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Abstract Abstract 
Proper nutrition is a key factor in physical performance, but there are also indications of an impact of 
dietary components on the brain function. Therefore, the aim of the study was to assess the impact of 
macronutrients and water on cognitive performance. Assumptions of the Mediterranean diet correlate 
with better global cognition, episodic memory, lower risk of cognitive impairment and neurodegenerative 
diseases. In turn, a high-fat and high-sugar diet shows the opposite effect. Omega-3 fatty acids could be 
used as a preventive tool for cognitive decline, but there is still insufficient evidence if supplementation 
improves cognitive functions. The proper intake of protein may be important in cognitive performance. 
Tyrosine seems to be potentially effective in inhibition of fatigue under extreme conditions, and the 
influence of BCAA on cognitive performance is still unclear. An appropriate glucose level is a critical 
factor for brain functions. Carbohydrate supplementation before and during exercise is associated with 
enhanced brain activation and decreased exercise perception, as well as improved cognitive functions. 
Dehydration worsens cognitive performance, especially for tasks requiring attention, executive functions 
and coordination. Based on the review of available studies, it should be assumed that proper nutrition 
might play a relevant role in athletes’ cognitive performance. 
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 abstract 
   Proper nutrition is a key factor in physical performance, but there are also indications of an impact of 

dietary components on the brain function. Therefore, the aim of the study was to assess the impact of 
macronutrients and water on cognitive performance. Assumptions of the Mediterranean diet correlate 
with better global cognition, episodic memory, lower risk of cognitive impairment and neurodegenerative 
diseases. In turn, a high-fat and high-sugar diet shows the opposite effect. Omega-3 fatty acids could be 
used as a preventive tool for cognitive decline, but there is still insufficient evidence if supplementation 
improves cognitive functions. The proper intake of protein may be important in cognitive performance. 
Tyrosine seems to be potentially effective in inhibition of fatigue under extreme conditions, and the 
influence of BCAA on cognitive performance is still unclear. An appropriate glucose level is a critical 
factor for brain functions. Carbohydrate supplementation before and during exercise is associated with 
enhanced brain activation and decreased exercise perception, as well as improved cognitive functions. 
Dehydration worsens cognitive performance, especially for tasks requiring attention, executive functions 
and coordination. Based on the review of available studies, it should be assumed that proper nutrition 
might play a relevant role in athletes’ cognitive performance.
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introduction 
Cognitive function is a key factor in athletic performance, and there is growing 
evidence that brain functioning can be influenced by some dietary components, 
an appropriate hydration level and supplements [1]. Nutrition provides four 
main classes of functional compounds for the brain to create and maintain 
connections, which is critical for improving cognition. Food delivers energy for 
the brain (essentially glucose), building blocks (e.g., lipids and amino acids), 
and micronutrients for enzymatic and endocrine processes (e.g., iron, zinc, B 
vitamins, iodine) and is a source of bio- or psychoactive molecules that can 
exert a multitude of brain-relevant actions [2, 3]. In addition, the organoleptic 
properties of food – such as taste, smell, and texture – may directly modulate 
cognition and mood [3, 4].

The aim of this study is to assess the impact of macronutrients and water 
on cognitive functions among active people. Other dietary components and 
supplements that affect the concentration and brain functions will be mentioned 
as well, but they are not the topic of this review.

material and methods 
A systematic search was carried out by using following databases: Pubmed 
and Medline, SPORTDiscus, Academic Search Ultimate, Scopus, ScienceDirect 
for studies published in English from January 2010 till July 2020. Search 
terms included key words related to cognition, cognitive function, cognitive 
performance, brain, nutrition, omega-3 fatty acids, carbohydrates, protein, 
hydration, dehydration and sport. The systematic search resulted in 175 articles, 
which mostly were randomised, double-blind, placebo-controlled trials, review 
articles, systematic reviews, clinical case studies, comparative studies, clinical 
trials and meta-analysis.

results and discussion 
1. diet and nutritional habits 
For many years, diet, combined with other aspects of daily living, such as 
exercise, has had a crucial role in shaping cognitive capacity and brain evolution. 
According to palaeontologists, there is a direct relationship between access to 
food and the brain size, and that even small differences in diet can have large 
effects on survival and reproductive success [2]. Poor diet in utero and during 
early postnatal life can cause permanent changes in many aspects of metabolic 
and central functions, including impairments in cognition and accelerated brain 
aging [5]. Maternal gestational diabetes and even an inappropriate and junk 
food diet in the non-diabetic can lead to metabolic complications, including 
diabetes and obesity in the offspring [6,7]. It can also result in changes in reward 
processing in the offspring’s brain so that they grow to prefer foods high in fat 
and sucrose [8,9]. On the other hand, some dietary supplements can positively 
influence cognition, as is seen with supplementation of baby formula with long 
chain omega-3 PUFA improving cognition in babies [10] (Table 2). Microglia are 
one of the major immune cell populations in the brain. In development, they are 
essential for synaptic pruning, while in a mature organism their major role is in 
mounting a proinflammatory immune response and phagocytosing pathogens 
and injured brain cells. Neuroinflammatory processes, including the role of 
microglia, can clearly be impacted by neonatal diet and represent at least one 
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contributing mechanism of how cognitive function is affected [11]. The brain has a 
very high demand for nutrients in this early period and nutritional imbalances affect 
normal neurodevelopment resulting in lasting cognitive deficits [12]. Understanding 
the role of metabolic factors and specific nutrients in this context is crucial to 
develop effective peripheral (e.g., nutritional) intervention strategies [11].

