscular (10,000 mg) with continued 5,000 mg intramuscular dose every 4 h over 24 h] helped to improve performance [increased GOS scores (73.3 vs. 40%)], reduced mortality (13.3% vs. 43.3% within 1 month), and reduced brain swelling (29.4 vs. 73.3%) in humans with severe TBI (97).

Hoffer et al. (5) found NAC effective in mitigating acute symptoms experienced by humans' post blast mTBI. Especially for those that had received treatment within 24 h reporting full symptom resolution over seven days (86.2%) compared to placebo or later treatment groups (5). Cognitive function enhanced and significantly improved (TMT, MMSE and CASI test scores), for patients receiving NAC within 24–72 h post mTBI (5). NAC is the N-acetyl derivative of L-cysteine, an amino acid; it has a protective prooxidative role as a precursor for the antioxidant glutathione (98). It inhibits reactive oxygen species (ROS) and nitrogen species (RNS) scavenging oxygen-rich free radicals, reducing oxidative damage, cell death, improving blood flow and oxygenation in the brain. Following mTBI intracellular glutathione depletes; NAC replenishes levels which in turn neutralizes ROS, preventing deteriorating outcomes and secondary events (20, 21, 99). A trial on retired professional American football players (100) and animals (101) provides evidence that NAC can improve the brain's functional status; at the tissue and cellular levels, reducing inflammation, oxidative stress and secondary brain injury outcomes (100, 101). However, NAC has a low blood-brain barrier permeability, therefore, this effect during acute mTBI recovery at this present moment is uncertain and is only safely seen to support symptom resolution.

Similar benefits were found in interventions prescribing nutrient infusions resulting in recovery outcomes, restoring patients cognitive function post mTBI. Endogenous or exogenous lactate becomes a primary oxidative substrate used during the energy crisis by injured brain cells. Bisri et al. (59) found HSL (1.5 ml/Kg) effective as an exogenous surgical treatment and during acute mTBI recovery within 24 h, improving patients' cognitive functions (59). Following TBI, the metabolic changes that occur in the brain increase its energy demand and reduce blood flow – creating an anaerobic environment leading to an overproduction of lactate in the cellular crisis. Lactate is an energy waste product, and has emerged as an essential fuel, with a role in brain energy metabolism following TBI onset and subsequent crisis. During the acute period lactate serves as an effective substitute fuel instead of glucose, acting as a neuroprotective fluid decreasing intracranial pressure; and supporting brain energy demands post TBI (35, 102, 103).

In addition, cerebrolysin was found to be effect in facilitating cognitive function recovery in patients when administered intravenously within 24 h post mTBI for 60 min over a 5 day period. Cerebrolysin is a non-nutrient neurotrophic derived from a mixture of pig peptides and amino acids. This treatment significantly improved patients brain functioning (CASI scores) from baseline to weeks 4 and 12 (60). Similarly, Muresanu et al. (104) found that patients' receiving 20–30 ml cerebrolysin intravenously within 48 h presented improved performance scores (GOS) 10 days later (104). However, research has been primarily focused on moderate to severe TBI cases and therefore, doses (ranging from 10 to 50 ml/day), durations (from 10 days to 20 months), and outcome measures [GOS, GOS-E, Modified Rankin Scale (mRS) and electroencephalogram (EEG)] may be too intense to satisfy the needs of patients following mTBI. In addition, the CASI and MMSE tests (60, 105) are more suitable to measure mTBI cognitive function recovery (104, 106, 107). As a result, to prevent future heterogeneity between tests used to measure TBI, Vestor et al. (108) developed an eight-outcome scale measuring; GOS-E, Early Rehabilitation Barthel Index, MMSE, Processing Speed Index, Stroop Color-Word Test, Digit Span, Finger Tapping Test, Color Trails Test, and patients' hospital Anxiety and Depression Scale (108). This approach aimed to provide a more systematic and complete view of patients' outcomes to measure recovery after TBI.