The Western diet, which is rich in saturated fatty acids, sugar, and protein, 
is associated with an increased risk of developing obesity, type 2 diabetes, 
dementia, and it impairs object recognition learning in rats [13,14]. Furthermore, 
it creates a physiological profile in animal models akin to metabolic syndrome in 
humans, including greater visceral adiposity, dyslipidemia, hyperinsulinemia, and 
glucose intolerance. These diets have been linked to elevations in hippocampal 
inflammation, behavioural responses reflecting impulsivity and inability to 
maintain attention, but they may be reversible [15] (Table 1). Short-term post-
weaning exposure to a high-fat diet induces both cognitive impairment and 
transient anxiety-like behaviour in young mice, and a diet high in saturated fat 
is suggested to contribute to the development of depression-like behaviour in 
mice [16,17]. In addition, a Western diet is associated with increased depressive 
symptoms both over time and cross-sectionally in humans [18]. It has been 
proposed that these memory deficits are caused by increased inflammatory 
and decreased neuroplasticity markers [19,20]. The hippocampus is especially 
susceptible to the effects of this diet, as memory deficits are already evident 
after one week of dietary treatment [20,21]. High-fat diet consumption has been 
demonstrated to impair hippocampus-dependent memory function in humans 
and rodents. Many studies have shown that high-fat diet-induced cognitive 
deteriorations are accompanied by elevated neuroinflammatory markers or 
responses in the hippocampus [15,20−26]. There is growing evidence that high-
fat diets may compromise the hippocampus by sensitizing the immune cells (most 
likely microglia) of this brain structure, thus priming the inflammatory response 
to subsequent challenging stimuli [24,25,27]. Sobesky et al. demonstrated 
that high-fat diet consumption primes the cells of the hippocampus by 
elevating the glucocorticoid steroid hormone corticosterone in this region 
[25]. Despite its classic role as an immunosuppressant, there is increasing 
evidence demonstrating that corticosterone can prime hippocampal microglia 
and potentiate the inflammatory response to a subsequent challenge [28−30]. 
Noble and Kanoski summarised evidence predominantly from rodent studies 
and concluded that neurocognitive function (especially hippocampal dependent 
learning and memory) may be particularly vulnerable to high carbohydrate-
high fat consumption during the perinatal and adolescence periods [31] (Table 
1). Findings were mixed as to whether the negative impact of maternal diet 
on offspring cognitive function could be reversed or improved if offspring are 
weaned on a healthy diet. The impact of a high-sugar–high-fat diet was found 
to affect the memory function above and beyond absolute calorie intake, weight 
gain, or metabolic dysfunction, suggesting that refined fat- and carbohydrate-
rich dietary composition is an independent driver of negative memory effects. 
The above conclusions were extended by Morris et al. by highlighting negative 
early life stress as a potential moderator of the poor diet-impaired memory 
relationship [32]. Their review suggests that, in addition to its own direct impact 
on cognitive function, early life stress may influence diet choices into adulthood 
by promoting poorer coping skills, stress-related or emotional eating, and greater 
consumption of high carbohydrate-high fat foods. The final reviews by Reichelt 
et al. focus on adolescence as the most important period when the impact of 
high-sugar–high-fat diets may be particularly impactful on neuroplasticity and 
reward-processing neurocircuitry, leading to enduring cognitive deficits [33,34].
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On the other hand, Ding et al. conducted a study to explore the relationships 
between macronutrient intake and cognitive function. They concluded that the 
dietary pattern with high percentage of energy intake from fat and protein, and 
low-energy intake from carbohydrate might have been associated with cognitive 
decline in a Chinese population under 65 years of age [35] (Table 1). The effect 
of protein on cognitive function has received limited attention. Jakobsen et al. 
summarised that healthy young males fed a high protein diet improved reaction 
time [36] (Table 1). Furthermore, Du et al. examined the influence of the protein 
level and source on Barnes maze performance, satiety and plasma amino acid 
levels in male rats. Results demonstrate the importance of protein source for 
cognition and satiety enhancing effects of a high-protein meal [37] (Table 1). 

Table 1. Impact of diet on the cognitive function

Subjects/methods/ 
type of publication Results Conclusion References

32 animal models (rats) High fat high sugar diet has 
been linked to elevations in 
hippocampal inflammation, 
behavioural responses reflecting 
impulsivity and inability to 
sustain attention, and may be 
reversible.

High fat high sugar diet is 
rather not recommended for 
ability to sustain attention.

Tran et al., 2017

Review, rodent models Neurocognitive function 
(especially hippocampal 
dependent learning 
and memory) may be 
particularly vulnerable to 
high carbohydrate-high fat 
consumption during the 
perinatal and adolescence 
periods. Findings were mixed 
as to whether the negative 
impact of maternal diet on 
offspring cognitive function 
could be reversed or improved 
if offspring are weaned on a 
healthy diet. 

A high sugar-high fat 
diet was found to impact 
memory function above 
and beyond absolute 
calorie intake, weight gain, 
or metabolic dysfunction, 
suggesting that refined 
fat- and carbohydrate-rich 
dietary composition is 
an independent driver of 
negative memory effects.

Noble and 
Kanoski, 2016

23 healthy males (age: 
19–31 years), randomised, 
single blinded, parallel 
intervention study

The high protein group 
improved their reaction time 
significantly compared with the 
usual group. Branched chain 
amino acids and phenylalanine 
in plasma were significantly 
increased following the HP diet, 
which may explain the improved 
reaction time.

Healthy young males fed 
a HP diet improved their 
reaction time.

Jakobsen et al., 
2011

Male Sprague-Dawley rats Both Egg White (EW) and 
Wheat Gluten (WG) increased 
postprandial concentrations 
of large neutral and branched 
chain amino acids relative to 
Basal, but in EW, concentrations 
were slower to peak, and 
peaked to a higher level than 
WG.

Results demonstrate the 
importance of protein source 
for cognition and satiety 
enhancing effects of a high-
protein meal.

Du et al., 2018

661 participants; 80 with 
mild cognitive impairment 
(MCI) and 581 with normal 
cognitive functions. 

The results revealed that high 
percentage and high % protein 
intake were greatly associated 
with an increased frequency of 
MCI, while high % carbohydrate 
intake was correlated with 
decreased prevalence of MCI.

The dietary pattern with 
high percentage of energy 
intake from fat and protein, 
and low-energy intake 
from carbohydrate might 
have been associated 
with cognitive decline in a 
Chinese population under 65 
years of age.

Ding et al., 2018

120 children and 
adolescents (60 with 
newly diagnosed ADHD 
and 60 controls)

Lower adherence to a 
Mediterranean diet was 
associated with ADHD 
diagnosis.

Low adherence to a 
Mediterranean diet might 
play a role in ADHD 
development.

Ríos-Hernández 
et al., 2017

Karpęcka E, Frączek B.
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Meta-analyses indicate that higher adherence to the Mediterranean diet is 
associated with better global cognition, episodic memory, lower risk of cognitive 
impairment and neurodegenerative diseases [38−40]. Ríos-Hernández et al., 
testing the impact of the Mediterranean diet (typically low in refined sugars) among 
120 children and adolescents, found that lower adherence to the Mediterranean 
diet yielded a higher risk of attention-deficit/hyperactivity diagnosis [41] (Table 
1). Adherence to the Mediterranean diet, as well as the Dietary Approaches to 
Stop Hypertension (DASH) diet and the Mediterranean DASH Intervention for 
Neurodegenerative Delay (MIND) diet is associated with less cognitive decline 
and a lower risk of Alzheimer's disease. Evidence that these diets are associated 
with dementia risk is inconsistent. The consumption of olive oil seems to be an 
important element underlying the neuroprotective effects of these diets [40]. 

Breakfast eating is the healthy nutritional habit, influencing athletes’ cognitive 
performance, associated with increased intake of key nutrients. Poorer 
performance may result from a lack of available energy and, consequently, lower 
blood glucose. One experimental strategy that takes advantage of this naturally 
occurring event is to examine the effect of breakfast consumption on mental 
performance. On waking, people have effectively fasted for 6 to 8 h, and cognitive 
loads that demand extra energy are likely to be identified [42]. Research exploring 
early morning food consumption suggests that the absence of breakfast can lead 
to a reduction in reaction time and short-term memory [43]. This psychological 
effect is most profound in studies of more mature adults [44]. A number of studies 
reported that cognitive function, such as working memory and executive function, 
was better following breakfast consumption as compared with that following 
breakfast omission [42,45−47]. Furthermore, for cognitive function, low glycaemic 
index (GI) breakfast seems to be better than high GI meal possibly due to stable 
glucose supply to nerve cell and/or favourable modulation of neurotransmitters 
and hormones [48−50]. In addition, studies focusing on school populations suggest 
that breakfast omission may detrimentally affect children’s cognitive performance 
[51]. These findings shed light onto potential cognitive impairment in athletes 
who do not follow an appropriate nutrition protocol. Maintenance of an adequate 
blood glucose concentration is required to maintain optimal cognitive function, 
and enhancing glucose availability appears to improve cognitive performance 
[42,52]. Komiyama et al. examined the cognitive function at rest and during 
exercise following breakfast omission. The results show that skipping breakfast 
impairs executive function, but harsh exercise improves executive function even 
when skipping breakfast. The authors suggest the benefits of harsh exercise on 
cognition appear to be unaffected by skipping breakfast [53] (Table 4). Research 
is also being conducted to assess effects of breakfast omission on performance 
in resistance-type exercise. This study found that skipping breakfast before the 
test may impair resistance exercise performance in those who habitually ate 
breakfast [54] (Table 4).