Limitations

This review was specific to human populations assigned a nutrient or nutritional intervention following their mTBI diagnosis during its acute period (<14 days) to provide support, and result in recovery outcomes. Previous systematic reviews on animal models have reviewed nutritional and dietary interventions and the neurological, cognitive, and molecular outcomes post TBI (8, 40). In this review, the included studies present numerous limitations, specifically study designs, characteristics of participants sustaining mTBI (age groups, sex breakdown, mTBI events, and sporting vs. non-sporting individuals), the timing of interventions, test types used and limited findings and measurement of outcomes in abstract publications. The significant heterogeneity consequently affected the analyses possible and detail on results reported.

Patients in this review were aged between 12 (56) to 75 years (60), 73.3% were male (n = 1,324), 25% female (n = 451) and 2% (n = 32) were unknown as they did not disclose their sex, and had a diagnosis via GCS score (between 13 and 15) and/or had a reported mTBI/concussion prior to intervention. Some studies did not give detail on the breakdown of participants by sex (56, 61); however, their clinical trial data did mention that all sexes were included. Males accounted for a high proportion of patients. This bias is common in preclinical trials, for example DHA interventions were performed primarily on male rodents (40, 76). In spite of this, post mTBI females often experience fluctuating outcomes, worsening of symptoms and longer recovery timelines than males due to biological, hormonal, physical and genetic differences (109–111). Females present greater likelihood of comorbid neck injuries in acute concussions due to weaker and physically different neck structures (112). Females' hormones fluctuate cyclically; neuroprotection decreases in the luteal phase (progesterone surge). As a result, it has been found that females' quality of life 1 month post TBI reduces and neurological outcomes worsen (113) than those in the follicular phase, or males – who are not affected by progesterone cycles. Levin et al. (114) found that females aged 35–49 years were more vulnerable to persistent mTBI related cognitive and somatic symptoms 12 months post injury [using the Rivermead post-concussion symptom questionnaire (RPQ)]. These findings highlight the importance of ensuring that mTBI management takes a patient's characteristics, sex, and age into account in addition to their caloric and nutrient requirements.

It is important when comparing study results, to consider the methodological differences present, such as nutrient type and mode variations (supplementation and infusion therapy), dose, length of intervention and outcome measurements throughout populations (mTBI, C-mTBI, non-sporting, sports, military, pediatrics, and adults). There were similarities present in the three included omega-3 fatty acid trials, however data were inadequate and variable. Due to these differences between interventions and the limited number of available human studies (n = 11) meeting inclusion criteria, a meta-analysis of results could not be conducted, and publication bias was difficult to account for.




Future research

Research into more robust nutrient intervention designs similar to those included in this review, using human RCTs, are necessary. These findings suggest that implementing a variety of nutrient therapies, especially omega-3 fatty acids may improve and support patients' acute recovery outcomes following mTBI. This could be achieved through dietary protocols tailored to patient's individual need and, increasing education and awareness on how to eat to support brain health and injury recovery. In addition, resolving nutrient deficiencies in patients, if present, is essential for overall health, especially for those susceptible to TBI (such as players involved in contact sport).



Conclusion

To date there are no nutritional recommendations for the recovery post mTBI. This systematic literature review has shown the potential for certain nutritional therapies to help with recovery. However, due to the heterogenic nature of the studies and the limited sample sizes found it is not currently possible to make definitive recommendations. Omega-3 fatty acids in particular show great potential. Therefore, future work should seek to implement nutritional interventions with RTP protocols that have higher sample sizes, safe dosages, duration, and use a range of suitable performance and cognitive outcome measures.
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division I student athletes,
aged 19.8 % 1.4 years, 60%
male (1 = 33), 40% female (n
=22)

Diagnosed with a SRC,
enrolled within 24, by the
East Carolina University

sports medicine staff

N =60 patients aged 18-40
years, 78.3% male (n = 47),
21.7% female (n = 13)
Sereened within 24 h of
sustaining mTBI; 56.7% GCS
of 15 (= 3), and 43.3%
GCS of 14 (n = 26)