2. macronutrients 
2.1. lipids 
Lipids are approximately 10% of the brain weight and 50% of the dry weight 
[55]. Dietary lipids have been implicated in brain functioning at all stages of 
life. The role of dietary omega-3 and 6 family fatty acids has received much 
interest in a neurodevelopmental context, cognitive aging as well as in specific 
conditions and neuropsychiatric diseases, such as attention-deficit hyperactivity 
disorder, depression, bipolar disorder schizophrenia and dementia [56−64].

Baltic Journal of Health and Physical Activity 2020; 12 (3): 114-135
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Table 2. Impact of fat on the cognitive function

Subjects and 
methods

Results Conclusion References

229 infants from 
3, randomised 
controlled trials

In the 12-month feeding and 6-week 
weaning studies, supplemented children 
had more intentional solutions (successful 
task completions) and higher intention 
scores (goal-directed behaviours) than 
controls.

Long-chain 
polyunsaturated fatty 
acids supplementation 
improves means-end 
problem solving.

Drover et al., 
2009

Review Abnormal omega-3 PUFA levels have been 
extensively described in both the peripheral 
tissues and in the brain of patients with 
mood disorders or cognitive decline.

Diet and drugs targeting 
PUFAs may lead to novel 
therapeutic approaches 
for the prevention and 
treatment of brain 
disorders.

Bazinet et al., 
2014

Review Human studies suggest low n-3 red blood 
cell PUFA concentrations and correlations 
with clinical severity in studies of plasma 
concentrations in symptomatic bipolar 
disorder. Results of published n-3 PUFA 
dietary supplementation trials for bipolar 
disorder indicate efficacy in treatment for 
mania or depression in 5 of 5 open-label 
trials, efficacy in treatment of depression 
in 1 of 7 randomised controlled trials, and 
a signal for treatment of depression in 1 
meta-analysis.

Biomarker studies of PUFA 
and treatment studies 
of n-3 PUFA in bipolar 
disorder show promise for 
indicating a way forward 
in the study of PUFA in 
bipolar disorder.

Saunders et 
al., 2016

Review The main evidence for the effectiveness 
of eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) has been 
obtained in mood disorders, in particular 
in the treatment of depressive symptoms 
in unipolar and bipolar depression. There 
is some evidence to support the use of 
omega-3 fatty acids in the treatment of 
conditions characterised by a high level of 
impulsivity and aggression and borderline 
personality disorders. The most promising 
results have been reported by studies using 
high doses of EPA or the association of 
omega-3 and omega-6 fatty acids.

Supplementation or 
appropriate intake 
with diet recommend. 
Omega-3 can be 
considered safe and well 
tolerated at doses up to 
5 g/day.

Bozzatello et 
al., 2016

155 subjects with 
Major Depressive 
Disorder

Subjects with specific combinations of 
inflammatory markers were more likely to 
respond to EPA treatment and less likely to 
respond to placebo treatment.

Obese subjects with MDD 
are more likely to have 
“high” inflammatory 
biomarkers.

Rapaport et 
al., 2016

Systematic review; 
aged adults or elder 
subjects

Ten out of the fourteen RCTs reviewed 
showed a positive outcome on at least 
one domain of cognitive function (working 
memory, executive function, verbal 
memory, short-term memory, perceptual 
speed, etc.).

Omega-3 supplementation 
might have a positive 
effect on cognitive 
function. Long chain 
polyunsaturated fatty 
acids could be used as a 
preventive or therapeutic 
tool for cognitive decline 
in aged or elder adults.

Martí et al., 
2019

Review Preclinical investigations demonstrate that 
dietary consumption of DHA provided either 
before or after mild traumatic brain injury 
(mTBI) improves functional outcomes, such 
as spatial learning and memory.

Additional clinical research 
in humans is needed to 
confirm the promising 
results reported in the 
preclinical literature.

Barrett et al., 
2014

Review Animal studies consistently demonstrated 
that both prophylactic and therapeutic use 
of n-3FA decreases axonal and neuronal 
damage, inflammation, and apoptosis and 
normalises BDNF and neurotransmitter 
levels.

n-3FA may be an effective 
nutrient to counter the 
negative long-term effects 
of TBI.

Tipton, 2015

Randomised, double-
blind, placebo-
controlled, parallel 
design, 81 National 
Collegiate Athletic 
Association Division 
I American football 
athletes

Irrespective of a dose, supplemental DHA 
likely attenuated serum neurofilament 
light (NFL) coincident with increases in 
serum NFL by likely small and moderate 
magnitude.

Findings from this 
study suggesting a 
neuroprotective effect of 
DHA supplementation.

Oliver et al., 
2016

Review Nutrients (creatine and omega-3 FAs) 
and nutraceuticals (curcumin) have the 
potential to act on multiple mechanisms 
within the complex neurochemical and 
neurometabolic sequelae that occur 
subsequent to concussive and sub-
concussive impacts.

Additional research is 
necessary to determine 
the safety and efficacy 
of the use of nutritional 
interventions.

Oliver et al., 
2018
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Table 3. Impact of protein on the cognitive function

Subjects and 
methods

Results Conclusion References

6 women and 7 men 
participated in two 
trials of rest in the 
heat (Ta = 34.4 +/- 
1.8 degrees)

Cycle time to exhaustion increased during BCAA 
for men and women.

Indicate BCAA supplementation 
prolongs moderate exercise 
performance in the heat.

Mittleman  
et al., 1998

8 males in a warm 
environment (30°C)

BCAA ingestion had no effect on exercise 
capacity. No difference in the heart rate was 
apparent between trials. Ingestion of the 
BCAA solution produced a marked increase in 
plasma BCAA immediately prior to exercise 
with this difference maintained throughout. 
Consequently, a significant reduction in the 
plasma concentration ratio of free tryptophan to 
BCAA was observed during the BCAA trial when 
compared to the placebo.

Ingestion of a BCAA solution prior 
to, and during, prolonged exercise in 
glycogen-depleted subjects did not 
influence exercise capacity in a warm 
environment.

Watson et al., 
2004

Review There is good evidence that brain 
neurotransmitters can play a role in the 
development of fatigue during prolonged 
exercise.

Nutritional manipulation of these 
systems through the provision of 
amino acids has proven largely 
unsuccessful.

Meeusen et 
al., 2007

Meta-analysis 
includes 31 primary 
trials

BCAA had no effect on central fatigue. However, 
a significant reduction was detected in the 
lactate levels. BCAA supplementation had 
beneficial effects on ammonia, glucose, FFA, and 
CK, but had no effects on LDH.

BCAA supplementation did not have 
any effect on the feeling of fatigue; 
however, it led to a favourable 
effect on fatigue substances, energy 
metabolites and muscle soreness 
substances. Therefore, it can be 
concluded that the ingestion of 
the BCAA can play a helpful role in 
the enhancement of the exercise 
performance.

Hormoznejad 
et al., 2019

Randomised double-
blind placebo-
controlled study; 32 
untrained, healthy 
young adults (20 
males and 12 
female)

The administration of the supplement (SU) at 1d 
reduced RPE by 9% during the recovery phase, 
as compared to the placebo (PL); at 9w the RPE 
scores were reduced by 13 and 21% during the 
sprint and recovery phase, respectively; at 9w, 
prolonged supplement intake also improved TTE 
and TRIMP.

The intake of the BCAA-based 
commercially available supplement 
reduces rating of perceived exertion 
(RPE) as a likely consequence of an 
improvement in the serum tryptophan: 
BCAA ratio. Over time, reduced RPE 
allows subjects to sustain higher 
workloads, leading to increased 
training impulse (TRIMP) and time to 
exhaustion (TTE).

Gervasi et al., 
2020

Review Tryptophan can stimulate brain serotonin and 
has been shown to improve memory. 

The role of 5-HT in human cognition, 
reduced 5-HT function could 
be directly linked to cognitive 
disturbances in certain conditions, 
such as in depression and 
Alzheimer’s Disease.

Schmitt  
et al., 2006

Randomised, 
placebo-controlled, 
parallel trial, 59 
mentally and 
physically healthy 
women aged 45-65 
years

Emotional processing was significantly 
changed by supplementation, exhibiting a 
shift in bias away from negative stimuli. When 
the supplement was taken 60-90 min before 
bedtime, a feeling of happiness before going to 
bed was consistently reported.

Daily consumption of a low-dose 
supplement containing bioavailable 
tryptophan may have beneficial 
effects on emotional and cognitive 
functions.

Mohajeri  
et al., 2015

8 healthy male 
volunteers (age 32 ± 
11 years), in a warm 
environment (30°C)

Supplementation of 150 mg / kg bw of tyrosine 
one hour prior to exercise was associated with 
prolonged performance capacity in heat.

Acute tyrosine supplementation is 
associated with increased endurance 
capacity in the heat in moderately 
trained subjects. The availability 
of tyrosine, a nutritional dopamine 
precursor, can influence the ability 
to subjectively tolerate prolonged 
submaximal constant-load exercise in 
the heat.

Tumilty et al., 
2011

8 male soccer 
players within an 
environmental 
chamber (25 °C)

Positive vigilance responses (HIT) were 
significantly higher with negative responses 
(MISS) significantly lower in tyrosine compared 
to placebo. Tyrosine supplementation was 
associated with improved sensors and response 
time during football-specific tests in hot space.

This suggests that costs require 
tyrosine may improve cognitive 
function during exposure to stress 
associated with heat stress.

Coull et al., 
2015

8 male soccer 
players within an 
environmental 
chamber (25 °C)

Positive vigilance responses (HIT) were 
significantly higher with negative responses 
(MISS) significantly lower in tyrosine compared 
to placebo. Tyrosine supplementation was 
associated with improved sensors and response 
time during football-specific tests in hot space.

This suggests that costs require 
tyrosine may improve cognitive 
function during exposure to stress 
associated with heat stress.

Coull et al., 
2015
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Table 3. 

Subjects and 
methods

Results Conclusion References

For study 1: 21 
participants; 
for study 2: 8 
participants in warm 
environment (40°C)

Study 1 demonstrated that ingestion of a 
single dose of 150 mg·kg(-1) body mass TYR 
was equally efficient at elevating serum TYR 
concentration relative to a double dose. In study 
2, exercise heat stress impaired some aspects of 
cognitive function; however, TYR did not alleviate 
these decrements. Furthermore, no difference 
was observed in any physiological variable 
between conditions or trial completion time 
between TYR and placebo.

Ingestion of TYR did not influence 
cognitive function or physical 
performance during exercise heat 
stress.

Coull et al., 
2016

20 current or former 
male collegiate 
athletes (age: 
20.5 ± 1.4 years)

The combination of a low dose of caffeine with 
theanine and tyrosine can improve the accuracy 
of athletes' movements and reaction time during 
a series of gruelling exercises 

Supplementation with caffeine, 
theanine and tyrosine could 
potentially hold ergogenic value for 
athletes in sports requiring rapid and 
accurate movements.

Zaragoza et 
al., 2019

Table 4. Impact of carbohydrates on the cognitive function

Subjects and 
methods

Results Conclusion References

16 resistance-trained 
men (age 23 ± 4 
years) who regularly 
(≥3 day/wk−1) 
consumed breakfast 

Omission of a pre-exercise breakfast might impair 
resistance exercise performance in habitual 
breakfast consumers.

Consumption of a high-carbohydrate 
meal before resistance exercise 
might be a prudent strategy to help 
maximise performance.

Bin 
Naharudin  
et al., 2019

10 males physically 
active (moderate 
physical activity at 
least 2–3 days per a 
week); age 22.3 ± 2.1 
years

Blood glucose concentration was significantly 
lower during exercise in the breakfast 
consumption condition than those in the breakfast 
omission condition.

Skipping breakfast impairs executive 
function, but harsh exercise improves 
executive function even when skipping 
breakfast.

Komiyama  
et al., 2016

20 participants 
(60–80-year olds)

Glucose administration enhances specifically 
memory tasks. 

A boost in performance after 
glucose ingestion was particularly 
seen in the episodic memory 
domain.

Riby et al., 
2004

Review article, 
human (young 
people, adults) and 
animal studies

The impaired glucose regulation is associated with 
cognitive decline (particularly episodic memory). 
This impairment is minimal in young people, but 
increases in older people (65 years and over).

Glycaemia and glucose regulation 
should be controlled.

Messier, 
2004

Review article Reduction in exposure to/consumption of refined 
‘foods,’ including carbohydrates, may be critical 
in preventing or treating metabolic-related 
cognitive deficits. CHO ingestion, regardless of 
its type, tends to improve cognitive performance 
throughout exercise.

Consumption of refined 
carbohydrates should be reduced.

Hawkins  
et al., 2018

85 recreationally 
active males 

The ingestion of maple products and the 
commercial sports drink led to a lesser increase in 
glycaemia than glucose ingestion. CHO ingestion, 
when compared to water, induced a slight 
reduction in reaction times on the cognitive task, 
especially in the switching trials. CHO ingestion 
had no impact on cerebral oxygenation.

CHO ingestion, regardless of its 
type, tends to improve cognitive 
performance throughout exercise, 
especially during difficult cognitive 
tasks.

Dupuy et al., 
2019

Review article Hypoglycaemia during exercise could be related to 
a reduced delivery of glucose as a substrate to the 
brain, and carbohydrate feedings are associated 
with enhanced perceived activation and a lowered 
perception of effort during intermittent running in 
comparison to the ingestion of placebo.

A diet high in carbohydrates and 
consumed carbohydrates during 
exercise ensures that the substrate 
is available to the central and 
peripheral centres.

Williams  
et al., 2015

Review article Hypoglycaemia during exercise could be related to 
a reduced delivery of glucose as a substrate to the 
brain, and carbohydrate feedings are associated 
with enhanced perceived activation and a lowered 
perception of effort during intermittent running in 
comparison to the ingestion of placebo.

A diet high in carbohydrates and 
consumed carbohydrates during 
exercise ensures that the substrate 
is available to the central and 
peripheral centres.