N = 32 patients aged 30-75
years, 65.6% male (n = 21),
34.4% female (n = 11)
Sereened within 24 h of

sustaining miTBI

N =15 patients aged 18-65
years, of all sexes

Admission to the ED within
2410 120h post mTBI onset,
meeting ACRM definition

N = 81 patients aged 18-43
years, 9% male (n = 80, 1%
female (1= 1)

Diagnosed with
mTBI/concussion, following
blast exposure during military
service in Al Anbar, Iraq

‘Two enrolment groups:

Early [A (n=31), B (n=29)]
within 24 h, and delayed [C (1
=9),D (n=12)], within
26-72 h after injury

N =345 patients recruited
80.9% mild moderate TBI (n
=279)]

N =244 were included to
treat TBI with vitamin D
(VD) intervention

Adults, all ages, 75.8% male (1
= 185 (53 controls, 132 VD)),
24.2% female [n =59 (11
controls, 48 VD)]

TBI Events % (n = VD/C):
45.9% Traffic accident (n =
81/31), 13.1% Fall (n = 24/8),
31.2% Slip (n = 55/21), 8.6%
Head collision (n = 18/3),
1.2% Assault (n = 2/1)

Initial GCS measurements
were 13.14  2.89 ng/ml VD,
and 12,36 % 3.1 ng/ml
control (p = 0.070) at arrival
0 ED

N =800 patients (61.9% of (n
= 1,292) enrolment goal)
Data accounted for 85%
patient sample, 85% aged
18-70 years (n = 683), 80.5%
male (1 = 551), 19.5% female
(n=133)

TBI Mechanisms: 47% Motor

vehicle (n = 322), 6% Struck
by vehicle (n = 38), 32% Fall
(n=216), 10% Assault (n =
66), 2% Struck on head by
object (= 15), 3% Other (n
=22)

TBI severity: 29% severe (GCS
3-8), 4% moderate (GCS
9-12) and 67% mild
complicated TBI (GCS 13-15)

N = 1,213 patients (between
2007-2011), aged 18-70 years,
74.5% male (n = 903),25.5%
female (n = 310)

TBI Mechani
vehicle (.= 594), 5.9% Struck
by vehicle (n = 72), 31.2% Fall
(1= 378), 0.6% Sport (n = 7),
9.3% Assault (n = 113), 4%
Other (n=19)

TBI Severity: 33.5%

49% Motor

severe/moderate (1 = 406)

and 66.5% C-mTBI (n = 807)

requirement; IU, internati

tand Cognitive Testin
‘mental state examination;

Nutrition Intervention
intervention  sample sizes
(type, dose,

duration)

Supplement DHA:
2,000mgDHAOr  n=20
950mgplacebo,  [70% male (n = 14),
Dose via 4x 30% female (n =
capsules daily, 2x 6], placebo:
atbreakfastand 2x  n=20

(65% male (n = 13),
35% female (n = 7))

at dinner)

Supplement 400 mg  Magnesium 53% (n
=9), placebo 47%

(n=8)

‘magnesium oxide
(PO) and Tylenol
500 mg, treatment,
or 500 mg Tylenol
only placebo, dose
via 2 tablets, twice
daly, for 5 days
(120h)

24h dictary recall N = 50 patients
combined with

self-administered

food diary (help

memory and

counterchecking)

recording daily

intake to capture
and analyse
patients food intake
~24h prior to TBI
and from day |
until day of
discharge (DD)

Supplement 2200 DHA:

mgomega-3DHA 1= 23,60.9% male

(440 mg per (n=14),39.1%
capsule), or placebo  female (n=9),
(corn oil), dose via  placebo:

5x capsules daily n=32,59.4%

for 30 days female (n= 13),
40.6% male (n =
19)

Nutrient infusion of HSL:

1.5 ml/Kg BW n=30

hyperosmolar HSS:

sodium lactate n=30

(HSL) treatment, or
hyperosmolar
sodium chloride 3%
solution (HSS)
control,
intravenously

15 min before

neurosurgery

Nutrient infusion of ~Cerebrolysin:
30ml cerebrolysin 1= 17, control: n =
nootropic treatment 15

or saline control,

intravenously for

60min duringa 5

day period

Supplement Allocation not

6,000mgomega-3 detailed
treatment (1,000 mg
containing 500 mg
DHA and 100 mg
EPA) or placebo
(olive oil), via daily
dose via 6x
capsules for 4 weeks
Followed by

1,200 mg omega-3
or placebo for

8 weeks

Supplement 500mg  NAC

N-Acetyl Cysteine  groups B+ D, n=
(NAC) treatment 41, placebo groups
(tablet); for groups, A+, n =40
B+ D, or placebo

(500 mg tablet); for

groups, A + C,

receiving daily

doses of 4,000 mg

for 4 days and

3,000mg for 3 days

Retrospective VD supplement N

measurementof = 180, control N =
VD serum levels
(25(0H)D?)

following TBI

64

Supplement
prescribed to
deficient

(<30 ng/ml)
patients during
acute recovery
100,0001U (2,500
1g) cholecalciferol
(converted by liver
to calcifediol) via
intramuscular
injection, followed
by201U
alfacalcidol

(0.5 mg)/day (form
does not require
converting by liver)

via tablet

Supplement Information not
2,000 mgciticoline
(500mg), or

placebo dose via

present

oral/enteral tablets
twice daily over 90

days

Citicoline

=607, [66.4%
CmTBI (n = 403)},
placebo n = 606,
66.6% CmiTBI (n =
404))

Supplement
2,000 mg citicoline
(500mg), or
placebo dose via
oral/enteral tablets
twice daily for 90
days

, hyperosmolar sodium lactate; NAC, N-acetyl cysteine; PO, oral administration;
SRC, sports related concussion; TBI, traumatic brain injury; mTBI, mild traumatic brain injury; C-mTBl, complicated mild TBI; ED,

nBESS, modifie
ASI, co

mbols: N, population size; n, sample size/total; x, sample average/mean; p, statistical significance p-values {: decreased.

nit

mg, micrograms; ng, nanograms; mg,

ing instrument;
g test II; PS, Processing Speed Index; BS, brief s

Outcome measures
(used, timepoints)

Symptom resolution (SCAT 3,
no. days), ImPACT
neurocognitive test, RTS
progressions, RTS clearance
10 begin, resolution of balance
impairments, using mBESS,
compliance, adverse
outcomes, and safety of high
dose DHA treatment

All measured on enrolment,
and weeks 1,2, 4 and 12

Return to functional
outcomes measured using;
PSS from admin. (Oh) time
10120 hlater

Compliance and follow up
were self-reported or
conducted via phone calls
(caseslost in follow up)
Adverse effects of medications
and patients’ need for further
intervention in the ED were

also measured

Calorie and macronutrient
intake specifically protein,
during LOS, day 1 to DD (3-8
days)

No. of days within a 30 day
timeframe to return to play
(RTP), for balance and
cognition (using ImPACT and
Biodex Biosway) to improve

and overall compliance

Cognitive function using:
Mini Mental State
Examination (MMSE)
questionnaire (at 24 h, 30 and
90 days) post-surgery GCS.
assessed and recorded

(24h) post-surgery

Adverse outcomes measured
throughout intervention Vital
signs checked every 5 min
during surgery Blood
osmolality and sodium levels,
evaluated and recorded at
baseline and (15, 30 min and
6h) post-surgery

Cognitive outcomes measured

using - Cognitive Abilities
Sereening Instrument (CASI)
and MiniMental Status
Examination (MMSE) tools.
Patients LOS, RTP,
compliance and adverse
outcomes