Williams  
et al., 2015

7 male and 2 female 
endurance-trained 
volunteers (age: 24.0 
± 3.8 years)

Performance time was significantly improved with 
mouth rinsing of 6.4% maltodextrin compared 
with water.

Carbohydrate mouth rinse has a 
positive effect on 1-h time trial 
performance.

Carter et al., 
2004

51 students Compared with participants who rinsed with 
Splenda-based lemonade, those who rinsed with 
glucose-based lemonade were faster on trials in 
incongruent trials.

Glucose moderates self-control non-
metabolically.

Sanders  
et al., 2012
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Table 4. 

Subjects and 
methods

Results Conclusion References

7 recreationally 
active males

There were no significant differences in distance 
covered between trials with mouth rinsing of 6% 
maltodextrin.

There was no positive effect 
of a carbohydrate mouthwash 
on running performance of 
approximately 1 h duration

Whitham  
et al., 2007

14 male endurance-
trained athletes 

Performance time did not differ between 
treatments with mouth rinsing of 6.4% 
maltodextrin solution compared with a placebo. 
In accordance, heart rate and RPE did not differ 
between treatments.

Carbohydrate mouth rinsing does 
not improve time-trial performance 
when exercise is performed in a 
practical, postprandial setting.

Beelen et al., 
2009

Study 1A: effects 
of oral glucose 
on performance: 
8 male subjects 
(age: 29 ± 9 years); 
cyclists (endurance 
training ≥2 sessions 
per week). Study 
2A, the effects of 
maltodextrin on 
performance: 6 
male and 2 female 
subjects (age 22 ± 3 
years)

Cyclists completed a cycle time trial significantly 
faster when rinsing their mouths with a 6.4% 
glucose solution compared with a placebo 
containing saccharin. Cyclists significantly reduced 
the time to complete the cycle time trial when 
rinsing their mouths with a 6.4% maltodextrin 
solution compared to an artificially sweetened 
placebo.

Rinsing with glucose oral exposure 
to glucose activated reward-related 
brain regions, including the anterior 
cingulate cortex and striatum. 
Activation of these regions of the 
brain may provide a mechanism 
to explain the improvement in 
exercise performance that is 
observed when carbohydrate is 
present in the mouth

Chambers  
et al., 2009

8 endurance-trained 
males (age: 31.4 ± 
4.1 years) performed 
two 40-km cycling 
time trials in 35°C

Performance time and mean power output were 
similar between treatments when rinsing their 
mouths with 6.5% maltodextrin and placebo.

Carbohydrate mouth rinsing 
does not improve ~1-h time 
trial performance in hot-humid 
conditions, possibly due to a failure 
in down-regulating RPE, which 
may be influenced more by severe 
thermal and cardiovascular strain.

Cramaer  
et al., 2015

10 endurance-trained 
males; trial in a 
climatic chamber 
maintained at 30 °C

There was no difference in total work done 
between trials when rinsing their mouths with 
6.5% glucose and placebo.

The investigation failed to support 
the role of oral sensing of CHO in 
influencing performance during 
prolonged exercise in warm 
conditions.

Watson et al., 
2014

Review article Rinsing the mouth with a 6–8% CHO solution for 
10 seconds improved physical performance in 
high-intensity prolonged and intermittent exercise 
shorter or equal to 60–90 min duration.

Rinsing the mouth with a 6–8% 
CHO solution for 10 seconds in 
exercises shorter or equal to 60–90 
min duration is recommended.

Pomportes  
et al., 2020

Double-blind, 
placebo-controlled, 
within-subjects 
crossover design, 50 
college-aged young 
adults

Participants demonstrated longer reaction times in 
the Flanker task after rinsing their mouths with the 
carbohydrate mouth rinse, relative to pretest. No 
differences in reaction time were observed for the 
placebo control condition.

Carbohydrate mouth rinses do 
not appear to alter motor speed, 
inhibition, or sustained attention 
as compared to a placebo control 
in non-physically-fatigued college-
aged adults.

Chandler  
et al., 2020

Eleven male subjects 
(age 22 ± 2 years)

Nasal spray was shown to substantially enhance 
endurance performance, probably due to the 
activation of the olfactory pathway and/or extra-
oral sweet-taste receptors.

Nasal spray enhances endurance 
performance, which indicates a 
novel administration route. The 
higher activity in sensory brain 
cortices probably elicited the 
ergogenic effect.

De Pauw  
et al., 2017

In many studies, considerable attention has been paid to the role of 
polyunsaturated fatty acids (PUFA) in brain functions. Arachidonic acid (AA) and 
docosahexaenoic acid (DHA) are the main omega-6 and omega-3 long chain PUFA 
found in the brain. Both long chain PUFA have pivotal roles in brain physiology 
as they regulate fundamental neurobiological processes, in particular the ones 
involved in cognition and mood [64,66] (Table 2). Due to the limited capacity of 
the brain to synthesise long chain PUFA, preformed DHA can be provided by 
dietary supply of oily fish. Hence, increased consumption of DHA-rich products 
results in a partial replacement of AA by DHA in brain cell membranes [66]. 
Conversely, a lower omega-3 PUFA intake leads to lower brain levels of DHA with 
increased AA levels. Dietary DHA is indispensable for maintaining membrane 
ionic permeability and the function of transmembrane receptors that support 
synaptic transmission and cognitive abilities. Omega-3 fatty acids also activate 
energy-generating metabolic pathways that subsequently affect molecules such 
as brain-derived neurotrophic factor (BDNF) and insulin-like growth factor 
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Dietary DHA is indispensable for maintaining membrane ionic permeability and 
the function of transmembrane receptors that support synaptic transmission 
and cognitive abilities. Omega-3 fatty acids also activate energy-generating 
metabolic pathways that subsequently affect molecules such as brain-derived 
neurotrophic factor (BDNF) and insulin-like growth factor 1 (IGF1). BDNF and 
IGF1 acting at presynaptic and postsynaptic receptors can activate signalling 
systems, such as the mitogen-activated protein kinase (MAPK) and calcium/
calmodulin-dependent protein kinase II (CaMKII) systems, which facilitate 
synaptic transmission and support long-term potentiation that is associated 
with learning and memory [2]. DHA dietary supplementation has been found to 
elevate levels of hippocampal BDNF and enhance cognitive function in rodent 
models of brain trauma. DHA might enhance cognitive abilities by facilitating 
synaptic plasticity and/or enhancing synaptic membrane fluidity; it might also 
act through its effects on metabolism, as DHA stimulates glucose utilization 
and mitochondrial function, reducing oxidative stress (OS). Most of the studies 
in humans have been directed at evaluating the effects of omega-3 fatty acids 
on reducing the cognitive deficit that is associated with psychiatric disorders 
[2]. N-3 long chain PUFAs could be used as a preventive tool for cognitive 
decline in aged or elder adults or as a therapeutic measure in subjects with 
cognitive decline [68] (Table 2).

In spite of the large variability in the design of experiments to evaluate the action 
of different dietary elements on cognitive abilities, there is a consensus that a 
deficiency of omega-3 fatty acids in rodents results in impaired learning and 
memory. Dietary deficiency of omega-3 fatty acids in humans has been associated 
with an increased risk of several mental disorders, including attention-deficit 
disorder, dyslexia, dementia, depression, bipolar disorder and schizophrenia [69].