All measured at baseline, and

weeks 1,4 and 12

Inflammation and
neurogenesis measured using
Neurofilament Light Chain
(NFL) biomarker testing.
Adherence and symptom
resolution measured using the
GOS-E, self-reporting, and a

battery of neurocognitive tests

Symptom resolution (no.
days), cognitive
(neurophysiological and
symptomology) tests (on day
7) and drug compliance (from

day 1t07) measured

Performance was measured
using the GCS/GOS-E,
cognitive function using Mini
Mental Status Examinations
(MMSE) and Clinical
Dementia Rating (CDR), VD
serum levels were measured
(pre, 1 4 3 months post).
Adverse outcomes and

morality

Functional and cognitive
performance outcomes at day
90 using the TBI Clinical Trial
Networks Core Battery of: 9
measures [Trails Making test
Aand B, GOS-E, COWAT,
CVLT-II, PSI, Digit Span and
Stroop Test (1and 2)]
Secondary tests during day 30,
90,and 180 after trial and
survival tests post TBI
(included: BSL, self-reported
psychological
status/wellbeing, DRS,

and SWLS)

Patient Survival and Safety
were measured, and 180 day
follow up observed
maintained effects of
treatment post TBI
Functional and cognitive
performance outcomes at 90
days using TBI Clinical Trials
Networks Core Battery of: 9
measures [Trails Making test
Aand B, GOS-E, COWAT,
CVLT-II, PSI, Digit Span and
Stroop Test (1and 2)]

Secondary tests during day 30,

90,and 180 after trial
(included: BSI, self-reported
psychological
status/wellbeing, DRS,

and SWLS) Patient Survival
and safety were measured.
Follow up and maintained
effects of treatment observed
atday 180 post TBI

mptom inventory; DRS,

icrogram; ml, milliliter.

>, calorie; I

m; RTP, return to play/practice; RTS, return to sport; PCS:
neurofilament light cha

Key findings

Symptom resolution 4 days
earlier for DHA, 16.1 days, vs.
placebo 20.9 days, (p = 0.082)
ImPACT neurocgnitive test
scores normal for DHA at
12.2 days, vs. 16.8 days for
placebo (p=0.382)

RTS initiation time sooner for
DHA 14.0 (9-39) days, vs.
placebo 19.5 (8-66) days
Clearance to begin RTP earlier
for DHA at 21.4 days, vs.
placebo 23.4 days (p = 0.115)
Rate of follow up and
completion was poor in DHA
(50%, 1 = 10) vs. placebo
(75%, n = 15) groups
Reasons were not
documented but may have
been due to symptom
resolution; those cleared to
RTP before week 4 were told
that they could forgo
additional visits but attend at
week 12

Adverse outcomes ocurred in
10% of DHA group
[Rhenyolds (n = 1) syndrome
and eructation (burping) (n =
D)

Compliance was similar DHA
61.57% and placebo 66.34%
only in those that completed
the trial

Follow up over 5 day period
was low. Half (50%) of those
initially enrolled followed up
completing the trial
[magnesium 53% (n = 9),
placebo, 47% (n = 8)]

1 follow up due to symptom
resolution or significant
improvement of symptoms -
patients reported - feeling
better as a factor for them to
ignore treatment plan

PCSS from Oto 48 h for

magnesiu

group improved

significantly (p = 0.016), vs.

placebo group (p = 0.08)
Magnesium group PCSS had
significantly decreased at 48 h

vs. placebo group (p = 0.016)

Calorie and protein intakes
during LOS - Day 1; calories
were low at 23.1% (~516 kcal)
and protein was 14.5%
(~18.0g)

On DD (3-8 days) - calorie

intake

increased to 75.0% (approx.
1,674 keal) and protein to
61.3% (74.48)

Average (X) intakes during
LOS - calories 55.2% and
protein 41.3%

X macronutrient intake during
LOS was - 55.5% CHO/17.3%
protein/27.2% fat

Calorie and protein intakes,
increases were linked with the
TBI type, severity (92% mTBI)
and DD