Abnormal omega-3 PUFA levels have been extensively described in both 
the peripheral tissues and in the brain of patients with mood disorders or 
cognitive decline, leading to a large number of randomised control trials 
(RCTs) aiming at evaluating the effectiveness of long chain omega-3 PUFA 
dietary supplementation on mood and cognitive disorders [65,70] (Table 
2). It is important to note that several RCTs performed in patients with 
depressive disorders revealed an additional effect of long chain omega-3 
PUFA supplementation to antidepressant treatments [71] (Table 2). Of note, 
a recent study has identified that depressive patients presenting a high level 
of inflammatory markers are more responsive to long chain omega-3 PUFA 
supplementation [72] (Table 2). This observation is highly relevant as these 
PUFA are potent regulators of inflammation, and inflammation is a crucial 
component of mood disorders [65]. 

There is still no evidence if omega-3 fatty acid supplementation would improve 
cognitive functions in athletes, and it is not known how/if this would translate 
into improved athletic performance. Anima l and preclinical investigations 
demonstrate that dietary consumption of DHA provided either before or after 
mild traumatic brain injury (mTBI) improves functional outcomes, such as 
spatial learning and memory [73,74,75] (Table 2). A randomised, double-blind, 
placebo-controlled trial was conducted to examine the effect of differing doses 
of DHA on serum neurofilament light (NFL), a biomarker of axonal injury, over 
the course of a season of American football. Eighty-one National Collegiate 
Athletic Association Division I American football athletes were assigned to 
ingest either 2, 4, 6 g / day of DHA or placebo. DHA supplementation resulted 
in increased plasma DHA in a dose-dependent manner. Irrespective of the dose, 
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supplemental DHA likely attenuated serum NFL coincident with increases in 
serum NFL by likely small and moderate magnitude. Findings from this study 
suggest a neuroprotective effect of DHA supplementation [76] (Table 2).

2.2. protein 
Important precursors for the brain are also derived from protein intake [3]. The 
synthesis of important neurotransmitters can be modulated by the availability 
of their dietary amino acid precursors, e.g. essential amino acid, which is 
tryptophan, important for serotonin production, a neurotransmitter involved 
in mood, information processing and cognitive function [77]. The another 
one is tyrosine, precursor to the catecholamines dopamine, epinephrine and 
norepinephrine [1,78].

Dietary tryptophan can stimulate brain serotonin and has been shown to improve 
memory, particularly in individuals with possibly compromised serotonergic 
activity, leading to cognitive deficits, i.e., women with premenstrual symptoms, 
stress-vulnerable volunteers and depressed patients [79] (Table 3). It was also 
shown that tryptophan dietary supplements improved cognition in healthy middle-
aged women [80]. Dietary supplementation of tryptophan is known to stimulate 
serotonergic activity and promote sleep, whereas acute tryptophan depletion 
causes deleterious effects on sleep, which is an important factor in recovery [81]. 
Serotonin cannot cross the blood-brain barrier; however, tryptophan crosses it via 
specialised channels and is converted to 5-hydroxyl-tryptophan (5-HTP), which 
then undergoes further conversion to serotonin [82]. In addition to serotonin, 
other dietary-derived neurotransmitters, such as glutamate, aspartate, and 
taurine, are shuttled from surrounding astrocytes to neurons and potentially 
could be influenced by dietary amino acids [83] (Table 3).

Tyrosine, another dietary compound that has been suggested to potentially exert 
cognition-enhancing effects, can be found in protein-rich foods, such as dairy, 
meat, eggs, and nuts [84]. Tyrosine serves as a precursor to the catecholamines, 
dopamine, epinephrine and norepinephrine. Oral intake of tyrosine causes an 
increase in adrenaline, noradrenaline and dopamine both in the central nervous 
system (CNS) and peripherally. The revised central fatigue hypothesis suggests 
that an increase in the central serotonin to dopamine ratio is associated with 
fatigue and lethargy [85]. Tumilty et al. showed that tyrosine administration 
was associated with an increased cycling time to exhaustion in the heat (30°C) 
[86] (Table 3). Coull et al. showed that tyrosine supplementation was associated 
with improved sensors and response time during football-specific tests in hot 
space. This suggests that tyrosine may improve cognitive function during 
exposure to stress associated with heat stress [87] (Table 3). In the subsequent 
scientific studies, they confirmed that physical effort in the heat disturbs some 
aspects of cognitive functions, but tyrosine supplementation does not reduce 
these effects [88] (Table 3).

An attempt was made to check the effect of supplementation with a combination 
of low dose caffeine, theanine and tyrosine on sport-specific cognitive functions 
in tests where accuracy of movements and reaction time are important. The 
results of this study indicate that the combination of a low dose of caffeine with 
theanine and tyrosine can improve the accuracy of athletes' movements and 
reaction time during a series of gruelling exercises [89] (Table 3).
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Providing a supplementation of branched-chain amino acids (BCAA) results 
in a rapid elevation of their plasma concentrations and increases their uptake 
into the brain. Because exercise contributes to an elevation of serotonin in the 
brain, increasing the plasma concentration ratio of free tryptophan to other 
large neutral amino acids (LNAA), branched-chain amino acids may reduce 
central and mental fatigue during and after sustained exercise. Although this 
is a very interesting concept, there is limited or only circumstantial evidence 
to suggest that exercise performance in humans can be altered by nutritional 
manipulation with BCAA supplements [90]. Mittleman et al. studied subjects 
who performed exercise until exhaustion in the heat (34°C) and observed a 
significant improvement in performance after BCAA supplementation [91] 
(Table 3). This result was not confirmed in another study [92] (Table 3). There is 
good evidence that brain neurotransmitters can play a role in the development 
of fatigue during prolonged exercise, but nutritional manipulation of these 
systems through the provision of amino acids has proven largely unsuccessful 
[93] (Table 3). Hormoznejad et al. concluded that BCAA supplementation did not 
have any effect on the feeling of fatigue; however, it led to a favourable effect 
on fatigue substances, energy metabolites and muscle soreness substances. 
Therefore, it can be concluded that the ingestion of the BCAA can play a helpful 
role in the enhancement of the exercise performance [94] (Table 3). Gervasi 
et al. conducted a randomised double-blind placebo-controlled study with 
thirty-two untrained, healthy young adults to determine whether the intake 
of a commercially available BCAA-based supplement, taken according to the 
manufacturer’s recommendations, could affect the rating of perceived exertion 
(RPE) and performance indexes at the beginning (1d) and end of a 9-week 
(9w) scheduled high intensity interval training program. It was suggested that 
the intake of the BCAA-based commercially available supplement used in this 
study reduces rating of perceived exertion (RPE) as a likely consequence of an 
improvement in the serum tryptophan: BCAA ratio. Over time, reduced RPE 
allows subjects to sustain higher workloads, leading to increased training 
impulse (TRIMP) and time to exhaustion (TTE) [95] (Table 3).