[Calorie intake - TBI severity,
DD (p = 0.142), % calorie
intake (p=0.017)]

[Protein intake -TBI severity,
DD (p =0.070), % protein
intake (p = 0.013)]

[Calorie intake for females vs.
males was lower §, DD (p =
0.006)]

RTR, was 9.1 2.9 days for
DHA and 10.7 4.7 days for
placebo

Compliance was similar DHA
84.20% (n = 19.3), and
placebo 83.02% (n = 26.5)
ImPACT and Biodex Biosway
scores were not presented
Patients (119%) that did not
RTP within 30 days were
excluded (DHA, n=6;
placebo, n = 1) in outcome
analysis

MMSE scores improved
greatly for HSL treatment vs.
HSS control group

HSL MMSE scores ranged: at
baseline 16.00 (13.75-18.00),
102100 (18.75-22.00) at 24 h,
25,00 (23.75-26.00) day-30
and 28.00 (27.00-29.00) day
90 post-surgery

MMSE scores for HSS control
were almost unchanged at
24hand alittle increased 30
and 90 days post-surgery

Cerebrolysin treatment
provided recovery evidence
CASI baseline scores were
similar for both groups (p=
0.1861)

CASI scores improved for
cerebrolysin from baseline to
week 12 (p = 0.0461)

CASI scores significantly
improved from baseline to
week 4 (p=0.005) and 12
Domains: of long-term
memory (p = 0.0256) at week
4,and drawing at week 4 (p =
0.0066), and 12 (p = 0.0472)

improved for the cerebrolysin

group. 100% compliance and
1o adverse outcomes (p =
0.003) for the cerebrolysin
group

Complete resolution of
symptoms reported by 92.8%
of patients within 30 days (1
=14)

Frequent symptoms reported:
Headache (100%), Dizziness
(85.7% (n = 2), did not),
‘Taking longer to think-(85.7%
(n=2/15), did not), Nausea
(78.6% (n = 3/15), did nov),
Fatigue (78.6%, (n = 3/15) did
not), Photophobia (50% (n =
7/15) did not)

Overall symptom resolution
took median of 12,5 (IQR
9.0-25.0) days

Day 7 symptom resolution
was significantly greater for
NAC (B + D) than placebo (B
+C) groups, [OR=36, (p=
0.0062), R? = 0.37]

Group B, receiving NAC
within 24 h of blast had 86%
chance of symptom resolution
and no reported side effects,
vs. early placebo group (4) at
42%

Compliance from Day 1to 7
was 100%, with no adverse

effects reported

On admission 94.8% had
deficient VD serum levels,
13.62 2 9.01 ng/ml (N =
327/345)

Initial GCS was similar for all
groups, and there were no
significant correlation
between VD serum levels and
GOS-E scores (p = 0.080), or
TBI severities and GOS-E
scores [severe (p = 0.980),
mild-to-moderate, (p =
0.923)]

No significant difference
between VD serum levels and
MMSE (p = 0.994), or CDR
(p=0.974) scores.

In 3-month follow up - serum
VD levels for 70.7% (N =
244/345) were measured

VD group had improved -
from 14,03 = 8.68 ng/ml at
baseline, to 37.42 &

12.57 ng/ml at week 12 (p =
<0.001)

No significant performance
improvements in GOS-E
scores at 3-months presented
in both groups or between
TBI severities

Cognitive outcomes for
MMSE/CDR scores in
VD/control groups did not
differ at week 1 (p=0.981)

MMSE scores were

ficantly different for VD
(24.1£7.3) and control (21.6
+8.3) groups at week 12 (p =
0.045)

MMSE recovery rates were
greater in VD (p = 0.042)
group. CDR, recovery rate
were greater in VD (p=
0.044) group

Results from July 31st, 2000:
77% of expected patients
enrolled (N = 800) to end in
August 2010. Of all patients
screened, 13% were included,
6% were unable to consent,
and 6% refused to participate.
TBI Severity ranged - 20%
severe, 4% moderate and 67%
CmTBI witha GCS of 13-15
(N = 458/679)

Recovery outcomes at 90 and
180 days post treatment
presented no significant
differences

Day 90 Core Battery test
outcomes presented positive
GCS-E scores for both groups,
35.4% citicoline (n = 262) and
35.6% placebo (1 = 280)
Allother Battery tests
improvements rates varied:
from 37.3% 0 86.5% in
citicoline and 42.7% to 84.0%
in placebo groups

Atday 90 groups had no
significant outcome
differences (p = 0.76), OR,
0.98 (95% C1,0.83-1.15)

No significant treatment effect
between TBI severity
subgroups moderate/severe,
(p=031),OR, 1.14 (95% CI,
0.88-1.49), and C-niTBI (p =
0.12), OR, 0.89 (95% CI,
0.72-149)

Day 180 group Battery test
results did not differ
significantly (p = 0.13), OR,
0.87 (95% C1,0.72-1.04). Day
180 results for placebo group
presented significantly better
then citicoline (p = 0.004),
OR, 0.72 (95% CI, 0.56-0.91),
and treatment X severity
interactions in C-miTBI
patients

N =73 Total Deaths, no
significant difference in
survival rates (p = 0.17). 19%
CmiTBI patients died (n = 14),
42.8% citicoline (n = 6) and
57.1% placebo (1 = 8) groups

OR, odds ratio; GC

0, carbohydrate; VD, vitamin D; M?
emergency department; ACRM, American Congress of Rehabilitation Medicine; NCAA, National

sgow Coma Scale
cale; SWLS, Satisfaction with Life Scale.

Author conclusions, key
takeaways

2,000mg of a DHA supplement twice
daily for 12 weeks isa feasible and safe
early treatment method following SRC
in pediatrics. DHA shows that it may
allow for faster symptom resolution, and
sooner RTP. However, a larger trial with
more stringent follow up metrics is
needed

800 mg magnesium PO (400 mg, 2x
daily following miTBI onset) over 5 days
presented a 50% likelihood of acutely
treating concussion (symptomology)

in pediatrics Magnesium vs. placebo
treatment significantly decreased PCSS
at4sh (p=0.016)

There was a significant difference in
intakes between day 1 and DD for
all patients

Calorie and protein intakes were below
estimated REQ amounts. Median calorie
REQ - 2,232 keal/day (IQR =
1,977-2,403 keal). Median protein REQ
- 1213 giday

(IQR = 108.2-130.0g). The calorie and
protein intakes improved during LOS
but were suboptimal and may increase

TBI patients' risk to develop

malnutrition if no intervention or
appropriate MNT is provided during

and after hospital stay

Evidence that a 2,200mg omega-3 fish
oil supplement dose for 30 days did not
reduce RTP time following acute SRC
(p = 0.397). It is unknown if cognitive

and balance outcomes improved

Findings present that a nutrient infusion
of 1.5 ml/Kg BW of HSL during surgery
post miTBI improved cognitive function.
MMSE scores significantly improved in
HSL group than HSS group (p = <
0.001)

Nutrient infusion of a 30 ml
cerebrolysin nootropic treatment post
miTBI for 5 days improved cognitive
function outcomes for patients 3
months post injury and improved their
domains of long-term memory and

drawing

A high dose of omega-3 (DHA and EPA)
for 12 weeks post-TBI a high rate
(92:8%) of symptom resolution.
However, biomarker outcomes, GOS-E
and cognitive test results are needed to
confirm findings. Additionally in 2021 it
was reported that study ceased in due to

poor patient enrolment

Day 7 symptom resolution post blast
exposure significantly improved for the
NAC groups [OR = 3.6, (p = 0.006)]
Groups receiving NAC within 24 h had
86% increased chance of symptom
resolution, then placebo 42%

that NAC, is a

Indicating safe

pharmaceutical, for patients  seen
within 72 h of blast exposure event (N =
81) by the same clinician investigator at
acombat zone