2.3. carbohydrates 
Glucose is the main source of energy for the brain, and a number of studies have 
demonstrated that an inadequate supply of glucose can result in a significant 
reduction in mental function, and hypoglycaemia may adversely affect brain 
function and cognitive performance [90,96]. Glucose is required for the synthesis 
of neurotransmitters such as serotonin, noradrenaline, and acetylcholine [42]. 
Frontal-lobe functioning is enhanced by glucose, suggesting that effects may 
be due to an increased supply of glucose to the brain areas involved in memory 
tasks. Alternatively, or additionally, glucose or a metabolite may activate release 
of acetylcholine during learning to produce improved memory performance 
[97]. The brain consumes ca. 130 g of glucose daily; thus, in a resting state, a 
large portion of the available glucose will be used by the brain. Glucose is stored 
in the brain as glycogen in the astrocytes and can be degraded in response to 
sudden increases in energy demand such as periods of increased neuronal activity, 
during cognitive processes, and in prolonged endurance exercise [12,98−100]. 
Glucose and glycogen are the primary fuel source of the brain, but lactate also can 
contribute to fuelling the brain. Especially during periods of high brain activation, 
astrocytes metabolise glucose, forming lactate as a by-product which will serve 
as additional fuel [101]. It was concluded that acute glucose administration 
specifically enhances memory tasks. The effect size was found to be greater for 
high demanding tasks, especially in adults [102] (Table 4). Although the specific 
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effects of glucose in children are poorly described, with one study reporting 
improved reaction speed, and another reduced attention, the beneficial effects 
of breakfast on school performance may be related to adequate energy supply to 
the brain under conditions of sustained cognitive demand [46,103,104]. 

Evidence from positron emission tomography suggests that increased neural 
activity (e.g., the learning of a complex visuospatial motor task and verbal 
working memory) is associated with increased use of glucose by the brain. After 
learning a task, use of glucose in extraneous brain areas decreases. Cognitive 
demand, therefore, seems to be associated with increased glucose metabolism 
in localised areas of the brain and consistent with the notion that cognitively 
demanding situations can deplete the brain of glucose. Subjects with higher 
levels of blood glucose and good glucose tolerance (i.e., ability to transport 
glucose from the bloodstream to the brain) should respond most effciently  
to the demand of cognitive tasks. Widom et al. found that the threshold for 
impairment of cognitive tasks was in the range of 2.2 to 2.8 mmol/L. However, 
some individuals maintained normal performance at below 2.2 mmol/L, and 
others showed disruption of function at 4 mmol/L [105]. It has been suggested 
that cognitive disruption at higher glucose levels occurs in non-diabetics 
whose symptoms of hypoglycaemia are relieved by food intake [42]. Lack of 
glucose availability produces definite impairment of cognitive performance in 
diabetics of both types and in normal subjects. It follows that enhancing glucose 
availability through the ingestion of CHO should ameliorate impairment or 
indeed enhance performance [42]. There is evidence that impaired glucose 
regulation is associated with cognitive decline. This impairment is minimal in 
young people, but increases in older people, which may be associated with other 
aging processes, leading to reduced brain function [106] (Table 4).

Reduction in consumption of refined ‘foods’ including carbohydrates (CHO), 
may be critical in preventing or treating metabolic-related cognitive deficits. 
CHO ingestion, regardless of its type, tends to improve cognitive performance 
throughout exercise [107] (Table 4). The beneficial effect of carbohydrate 
supplementation during prolonged exercise could also relate to increased (or 
maintained) substrate delivery for the brain, with a number of studies indicating 
that hypoglycaemia affects brain function, and cognitive performance. [90]. 
Carbohydrate supplementation before and during exercise is associated with 
enhanced brain activation and decreased exercise perception, as well as improved 
cognitive functions [108,109] (Table 4).

A possible link between the brain and the carbohydrates intake was shown by 
mouth-rinse studies. The glucose solution presence in the mouth can impact on 
improved physical and cognitive performance [110,111] (Table 4). A 3% increase 
in performance was observed by following the rinsing of a maltodextrin solution 
around in the mouth before and during exercise [112] (Table 4). Most studies that 
found a positive effect were carried out in the fasted state. When a carbohydrate 
mouth rinse was performed in a fed state, no effect on performance in 45-min 
and 60-min time trials were observed [113,114] (Table 4). The concept of the 
carbohydrate mouth rinse has been supported by work investigating brain activity 
following the ingestion of a bolus of glucose and research demonstrating the 
activation of several brain regions after rinsing the mouth with carbohydrate 
solutions [110] (Table 4). Those studies highlight a marked increase in brain 
activation, occurring immediately after carbohydrate enters the mouth, with a 
second spike in activity observed 10 min following ingestion, presumably occurring 
as the substrate enters the circulation. There is evidence that any benefit of CHO 
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mouth rinse is lost when exercise is performed in a warm environment [115,116] 
(Table 4). As was summarised by Pomportes et al. in their review, rinsing the 
mouth with a 6–8% CHO solution for 10 seconds improved physical performance 
in high-intensity prolonged and intermittent exercise shorter or equal to 60–90 
min [117] (Table 4). Chandler et al., conducted a double-blind, placebo-controlled 
trial, within-subjects crossover design with a use of 50 college-aged young adults 
performing a battery of cognitive tasks both before and after rinsing their mouth 
for 10 s with 20 mL of either a carbohydrate mouth rinse solution or a sensory-
matched placebo control solution. Participants demonstrated longer reaction 
times in the Flanker task after rinsing their mouths with the carbohydrate mouth 
rinse, relative to pretest. There were observed no differences in the reaction time 
for the placebo control condition. Carbohydrate mouth rinses do not appear to 
alter motor speed, inhibition, or sustained attention as compared to a placebo 
control in non-physically-fatigued college-aged adults [118] (Table 4). Another 
concept which can be used for greater cognitive effciency is nasal spray. Nasal  
spray was shown to substantially enhance endurance performance, probably 
due to the activation of the olfactory pathway and/or extra-oral sweet-taste 
receptors [119] (Table 4).

3. hydration 
The hydration level is one of the most important factors when considering how 
effciently the brain is working. On a daily basis, the human body requires  
between one and seven litres of water to function normally. This demand is 
increased significantly when undertaking exercise, and varies depending upon 
environmental temperature and humidity [120]. A decrease in body weight 
through dehydration of only 1% can lead to reduced concentration, a less effective 
memory, increased tension, feelings of anxiety, and an increased experience of 
fatigue [121] (Table 5). On the other hand, Szinnai et al. showed that cognitive-
motor function is preserved during water deprivation in young humans up to 
a moderate dehydration level of 2.6% of body weight [122]. Dehydration and 
hyperthermia cause a temporary unsealing of the blood-brain barrier, which 
may affect the stability of the brain environment during exercise [123] (Table 5). 
Dehydrated patients showed higher neuronal activity to achieve the same level of 
mental performance [124] (Table 5). Wittbrodt et al. conducted the meta-analysis 
to determine the effect size of dehydration on cognitive performance and influence 
of experimental design factors. The researchers concluded that dehydration 
worsens cognitive performance, especially for tasks requiring attention, executive 
functions and coordination when water deficiencies exceed 2% of body weight 
[125] (Table 5). The results could be useful particularly in team sports and in 
those in which accuracy, decision making and coordination are very important.