NAC also presented to have significantly
positive impact on neuropsychological
test results, no. of mIBI symptoms
experienced, and complete resolution by
day7

Secondary findings, for carly treatment,
seen within 24 h benefiting neurological
‘measures but not

neuropsychological outcomes Early
NAC treatment and standard therapy
administered by an experienced mTBI
care provider resulted in a 87%
symptom resolution rate at day 7,
compared to 1% for those receiving
placebo care from the same provider,
beginning therapy 24-72 h after

blast exposure

Findings were not just specific to mTBI,
as mild and moderate fell into the same
GCS category when segmented. Serum
VD levels significantly improved for the
VD group from baseline to week 12 (p =
<0.0001). Performance (GOS-E) and
Cognitive [MMSE (p = <0.042) and
CDR (p = 0.04)] outcomes for VD
significantly improved by week 12
Presenting that VD supplements may
improve the performance and cognitive
outcomes of patients with
mild-to-moderate TBI when given
during the acute phase post-TBL. In
deficient patients, this approach is less
feasible during acute recovery post-TBI
‘Therefore, patients with TBI should be
treated according to their baseline VD

serum levels on a diagnosis

Preliminary data on 2,000 mg citicoline,
taken twice daily for 90 days post TBI.
2012 CORBIT full study trial

Citicoline as a 90 day treatment for
patients with C-miTBI or
‘moderate/severe TBI did not result in
functional and cognitive improvements
‘This 2012 COBRIT study indicates that
citicoline was not superior to placebo as
an acute and post-acute therapy for
participants with broad range of

TBI severities

medical nutrition therapy.

Post-Concussion Symptom Severity scores; IQR,

tended Glasgow
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Primary review question/aim

In all humans diagnosed with concussion/mTBI, what nutrition or nutritional
interventions have been prescribed during the acute phase (<14 days) following

injury and resulting in recovery outcomes?

Inclusion criteria

Population Humans all ages (children, adolescents <18 years and adult
populations >18 years) clinically diagnosed with a
concussion/mTBI (GCS of 13 to 15), due to any
known/reported mechanism

Intervention Following diagnosis of concussion/mTBI during the acute
phase (<14 day window), either nutrition/nutritional
intervention are prescribed. For this review the acute phase
of injury will be defined as minutes after the event up to and
including 7 days post event. All reported concussion/miTBI
mechanisms

Outcomes Measured concussion/mTBI recovery <14 days for adults
and <28 days for children post injury onset. Return to play,
return to activity or a clinical diagnosis of recovery

Study design Published original research, randomized control trial (RTC),
systematic reviews. Retrospective data analysis, cross
sectional study design, parallel studies, where data meeting
the PICO can be extracted. Abstracts (with data) will be

included initially. Publications in the English language only

Exclusion criteria

Population Non-human, animals, cells and models

Intervention Non nutritional interventions. Preclinical/animal/cell
interventions. No measured or hazardous protocols in place.

Outcomes No measure of recovery post TBI

Study design Allother study designs. Case reports, editorials,
commentary’s, review articles (in the case of systematic
reviews if relevant data cannot be extracted or does not meet
PICOS), consensus statements, positional statements, and

o

n pieces, and non-English publications
Search terms’
Preformed in Cochrane, CINAHL, PubMed, Sports discus and Web of Science

databases

*[(concussion OR mild traumatic brain injury OR mild thi OR mibi OR mild
brain injury)* AND (diet OR food OR beverage OR caloric OR macronutrient OR
micronutrient OR protein OR carbohydrate OR fat OR supplement OR antioxidant OR
'OR mineral OR amino acid OR fatty acid OR glucose OR creatine OR nutri OR
nutraceutical OR keto OR omega 3 OR Docosahexaenoic acid OR DHA OR herb)* AND
(recovery OR return to play OR rehabilitation)).

*Keywords were the same for each database searched.
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