4. other dietary components 
A huge group of micronutrients (iron, iodine, zinc, magnesium) and vitamins 
(vitamin B12, folate, vitamin E, C and D) play an important role in brain functions, 
and their deficiencies are linked to different cognitive impairments, as well as to 
potential long-term behavioural changes [126,127,128,129]. In addition, there is 
increasing evidence that some specific nutritional supplements can have a positive 
impact upon cognitive performance, which is caffeine, creatine, curcumin, cocoa 
flavanols, nitrate (beetroot juice) and resveratrol [1,130]. Some plant products and 
herbal extracts, such as ginseng, ginkgo biloba, guarana, L-theanine, Rhodiola 
rosea, mint and sage, are marketed as supplements to enhance performance. 
In several studies positive effects of these products were shown; however, the 
literature on their effects on sports performance is scarce [1].
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Table 5. Impact of water and hydration status on the cognitive function

Subjects and 
methods

Results Conclusion References

8 physically active 
males in a warm 
environment 35°C

Water ingestion can limit exercise-induced 
increases in serum S100beta, consistent with the 
preservation of BBB integrity.

Dehydration and hyperthermia 
cause a temporary unsealing of 
the blood-brain barrier, which may 
affect the stability of the brain 
environment during exercise.

Watson et al., 
2006

26 men (age 20·0 
(sd 0·3) years) in a 
27,7°C environment

Dehydration degraded specific aspects of cognitive 
performance: errors increased on visual vigilance 
and visual working memory response latency 
slowed Fatigue and tension/anxiety increased due 
to dehydration at rest and fatigue during exercise.

A decrease in body weight through 
dehydration of only 1% can lead 
to reduced concentration, a less 
effective memory, increased 
tension, feelings of anxiety, and an 
increased experience of fatigue. 

Ganio et al., 
2011

10 healthy 
adolescents (mean 
age = 16.8, five 
females)

Participants exerted a higher level of neuronal 
activity in order to achieve the same performance 
level.

Prolonged states of reduced water 
intake may adversely impact 
executive functions, such as planning 
and visuo‐spatial processing

Kempton  
et al., 2011

33 studies were 
identified, providing 
280 ES estimates 
from 413 subjects 
with DEH ranging 
from 1% to 6% BML.

Tasks of executive function, attention and motor 
coordination were significantly impaired (P ≤ 0.01) 
after DEH, and attention/motor coordination was 
different (P < 0.001) from reaction time specific 
tasks.

Dehydration worsens cognitive 
performance, especially for tasks 
involving attention, executive 
functions and motor coordination 
when water deficits exceed 2% 
BML.

Wittbrodt et 
al., 2018

5. lifestyle 
Mitochondrial energy production, which is significant for maintaining neuronal 
excitability and synaptic function, can be affected by diet and exercise. The 
combination of certain diets and exercise can have additive effects on synaptic 
plasticity and cognitive function. ATP produced by mitochondria might activate 
brain-derived neurotrophic factor (BDNF) and insulin-like growth factor 1 
(IGF1), which support synaptic plasticity and cognitive function. Numerous 
studies have shown that physical activity enhances learning and memory 
under a variety of conditions [2,131]. Physical training seems to be one of the 
best tools in a possible treatment of cognitively impaired elderly people [132].

The quality and duration of an individual’s sleep, including the quality of 
recovery, is an important factor, which has also been identified to influence 
brain performance [133]. It has been suggested that the restorative nature of 
good quality sleep is important for effective training and performance [134]. 
High quality sleep can help athletes deal with, and adjust to, the emotional, 
immunological, neurological, and physical stressors that they experience 
[135]. Evidence suggests that one night of sleep deprivation can diminish 
waking regional brain activity in the areas that are responsible for alertness, 
attention, and higher-order cognitive processes [136]. 

Stress can lead to improved performance through increased focus and strength 
or can have a negative influence on performance through distraction and 
decreased fine motor control [137]. Stress may grow the effects of food on 
mental performance by modulating brain serotonin function. Chronic stress 
may produce increased serotonin activity, leading to a functional shortage 
of tryptophan and brain serotonin concentrations [42]. The physical activity 
activates the body’s stress response, the hypothalamic-pituitary-adrenal (HPA) 
axis, giving effects at a physical and psychological level [138]. One of these 
physiological responses is the cortisol secretion. Bermejo et al. conducted the 
trial whose aim was to elucidate the effects of a single bout of high intensity 
exercise on behavioural (i.e., attention and memory) and physiological (i.e., 
salivary cortisol) responses and to evaluate the effect of the performance 
of the cognitive tasks on cortisol levels. They concluded that the effects of 
stress on cognitive performance depend on the main brain areas responsible 
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of cognitive functions (i.e., prefrontal cortex and hippocampus) and the time 
elapsed between the cessation of exercise and the evaluation of these [139]..

There is an important connection between probiotics, psychobiotics and cognitive 
and behavioural processes. They include neurological, hormonal, metabolic 
and immunological signalling pathways and the changes in these systems may 
result in alterations in behaviour (mood) and cognition (learning and memory). 
Psychobiotics have been recognised as key factors in affective disorders and the 
immune system, in addition to their effect including the regulation of neuroimmune 
regulation and control axes in diseases of the nervous system [140].

conclusions 
It is important to understand the importance of factors influencing brain function 
and cognitive performance, which can be crucial to athletic performance and 
well-being of athletes. There have been many studies investigating the effect 
of dietary components on the brain activity. The importance of this data is 
particularly significant in team sports and in those where accuracy, decision 
making and coordination are very important.

Assumptions of the Mediterranean diet correlate with better global cognition, 
episodic memory, a lower risk of cognitive impairment and neurodegenerative 
diseases. In turn, high-fat and high-sugar diet shows the opposite effect. Omega-3 
fatty acids could be used as a preventive tool for cognitive decline in aged or 
elder adults or as a therapeutic measure in subjects with cognitive decline but 
there is still insuffciently evidence if omega-3 fatty acid supplementation would  
improve cognitive functions. Their use in the treatment after mild traumatic 
brain injury (mTBI) seems to give high hopes. The proper intake of protein is 
a significant factor in physical performance and may be important in cognitive 
functions. Tyrosine seems to be potentially effective in inhibition of fatigue under 
extreme conditions. The results from studies showing the influence of BCAA 
on cognitive performance are still unclear and more well-controlled studies in 
exercise science is needed. An appropriate glucose level and the amount of 
glycogen, which are the primary fuel source for the brain, are the critical factors 
for brain functions. Carbohydrate supplementation before and during exercise 
is associated with enhanced brain activation and decreased exercise perception, 
as well as improved cognitive functions. The counteraction of hypoglycaemia 
may favourably affect brain function and cognitive performance. Nasal sprays 
and mouth rinse have an impact on improved physical and, most likely, cognitive 
performance. Dehydration exceeding 2% of body weight worsens cognitive 
performance, especially for tasks requiring attention, executive functions and 
coordination. Therefore, athletes need to control their hydration level and to 
replenish the fluids with proper sports drinks.

Finally, it is important to note that much of the cited evidence relates to the 
general, elderly population or to participants with cognitive disorders; therefore, 
analogous studies should be carried out among active people. Based on the 
review of available studies, it should be assumed that proper nutrition is a key 
factor in physical performance, but it also plays a relevant role in athletes’ 
cognitive performance. In the context of improving or maintaining cognitive 
functions, it seems advisable to follow the assumptions of the Mediterranean 
diet, with particular emphasis on the proper supply of vegetables, fruits and 
vegetable oils, proper hydration with appropriate types of fluids and eating 
balanced meals, especially breakfast, ensuring the supply of unnecessary macro- 
and micronutrients.
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